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My  dear  Sir, 

I  take  the  liberty  of  inscribing  the  following  Work  to  jou,  as  an 
expression  of  my  grateful  remembrance  of  the  value  of  your  instructions, 
of  my  respect  for  those  Intellectual  faculties  which  render  you  pre-emi- 
nent amongst  the  Medical  Philosophers  of  our  time,  and  of  my  admira- 
tion for  those  Moral  excellences  which  call  forth  the  warm  regard  of  all 
who  are  acquainted  with  your  character. 

In  many  parts  of  this  Treatise,  you  will  find  that  doctrines  which  you 
have  long  upheld  in  opposition  to  almost  the  whole  Physiological  world, 
are  defended  with  such  resources  as  I  can  command ;  and  that,  in  several 
instances,  such  convincing  evidence  of  their  truth  has  been  afforded  by 
recent  observations,  that  further  opposition  to  them  would  now  seem 
vain.  And  if  I  have  presumed  to  differ  from  you  on  some  points,  it  has 
been  in  the  spirit  of  that  independence,  which  you  have  uniformly  en- 
couraged in  your  pupils ;  yet  with  a  distrust  of  my  own  judgment,  when- 
ever it  came  into  collision  with  yours. 

That  you  may  long  be  spared  to  be  the  ornament  of  your  University, 
and  the  honour  of  your  City,  is  the  earnest  wish  of. 

Dear  Sir, 

Your  obliged  Pupil, 

William  B.  Carpenter. 
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EDI  T  OR^S    NOTICE. 


A  GLANCE  at  the  Author's  Preface  will  show  that  the  present  editioD 
has  been  remodelled  to  an  extent  vrhich  renders  it  almost  a  new  work. 
Dr.  Carpenter's  untiring  industry  has  left  little  for  the  American  editor 
to  add  beyond  an  occasional  illustration  of  the  text,  or  notices  of  more 
recent  discoveries,  which  have  been  published  since  the  issue  of  the 
English  copy.  Nearly  one  hundred  wood-engravings  have  been 
introduced  through  the  liberality  of  the  publishers  (the  greater  number 
by  the  Author  in  his  preparation  of  the  sheets  for  this  American  edition), 
by  which,  it  is  hoped,  its  value  is  greatly  enhanced.  It  is  confidently 
believed  (hat  the  present  will  more  than  sustain  the  enviable  reputation 
already  attained  by  former  editions,  of  being  one  of  the  fullest  and  most 
complete  treatises  on  the  subject  in  the  English  language. 

ThQ  additional  matter  is  inclosed  in  brackets  [  ]. 
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It  is  again  the  Author's  pleasing  duty  to  express  his  grateful  thanka 
to  his  brethren  on  the  other  side  of  the  Atlantic,  for  the  flattering  testi- 
mony which  their  very  extended  use  of  bis  "Human  Physiology"  has 
borne  to  its  merits.  On  the  issue  of  the  last  Edition,  be  could  not  but 
feel  some  apprehension,  lest  the  overgrown  bulk  ivhich  it  had  attained, 
in  consequence  of  his  desire  to  render  every  part  of  it  as  complete  as 
possible,  might  prevent  the  continuance  of  that  general  demand,  which 
it  had  been  the  good  fortuoe  of  previous  Editions  to  excite.  It  has 
been,  therefore,  a  source  of  peculiar  satisfaction  to  him,  that  the  rapid 
sale  of  a  large  impression  should  have  so  promptly  renewed  the  assurance 
of  &  kind  appreciation  of  bis  labours,  on  the  part  of  those  to  whom  he 
most  desires  to  render  them  acceptable.  And  the  success  which  has  thua 
attended  them,  has  been  an  additional  inducement  to  him  to  spare  no 
paina  to  deserve  a  continuance  of  it. 

In  commencing  the  preparation  of  a  New  Edition,  however,  it  was 
evident  to  him,  that,  as  the  dimensions  of  the  volume  altogether  pre- 
clnded  any  increase  in  the  number  of  its  pages,  whilst  their  previous 
repletion  equally  prevented  any  augmentation  of  their  capacity,  no 
addition  of  new  matter  cnuld  be  made,  without  a  corresponding 
omitsion  of  old,  —  a  proceeding  which  ho  could  not  bring  himself  to 
adopt.  But  having  already  been  led,  by  the  occurrence  of  the  same 
difficulty  in  the  case  of  his  "Principles  of  General  and  Comparative 
Physiology,"  to  determine  upon  the  division  of  that  work  into  two 
separate  and  independent  Treatises,  on  '*  General"  and  "  Comparative 
Physiology"  respectively,  it  seemed  to  him  to  be  the  simplest  and  most 
desirable  plan,  to  transfer  from  the  "  Human"  to  the  *'  General  Phy- 
siology" such  parts  of  the  former  as  could  with  propriety  be  incor- 
porated witb  the  latter;  thus  effecting  such  a  reduction  in  the  size  of 
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the  "  Human,"  as  might  enable  Lim  to  make  any  addiliona  to  it  that 
the  progress  of  Science  should  require ;  and  at  tlie  same  time  rendering 
the  "General"  more  comprehensive  and  complete  in  itself,  as  well  as  a 
more  appropriate  companion  either  to  tlie  '*  Comparative "  or  to  the 
"Human.*'  lie  was  encouraged  to  decide  upon  this  course,  by  the 
approval  which  it  met  with  from  his  American  Publishers,  who  had 
previously  decided  upon  reprinting  his  "  General  and  Comparative  Phy- 
siology," and  who  readily  agreed  to  the  new  division  which  he  proposed; 
and  he  gladly  takes  this  opportunity  of  expressing  hia  aenBe  of  the 
honourable  liberality  which  they  have  on  all  occasions  evinced  in  their 
arrangements  with  him,  and  his  hope  that  the  sale  of  his  *'  Comparative" 
and  "General"  Physiologiea  may  be  such  as  not  to  make  them  regret 
their  spirited  determination  to  reproduce  these  as  companions  to  the 
"  Human."  These  three  books  will  henceforth  constitute  aa  many 
independent  but  mutual!^ -connected  Treatises,  on  the  three  great 
departments  into  which  modern  Physiology  naturally  divides  itself; 
and  the  Author  has  only  to  hope,  that  he  may  be  found  to  have  thus 
devised  the  most  appropriate  method  of  meeting  the  numerous  kind 
suggestions  which  have  been  made  to  him,  in  regard  to  the  division 
of  hia  inconveniently-bulky  Volumes. 

In  accordance  with  the  foregoing  plan,  the  Second,  Third,  and  Fifth 
Chapters  of  the  last  Edition  of  this  work,  which  included  a  gummary 
of  Animal  Chemistry,  and  of  the  Structure  and  Actions  of  the  Animal 
Tissues,  amounting  in  all  to  ahout  240  pages,  have  been  omitted  from  the 
present.  On  the  other  hand,  additions  have  been  made,  to  the  amount ' 
of  about  70  pages ;  and  these  by  no  means  constitute  the  whole  of  the 
new  matter  introduced,  since  many  portions  have  been,  re-written,  with 
little  or  no  increase  of  bulk.  It  has  been  the  Author's  desire,  on  this 
as  on  former  occasionSj  that  his  Treatise  should  represent  his  present 
convictions  and  opinions,  aa  completely  as  if  it  were  making  its  appear- 
ance for  the  first  time ;  and  he  has  accordingly  subjected  every  part 
of  it  to  a  revision  not  less  careful  than  that  which  be  would  have 
bestowed  upon  it,  had  it  less  recently  passed  under  a  similar  scrutiny. 
Although  the  minor  results  of  this  revision,  which  are  scattered  through 
almost  every  part  of  the  volume,  would  not  be  apparent  save  on  a 
searching  comparison,  yet  he  trusts  that  they  will  he  found  to  have 
increased  the  utility  of  the  work  j  —  those  of  more  importance,  however, 
he  deems  it  well  now  to  particularize. 

In  the  Chapters  which  treat  of  the  several  Organic  Functions,  many 
important   additions  have  been  derived  from  the  admirable  work  of 
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MM.  Bidder  and  Schmidt,  "  Die  Verdauungssafte  und  der  Stoffwechsel," 
vhich  contains  the  results  of  those  elaborate  researches  on  Digestion, 
Respiration,  Secretion,  and  the  Metamorphosis  of  Tissue,  trhich  they 
have  carried-on  for  several  successive  years  in  the  Dorpat  Laboratory. 
It  may  be  thought,  perhaps,  by  such  as  are  conversant  with  this  work, 
that  the  Author  has  not  made  sufficient  use  of  the  vast  body  of  informa- 
tion which  it  supplies :  but  be  must  be  permitted  to  remark,  in  the  first 
place,  that  so  many  of  the  statements  of  these  able  Experimenters  are 
in  direct  contradiction  to  those  of  others  who  had  previously  stood  in 
good  repute,  as  well  as  to  generally-accepted  Physiological  doctrines, 
that  it  ia  yet  doubtful  on  which  side  the  truth  lies ;  and,  secondly,  that 
even  where  their  facts  are  not  disputed,  there  is  often  so  much  doubt 
respecting  the  right  interpretation  of  them,  and  more  especially  in  regard 
to  their  applicability  to  ^lan,  that  he  has  scarcely  judged  it  expedient 
to  admit  such  into  a  Treatiso  which  especially  aims  at  embodying  the 
certaintiei  of  Physiological  Science. 

The  portions  of  Chapter  IV.  which  relate  to  the  Glandulse  of  the 
Absorbent  System,  and  to  the  Vascular  Glands,  have  been  almost 
entirely  re-written,  in  accordance  with  the  improved  knowledge  of  these 
bodies  which  has  been  recently  attained,  through  the  labours  of  various 
histological  Anatomists  and  experimental  Physiologists,  especially 
Briicke,  Kolliker,  and  H.  Gray. 

The  part  of  Chapter  IX.  in  which  the  Minute  Anatomy  and  the  Phy- 
siology of  the  Liver  are  discussed,  has  been  brought  into  accordance, 
on  most  points,  with  the  views  entertained  by  Prof.  Kolliker  as  to  its 
Btnicture,  and  with  those  of  Dr.  C.  Handfield  Jones  in  regard  to  its 
actions :  the  Author  being  now  convinced  that  the  account  of  this  organ 
given  by  Dr.  Leidy  and  by  Prof.  Iletzius,  to  which  he  had  formerly  seen 
reason  to  assent,  is  based  on  a  wrong  interpretation  of  the  appearances 
presented ;  and  that  the  liver  really  unites,  as  well  structurally  as  func- 
tionally, the  essential  characters  of  a  Vascular  or  Assimilating  Gland, 
with  those  of  an  Excretory  Gland. 

In  Chapter  XI.,  on  the  Functions  of  the  Cerebro-Spinal  Nervous 
System,  the  Author  has  again  seen  reason  to  introduce  very  considerable 
modifications ;  these  having  reference  for  the  most  part,  however,  rather 
to  the  order  of  9UCceuion  of  the  subjects,  than  to  the  opinions  previously 
put-forth, — the  latter,  in  fact,  having  received  most  satisfactory  confir- 
mation, alike  from  the  accordance  which  has  been  expressed  with  them 
by  many  highly-competent  judges,  from  the  Author's  own  more  matured 
reflections,  and  from  certain  occurrences  of  public  notoriety  which  have 
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afforded  roost  remarkable  exemplifications  of  them.  It  would  have  been! 
scarcely  possible,  in  fact,  to  conceive  of  any  more  apposite  and  con- 
vincing proof  of  that  independent  automatic  activity  of  the  Cerebrum, 
and  of  its  involuntary  influence  in  producing  Muscular  contraction,  which 
the  Author  had  formularized  in  the  doctrine  of  "  Ideo-Motor  action," 
than  that  which  was  afforded  by  the  Epidemic  of  "Table-turning"  and 
"  Table-talking,"  which,  originating  in  the  United  States,  began  to 
spread  through  Europe  just  at  the  epoch  of  the  publication  of  the  former 
Edition,  in  which  that  doctrine  was  first  distinctly  developed.  And  some 
of  the  rarer  phenomena  of  that  Epidemic  also  afforded  interesting  illus- 
trations of  his  doctrine  of  "Unconscious  Cerebration";  the  validity  of 
which  has  been  admitted  by  many  eminent  Psychologists,  who  have  no 
leaning  whatever  to  what  is  commonly  termed  "  Materialism."  Not 
among  the  least  valuable  of  the  testimonies  to  the  general  correctness 
of  the  Author's  views,  as  to  the  relation  of  the  Will  to  the  Automatic 
operations  of  the  Cerebrum,  are  those  which  he  has  received  from  indi- 
viduals practically  conversant  with  various  departments  of  Education 
(especially  Schools  for  the  Reformation  of  Juvenile  Delinquents),  and 
with  the  Treatment  of  Insanity.  In  recasting,  as  a  separate  Section  of 
this  Chapter,  all  that  relates  to  "The  Mind  and  its  Operations,"  the 
Autlior  has  derived  many  valuable  suggestions  and  much  assistance,  in 
regard  to  the  'Perceptive  and  Intuitional  Consciousness,'  from  the  valu- 
able "Elements  of  Pflychology"  of  his  friend  Mr.  J.  D,  Mo  re  11 ;  whilst, 
for  the  extension  of  his  notion  of  those  states  of  feeling  which  constitute 
the  essence  of  Emotions,  from  that  of  meve  pleagure  and  pain  to  which 
he  had  previously  limited  them,  to  more  varied  forms  of  *  Emotional 
Sensibility/  as  well  as  for  the  suggestion  of  that  very  appropriate  term, 
he  is  indebted  to  his  friend  Dr.  Daniel  Noble.'  The  whole  of  this  Sec- 
tion has  passed  under  the  revision  of  the  Rev.  W.  Thomson  {Fellow  and 
Tutor  of  Queen's  College,  Oxford),  the  Author  of  the  well-known  "  Out- 
line of  the  Necessary  Laws  of  Thought" ;  for  whose  kindness  in  under 
taking  this  labour  in  behalf  of  one  almost  a  stranger  to  him,  the  Author 
has  great  pleasure  in  making  this  acknowledgment. 

In  Chapter  XII.  (part  of  the  first  section  of  which  has  been  transferred 
to  what  seemed  its  more  appropriate  place  in  the  last-mentioned  division), 
tlie  section  on  Vision  has  received  several  additions  and  modifications  j 
the  most  important  of  which  are  derived  from  the  researches  of  H.  Miiller 


'  Soc  his  "Eloments  of  Pfljcholopical  Medicine,"  2iJ  edit.,  p.  66,  —  This  littla 
work,  the  Author  (though  not  according  in  everything  it  containa)  would  atrotiglj 
•^oommeoij  to  all  who  are  entering  on  the  practice  of  their  Profession. 
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on  the  Structure  of  the  Retina^  from  the  enrjurries  of  Prof.  Wheatstone 
into  various  points  in  the  Physiology  of  Biriociilar  Vision,  and  from  ll»e 
curious  investigations  made  by  Dr.  Serre  in  regard  to  the  subjective 
phenomena  produced  by  pressure  on  the  Eyeball. 

From  Chapter  XIII,,  also,  the  section  "On  the  Influence  of  Expect- 
ant Attention  on  Muscular  Movements"  has  been  fur  the  most  part 
removed  into  Chapter  XL,  where  it  completed  the  doctrine  of  Idco- 
Motor  action ;  whilst  the  Buiall  portion  relating  to  the  movements  of  the 
Organic  Muscles  has  been  transferred  to  Chapter  XV.  To  this  last 
Chapter  has  also  been  removed  the  account  of  tbe  structure  and  relations 
of  the  Sympathetic  System ;  so  that  it  now  embraces  a  summary  of  all 
the  principal  modes  in  which  the  Nervous  System,  or  the  Mind  through 
its  agency,  affects  the  Organic  Functions. 

Various  improvements,  scarcely  worth  here  particularizing,  have  been 
made  in  Chapter  XVI.,  on  the  Generative  Function ;  the  most  important 
additions  being  a  summary  of  Dr.  Dalton's  researches  on  the  distinctions 
between  the  Corpus  Luteum  of  simple  Menstruation  and  that  of  Preg- 
nancy, and  a  notice  of  certain  curious  circumstances  attending  the  trans- 
mission of  Parental  chariicfers  to  the  Offspring,  which  have  a  direct 
bearing  on  the  question  of  Marriage  of  near  lielations. 

Chapter  XVIIL,  "On  the  Modes  of  Vital  Activity  Characteristic  of 
diflerent  Ages,"  has  been  almost  entirely  written  specially  for  this  Edi- 
tion;  tbe  subject,  which  had  been  only  touched-on  incidentally  in  the 
preceding,  appearing  to  the  Author  ^  deserve,  under  every  point  of 
view,  a  more  express  consideration.       ^ 

The  entire  number  of  Wood-Engravings  has  necessarily  undergone 
some  reduction,  owing  to  the  transference  of  no  fewer  than  82,  which 
illustrated  the  structure  of  the  Primary  Tissues,  to  the  "  Genera!  Phy- 
siology." But  as  many  as  46  new  ones  have  been  introduced,  in  addi- 
tion to  those  which  previously  illustrated  the  subjects  treated-of  in  the 
present  volume;  these  having  been  for  the  moat  part  drawn  from  the 
*'  Mikroakopische  Anatomie"  of  Prof.  Kolliker,  and  from  the  new  edition 
of  Prof.  Wagner's  **  Icones  Phys^iolDgicje'*  now  being  brought-out  under 
the  able  superintendence  of  Pruf.  Ecker,' 

'  It  is  the  Author's  ambition  to  produce,  when  his  wther  engagements  miijr  permit, 
a  Hunilar  original  work,  tliut  ehall  do  tike  credit,  he  trut^ts,  to  British  Science.  For 
tli«  present,  however,  all  his  dli»pi>9tiWe  time  must  be  given  to  the  oomplt»tif)n  of  cer- 
tain litcrurj  undtrtakings,  amimg  whiu-h  the  "(jencrnl  Physiology"  will  riglntiy  cWiitn 
bia  early  attention;  and  to  prepnring  for  publication  a  Bertes  of  original  researches 
in  anuther  deportment  of  Biological  Science,  on  which  he  has  been  fur  some  time 
engaged. 


xu 


PREFACE    TO    THE    NEW    EDITION. 


The  Author  trusts  that  it  will  be  apparent,  from  the  foregoing  btiid- 
mary,  that  he  has  spared  no  pains  to  render  the  present  Edition  worthy 
of  the  favourable  reccptifm  which  has  been  accorded  to  its  prcdeoeBSors. 
In  making  his  selection  from  the  vast  mass  of  results  which  have  been 
recently  accumulated  by  the  diligent  labours  of  Physiologiats  of  various 
countries,  he  has  been  guided  by  the  principle  which  he  had  previously 
expressed  on  several  occasions : — that,  namely,  of  not  rashly  introducing 
changes  inponsistent  with  usually-received  views  ;  — -  nor,  on  the  other 
hand,  showing  an  unwillingness  to  adopt  the  statements  of  those  who 
have  taken  adequate  pains  to  arrive  at  accurate  conclusions.  "  lie  trusts 
that  he  may  be  found"  — now,  as  then  —  "to  have  exercised  a  sound 
discretion,  as  to  both  what  he  has  admitted,  and  what  he  has  rejected  j 
and  that  his  work  will  appear  to  exhibit,  on  the  whole,  a  faithful  reflec- 
tion of  the  present  aspect  of  Physiological  Science.  He  cannot  venture 
to  expect,  however,  that  ho  has  succeeded  in  every  instance,  so  that  each 
of  his  readers  will  be  in  constant  agreement  with  him;  since  it  is  im- 
possible that  they  should  all  survey  the  subject  from  the  same  point 
of  view." 

In  conclusion,  the  Author  would  repeat  the  remark  with  which  he 
brought  to  a  close  the  Preface  to  the  first  Edition  (1842) :  —  "  that  in 
a  work  involving  many  details,  it  is  not  to  he  expected  that  no  error 
should  have  crept-in ;  but  that  he  has  endeavoured  to  secure  correctness, 
by  relying  only  upon  such  authorities  as  appeared  to  him  competent, 
and  by  comparing  their  statements  with  such  general  principles  as  he  con- 
sidered well  established.  For  the  truth  of  those  principles  he  holds  himself 
responsible ;  for  the  correctness  of  the  details,  he  must  appeal  to  those 
from  whom  they  are  derived,  and  to  whom  he  has  generally  referred. 
He  hopes  that  ho  may  not  be  found  unwilling  to  modify  either,  when 
they  have  been  proved  to  bo  erroneous ;  nor  indisposed  to  profit  by 
criticism,  when  administered  in  a  friendly  spirit." 


Unitersitt  Hali^  London,  March,  1855. 
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EXPLANATION    OF  PLATES. 


PLATE   I. 


1.  Spermatoioa  of  Man;  a,  viewed  on  the  surface;  b,  Ttewed  eageirays  (|  848). 

2.  VeBicles  of  erolution  from  the  seminal  fluid  of  the  Dog;  a,  b,  o,  single  yesiclea  of 

different  Biies;  d,  aingl*  Teside  witlila  its  parent-oell ;  b,  parent-cell  eaoloaing 
BOTCQ  yesiolea  of  eTolation  (J  844). 

8.  DtYelopment  of  Spermatoioa  within  the  Tesiclea  of  evolution ;  a.  d,  Tesicles  contain^ 
ing  Epermatotoa  in  process  of  formation;  c,  d,  spermatoioa  escaping  from  the 
Teaicles  (J  844). 
[The  three  preceding  figures  are  after  Wagner  and   Lenckardt  ("Cjrclop.  of 
^Anatomy  and  Physiology,"  Art  •  Semen  ').] 

4.  Thin  slice  of  the  OTarium  of  a  Sow  three  weeka  old,  showing  the  Graafian  vesiclea  or 
OTisaca  imbedded  in  a  fibro-cellular  stroma.  The  ovisacs  are  filled  with  cells, 
in  the  midst  of  which  one  large  one  may  be  specially  uliijtinguiHhed ;  this,  which 
ia  tke  germinat  vesicle,  is  aurrounded  by  minute  granules,  which  constitute  the 
firat  indication  of  »he  yolk  (J  &50), 

6.  Omm  of  a  Rabbit,  showing  the  viteiliue  mass  almost  entirely  converted  into  distinct 
eella,  of  which  tljoae  at  Che  surface  are  premised  against  each  other  and  against 
the  zona  pelluoida,  so  as  to  assume  a  hexagonal  form.  The  dark  portion  con- 
eisls  of  a  mass  of  vitelline  spheres,  which  has  not  undergone  this  conversion 
(3  888). 

6.  Ovum  of  the  Rabbit,  seven  days  after  impregnation,  viewed  on  a  black  ground.     The 

outer  membrane  is  the  chorion,  on  which  are  seen  incipient  villosities.  Withia 
this  ia  the  bUutodn-mie  veticU,  at  the  summit  of  which  ia  the  projection  formed 
by  the  area  germinativa  f  and  from  this,  the  mucous  layer  of  the  germinal  mem- 
brane is  seen  to  eitend  over  aboat  one-third  of  the  surface  of  the  contained  yolk 
a  888). 

7.  Portion  of  the  germinal  membrane,  taken  ftom  the  area  fftrminativa,  to  show  the  two 

layers  of  which  it  is  composed ;  the  uroiu,  or  animal  layer,  is  turned  back,  so 
as  to  show  the  mucom  or  vegetative  layer  in  liiu.  In  the  latter  is  seen  the  print' 
(ive  trace  (J  888), 

8.  Portion  of  the  ierouM  layer  of  the  gormiaal  membrane,  highly  magnified ;  showing  that 

it  is  made-up  of  nucleated  celb,  uniled  by  intercellular  substance,  and  filled 
with  minute  molecules  (J  888). 

9.  PortloD  of  the  mucom  layer  of  the  germinal  membrane,  highly  magnified ;  ahowiag 

that  it  is  made-up  of  cells,  whose  bonlers  are  more  distinct  and  more  closely 

applied  to  each  other  than  those  of  the  serous  layer,  and  whose  contents  are 

more  transparent  [I  S88). 

£Tbe   six   preceding   figures  are  after   Bisohoff  ("Entwiokeltingsgeschichte  der 

Baugethiere,"  &o.  (1812),  —  "des  Kaninchen-eiea  "  (1842),  —  "des  Hunde- 

eies"  (1845).] 

(xix) 


ex  EXPLANATION    OF    FLATBS. 

no. 

10.  Gravid  Uterus  of  a  Woman  vho  bad  committed  saicide  in  the  eerenth  week  of  preg* 
nancy,  laid  open ;  a,  os  ateri  internum ;  b,  eavitj  of  the  oerriz ;  e,  e,  e,  e,  the  foor 
flaps  of  the  body  of  the  ntems  turned  back ;  cf,  </,  d,  inner  surface  of  uterine 
decidua ;  e,  e,  decidoa  reflexa ;  /,  /,  external  Tillons  surfiiee  of  the  chorion :  ^, 
iDternal  surface  of  th»  chorion ;  h,  amnion ;  i,  umbilical  vesicle ;  k,  nmbilicMd 
cord ;  I,  embryo ;  m,  space  between  chorion  and  amnion  (H  862-864,  and  890^ 
891 .)     [After  Wagner  ("  loones  Phydologion  ").] 


PLATE  II. 

11.  Uterine  Ovum  of  Rabbit,  showing  the  Area  Pelluclda,  with  the  primitiTe  tx«M 

(2  889). 

12.  More  advanced  Ovum,  showing  the  incipient  formation  of  the  Vertebral  otdaBB, 

and  the  dilatation  of  the  primitive  groove  at  its  anterior  extremity  ({  889). 

13.  More  advanced  Embryo,  seen  on  its  ventral  side,  and  showing  the  first  development 

of  the  Circulating  apparatus.  Around  the  Vascular  Area  is  shown  the  tenmnal 
sinus,  a,  a,  a.  The  blood  returns  from  this  by  two  superior  branches,  b,  b,  and 
tvro  inferior,  c,  e,  of  the  ompbalo-mesenteric  veins,  to  the  heart,  d{  which  is,  at 
this  period,  a  tube  carved  on  itself,  and  presenting  the  flnt  IndioAlioa  of  a 
divisionjnto  cavities.  The  two  aortic  trunks  appear,  in  the  abdoafBil  tt^gM, 
as  the  inferior  vertebral  arteries,  e,  e;  from  which  are  given-off  the  omphal»- 
mesenteric  arteries,  /,  /,  which  form  a  network  that  distributes  tiie  blood  ovar 
the  vascular  area.  In  the  cephalic  region  are  seen  the  anterior  oerebnl ' 
oles,  with  the  two  ocular  vesicles,  g  (§{  890,  892). 
[The  three  preceding  figures  are  from  the  works  of  Bisohoff  previously  cited  ] 
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HUMAN    PHYSIOLOGY. 


CHAPTER  I. 

OP  THE    DISTINCTIVE    CHARACTERISTICS    OP   MAN. 

1.  By  Ciivlcr  and  nearlj  all  modem  Zoolaofists,  the  various  races  of  Mankind 
are  included  under  one  genua,  Homo;  and  this  genua  takes  rank,  in  tlie  classi- 
fication of  Mammalia,  as  a  distinct  order,  Bimana,  of  wliicb  it  is  tbc  solo 
representative.  Of  all  the  characters  which  distinguish  Man  from  the  inferior 
Mammalia,  the  possession  of  tico  haiuh  is  doubtless  the  moat  easily  recognized, 
and  at  the  same  time  the  most  iutiraatelj  related  to  the  general  organization  of 
the  body;  and  there  is  none,  therefore,  which  could  be  more  appropriately  se- 
lected aa  the  basis  of  a  distinctive  designation  of  this  order.  At  first  sight  it 
might  be  conaidered  that  the  possession  of  only  tico  hands,  whilst  Apes  and 
Monkeys  and  their  allies  are  designated  as  possessing  /our^  is  a  character  of  in- 
feriority :  but  such  18  not  really  the  cai"e;  for  none  of  these  four  hands  are 
adapted  to  the  variety  of  actions  of  which  those  of  man  are  capable,  and  they 
are  all  in  some  degree  required  for  a  support  j  so  that  whilst  in  the  higher  foruia 
of  the  Quadrumanous  order,  the  extremities  present  a  certain  approximation  in 
structure  to  those  of  Man,  in  the  lower  thej  gradually  assimilate  to  the  ordinary 
quadrupedal  type.      "That,"  says  Cuvier,  "which  constitutes  the  handf  pro- 

Fio.  1. 


Hand  of  Man,  compared  with  antsiior  extremily  of  Orang. 

perly  so  called,  is  the  faculty  of  opposing  the  thumb  to  the  other  fingers,  so  as 
to  seize  upon  the  most  minute  objects;  a  faculty  which  is  carried  to  it<i  higlii\*»r 
degree  of  porfection  in  Man,  in  whom  the  whole  anterior  extretuity  is  free,  and 
3  (33) 
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can  be  employed  io  prehension."  The  peculiar  prehensile  power  poesessed  by 
Man,  is  chiefly  dependent  upon  the  size  and  power  of  the  thumb;  which  is 
more  developed  in  him,  than  it  is  in  the  highest  Apoa  (Fig.  1).  The  thumb  of 
the  Human  band  can  be  brought  in  exact  opposition  to  the  extremitice  of  all  the 
fingers,  whether  Kingly  or  in  combination ;  whilst  in  those  Quadrumana  which 
most  nearly  approach  man,  the  thumb  is  so  short,  and  the  finpcers  so  much  elon- 
gated, tbat  their  tips  can  scarcely  be  brought  into  opposition;  and  the  thumb 
and  fingers  are  so  weak,  that  they  can  never  be  opposed  to  each  other  with  any 
degree  of  force.  Hence,  although  well  suited  to  cling  round  bodies  of  a  certain 
size,  such  as  the  small  branches  of  trees,  &c.,  the  estrcinities  of  the  Quadru- 
mana can  neither  seize  very  minute  objects  with  such  precision,  nor  support  large 
ones  with  such  Srmness,  as  are  essential  to  the  dexterous  performance  of  &  vari- 
ety of  operations,  for  which  the  hand  of  Man  is  admirably  adapted.  There  ia 
much  truth,  then,  in  Sir  C.  Bell's  rcmart,  that  "  we  ought  to  define  the  band 
as  belonging  exclusively  to  Man."  There  is  in  him,  what  we  observe  in  none 
of  the  Mammalia  which  approach  hira  in  other  respects,  a  complete  di^tinctioQ 
iu  the  funclional  character  of  the  anterior  and  posterior  extremities ;  the  former 
being  adapted  for  prehension  alone,  and  the  latter  for  support  and  progression 
alone*,  and  thus  each  function  is  performed  in  a  much  higher  degree  of  perfec- 
tion, than  it  can  be  wben  two  such  opposite  purposes  have  to  be  united.  For 
not  only  is  the  hand  of  Man  a  much  more  perfect  prehensile  iDStrument  than 
that  of  the  Orang  or  Chimpanzee,  but  his  faot  is  a  much  more  perfect  organ  of 
support  and  progression  than  theirs,  being  adapted  to  maintain  his  body  in  an 
erect  position,  alike  during  rest  and  whilst  in  motion  (§  5);  an  attitude  which 
even  the  most  anthropoid  apes  can  only  sustain  for  a  short  lime,  and  with  an 
obvious  effort.  The  arm  of  the  higher  Apes  has  as  wide  a  range  of  motion  as 
that  of  Man,  so  fur  as  its  articulation  is  concerned;  but  it  is  only  when  the 
animal  is  in  the  erect  attitude,  that  the  limb  can  have  free  play.  Thus  the 
structure  of  the  whole  frame  must  be  conformable  to  that  of  the  hand,  in  the 
way  that  we  find  it  to  be  in  Man,  in  order  that  this  organ  may  be  advantageously 
applied  to  the  purposes  which  it  is  adapted  to  perform.  But  it  cannot  be  said 
with  truth  (us  some  have  maintained)  that  Man  owes  his  superiority  to  his  hand 
alone;  fur  without  the  mind  by  which  it  is  directed,  and  the  tenses  by  which 
it-3  operations  are  guided >  it  would  be  a  comparatively  valueless  instrument. 
Man's  elevated  position  i»  due  to  the  superiority  of  his  mind  and  of  its  material 
instruments  conjointly;  for  if  destitute  of  cither,  the  human  race  must  be 
apeedily  extinguished  altogether,  or  reduced  to  a  very  subordinate  grade  of  er- 
ietence. 

2,  The  next  seriea  of  characters  to  be  considered,  are  those  by  which  Man 
is  adapted  to  the  erect  attitude. — On  examining  his  crunium^  we  remark  that 
the  occipital  condyles  are  so  placed,  that  a  perpendicular  dropped  from  the 
centre  of  gravity  of  the  head  would  nearly  fall  between  them,  so  as  to  be  within 
the  base  on  which  it  rests  upon  the  spinal  column.  The  foramen  magnum  13 
not  placed  in  the  centre  of  the  base  of  the  skull,  but  just  behind  it;  so  that 
the  greater  specific  gravity  of  the  posterior  part  of  the  head,  which  is  entirely 
filled  with  solid  matter,  is  compensated  by  the  greater  length  of  the  anterior  part, 
which  contains  many  cavities,  There  is,  indeed,  a  little  over-compensation, 
which  gives  a  slight  preponderance  to  the  front  of  the  head,  po  that  it  drops 
forwards  and  downwards  when  uil  the  muscles  are  relaxed ;  but  the  muscles 
which  are  attached  to  the  back  of  the  head  are  far  larger  and  more  numerous 
than  those  in  front  of  the  condyles,  bo  that  they  are  evidently  intended  to  coun- 
teract this  disposition  ;  and  wc  find,  accordingly,  that  we  can  keep  up  the  head 
for  the  whole  d.iy.  with  so  slight  and  involuntary  an  effort,  that  no  fatigue  ia 
produced  by  it.  Moreover,  the  plane  of  the  foramen  magnum,  aud  the  surfaces 
of  the  condyles,  have  a  nearly  horizontal  direction  when  the  Ijewd  is  upright; 
and  thus  the  weight  of  the  skull  i&  laid  vertically  upon  the  top  of  the  vertebral 
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column.  —  If  these  arratifrements  be  compared  with  those  which  prevail  in  other 
MiiEDmnlia,  it  will  be  found  that  the  fonitnen  and  condyles  are  plnced  in  the 
latter  rum-h  nearer  the  back  of  the  head,  and  that  their  plane  is  more  oblique. 
Thus,  whilst  the  foramen  mafjnum  ia  situated,  in  Man,  just  behind  the  centre  of 
the  base  of  the  skull,  it  is  found,  in  the  Chimpanzee  and  Orang  Outan,  to  oc- 
cupj  the  middle  of  the  posterior  third  (Fig.  2) ;  aud,  as  we  descend  through 
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View  of  the  ba«e  of  the  Blcujl  of  ffan,  comparod  with  iliAt  of  the  Oraug  Outan, 


the  scale  of  Mammalia,  we  observe  that  it  gradually  ajftroaches  the  hack  of  the 
skull,  and  at  last  comes  nearly  into  the  line  of  its  longest  diameter,  as  we  see 
in  the  Hursc.  Again,  in  all  Mammalia,  except  Man,  the  plane  of  the  condyles 
i.s  oblique,  bo  that,  even  if  the  head  were  equally  biilanced  upon  them,  the  fores 
of  gravity  would  tend  to  carry  it  forwards  and  downwards;  m  Man,  the  angle 
whinL^h  they  make  with  the  horizon  is  very  small;  in  the  Orauf^  Outan,  it  ia  as 
much  as  37° ;  and  in  the  Horse,  their  plane  ia  verticaU  making  the  angle  90°. 
If,  therefore,  the  natural  posture  of  Man  were  horizontal,  the  plane  of  his  con> 
d)les  would  be  brought,  like  that  of  the  Horse,  into  the  vertical  position ;  and 
the  head,  ini^tead  of  being  nearly  balanced  on  the  summit  of  the  vcrtcbml 
column,  would  hang  at  the  end  of  the  neck,  so  that  its  whole  weight  would 
have  to  be  suppurl^^d  by  some  external  and  constantly-acting  power.  But  fnr 
this,  there  is  neither  in  the  skeleton,  the  li^mentoua  apparatujH,  nor  the  mus- 
cular system  of  Man,  any  adequate  provision;  eo  that  in  any  other  than  the 
vertical  position,  his  head,  which  is  relatively  heavier  than  that  of  moat  Mara- 
niatia,  would  bo  supported  with  more  difficulty  and  effort  than  it  is  in  any  other 
animal.  [The  attention  of  naturaliats  \\&a  been  drawn,  by  Dr.  J.  Neill,'  to  a 
peculiar  formation  of  the  condyloid  processes  of  the  occiput  which  has  not  been 
ordinarily  described  j  and,  although  the  nuraber  of  observations  haa  not  been 
sufficiently  great  to  justify  a  determinate  conclusion,  enough  baa  been  done  to 
prove  its  existence  in  a  j^reat  number  of  cases.  The  condyloid  processes  have 
been  described  as  oblnng  and  converging  emiuencea  on  each  side  of  the  anterior 
semi-circumference  of  the  foramen  magnum  occipitis,  leaving  smooth  and  convex 
Kurfaces  for  articulating  with  the  atlaSr  the  internal  margins  of  which  are  deeper 
than  the  external,  with  a  roughness  on  the  inside  and  a  depression  on  the  outside 
for  the  attachment  of  ligaments. 

According  to  the  observation  of  Dr.  Neill,  this  description  will  be  found  defi- 
dent,  with  regard  to  a  striking  peculiarity.     In  some  instances  the  articulating 
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Upon  examination  of  a  large  number  of  crania,  in  probably  the  largest  collec- 
tion in  the  world,  that  of  the  late  Dr.  Morton,  it  wai«  found  to  occur  most  fre- 
r|uently  in  the  African  variety,  thirty  out  of  eighty-one  presetitinp:  it;  tchilst  in 
the  Caucasian  varieties  only  four  out  of  one  hundred  and  twenty-6ve  showed  it. 
It  appears  from  this  enumerattim,  that  the  feature  occurs  more  fref^uently  in  the 
African  race  than  in  either  the  Caucasian,  Mongolian,  or  aboriginal  American, 
ppeciiuens  from  each  of  wbich  were  carefully  examined ;  and  the  results  were  more 
striking  when  the  old  hnidB  were  eieludcd,  in  which  friction  had  rendered  the 
condyloid  processes  flat  and  smooth. 

Dr.  Neil  I  proposes  this  obserratinn  in  illustration  of  a  law  developed  by  Pro- 
fessor Agnssiz,  '*  that,  in  the  different  formations  through  wbich  animals  pass, 
firom  iho  first  formation  in  tho  embryo  up  to  the  full-grown  condition,  may  be 
found  a  natural  scale  by  which  to  measure  and  estimate  the  position  to  ascribe  to 
any  animal." 

In  the  fecial  head  the  occiput  consists  of  four  pieces.  The  first  piece,  or  basi- 
occipilal  hone  of  Owen,  is  separated  from  the  two  lateral  portions  by  a  fissure 
running  through  the  condyles;  this  piece  remains  permanently  separated  in  the 
cold-Llooded  vcrtebrata,  and  in  tho  African  head,  also,  the  basi-oceipital  bone  is 
frequently  retained.  This  apparently  undeveloped  state  of  the  occipital  bone  is 
regarded  by  the  observer  as  expressive  of  the  poaition  of  the  African  in  the  human 
family.  —  Ed.} 

8.  The  position  of  theyace  iraroediately  beneath  the  brain,  so  that  its  front  is 
nearly  in  the  same  plane  as  the  forehead,  is  peculiarly  chamctcrislic  of  Man  ;  for 
the  crania  of  the  Chimpanzee  and  Orang,  which  approach  nearest  to  that  of  Man, 
are  rather  posterior  to,  than  above,  the  face  (Figs.  5,  G),  The  projection  of  the 
muzzle,  taken  in  connection  with  the  obliquity  of  the  condyles,  is  another  evi- 
dence of  waut  of  perfect  adaptation  to  tho  erect  posture  ;  whilst  tho  absence  of 
prominence  in  the  fuce  of  Man  shows  that  none  but  the  erect  position  can  he 
natural  to  him.  For  supposing  that,  with  a  bead  formed  and  situated  as  at  pre- 
sent, he  were  to  move  on  afl-fours,  his  fuco  would  be  brought  into  a  plane  parallel 
with  the  ground;  so  that  as  painful  an  effort  would  be  required  to  eiauiine  with 
the  eyes  an  object  placed  in  front  of  the  body,  as  is  now  necessary  to  keep  the 
eyes  lixod  on  the  zenith  j  the  noso  would  then  be  incapacitated  for  receiving  any 
other  odorous  emanations  than  those  proceeding  from  the  earth  or  from  the  body 
itself;  and  the  tnouth  could  not  touch  the  ground,  without  bringing  the  forehiad 
and  chin  also  into  confcict  with  it.     The  tion  of  the  condyles  in  the 
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Qua^ramaDa  enables  tbem,  without  maoh  difficulty,  to  adapt  tlie  incliiiatioa  of 
tbeir  bead;*  either  to  the  Jriori/iontal  or  to  the  erect  posture  ;  but  the  natural  posi- 
tiuti,  in  the  highest  among  them,  ia  uoquestionably  one  in  which  the  spioul 
column  is  inclined,  the  body  being  partially  thrown  forwards,  bo  as  to  rent  upon 
the  anterior  extretnitiea;  and  Id  tbifl  pofiitiun  the  face  is  directed  forward  without 
any  effort,  owing  to  the  mode  iti  which  the  bead  is  obliquely  articulated  with  the 
spine  (Fig.  5). 
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Bkeleton  of  Oorilla. 


4.  The  vertebral  column  ia  Man,  although  not  absolutely  straij^bt,  has  ha 
curves  80  arranped,  that,  when  the  body  is  in  an  erect  posture,  aveftical  line  from 
its  summit  would  fall  exactly  on  the  centre  of  its  base.  It  increases  considerably 
in  size  ia  the  lumbar  region,  m  as  to  be  altogether  somewhat  pyrainiilril  in  form. 
The  lumbar  portion,  in  the  Chimpanzee  and  Orang,  is  not  of  the  same  propor- 
tional strength ;  and  contains  but  four  vertebne,  instead  of  five.  The  processes 
for  the  attachment  of  the  dorso-epinal  musclea  to  this  part,  are  peculiarly  large 
and  BtroDg  in  Mauj  atid  this  arrangement  is  obviuurjly  adapted  to  overcome  the 


k 


DIBTINCTIYB  CH  A  R  A  0TBRI8TIC8  OF  MAN.      W 

weifjlit  of  the  body  is  tranjimitted  almost  vertically  from  the  top  of  the  sacmra  to 
the  upper  part  of  the  thigh-bones.  The  polvis  of  the  anthropoid  Apes  is  very 
differently  constructed;  as  will  bo  seen  in  Fig.  0,  in  which  the  alieleton  of  the 
Oranj^  is  placed  in  proximity  with  that  of  Man.  It  is  much  Iar<rerand  narrower; 
its  alas  extend  upwanls  rather  than  outwarda>so  that  the  space  between  the  lowest 
ribs  and  the  crest  of  the  iliac  bonea  is  much  Jpsa  than  in  5lan  ;  their  aurfiicea  are 
nearly  parallel  to  that  of  the  aacrura,  which  in  itself  longer  and  narrower  j  and  the 
axis  of  the  pelvis  is  nearly  parallel  with  that  of  the  vertebral  column.  The  posi- 
tion  of  the  Human  feuiur,  in  which  ita  head  is  most  securely  retained  iu  its  deep 
acetabulum,  vb  that  which  it  has  when  supporting  the  body  in  the  erect  attitude  y 
in  the  Chiropaazee  and  Orang,  its  analogous  position  is  at  an  oblirjue  angle  to  the 
long  axis  of  the  pelvis,  so  that  tbe  body  leans  forwards  in  front  of  it ;  in  many 
Mammalia,  as  in  tbe  Elephant,  it  forms  nearly  a  right  angle  with  the  vertebral 
column;  and  in  several  others,  as  tbe  Horse,  Ox,  kc,  the  angle  which  it  makca 
with  the  axis  of  the  pelvis  and  vertebral  column  h  acute.  In  this  respeel,  then, 
tbe  skeleton  of  Man  presents  an  adaptation  to  the  erect  posture,  which  ia  exhibited 
by  that  of  no  other  Mammal. 

5.  The  tower  extremities  of  Man  are  remarkable  for  their  length  ;  which  is  pro- 
portionably  greater  than  that  which  we  find  in  any  other  Mammalia^  except  the 
Kangaroo  tribe.  The  chief  difference  in  their  proportional  length,  between  Mau 
and  the  semi-erect  Apes,  is  seen  in  the  thigh  ;  and  it  is  from  the  relative  leugth 
of  this  part  in  him,  as  well  as  from  the  comparative  ehortness  of  his  anterior 
eitromitiesj  that  his  banda  only  reach  the  middle  of  his  thighs,  whilt*t,  in  th© 
Chimpanzee  they  hang  on  a  level  with  the  knees  (Fig,  5),  and  in  the  Orang  they 
descend  to  the  ankles  (F'g-  S).  The  Human  femur  is  distinguished  by  its  form 
and  position,  as  well  as  by  its  length.  The  obliquity  and  length  of  its  nock  still 
furiher  increase  the  breadth  of  the  hips;  whilst  they  cause  the  lower  extremities 
of  the  femora  to  be  gomewhat  obliquely  directed  towards  each  other,  so  that  the 
knees  are  brought  more  into  the  line  of  the  axis  of  the  body.  This  arrangeiuent 
is  obviously  of  great  use  in  facilitating  the  purely  l/i'pfd  progression  of  Jlun,  in 
which  the  entire  weight  of  the  body  bus  to  be  alternately  supported  on  each  limbj 
for  if  the  knees  had  been  kept  further  apart,  the  whole  body  must  have  been 
swung  from  side  to  side  at  each  step,  so  as  to  bring  the  centre  of  gravity  over  the 
top  of  each  tibia;  as  ia  seen  to  a  certain  extent  in  the  female  sex,  whose  walk, 
owing  to  the  greater  breadth  of  the  pelvt.s  and  the  separation  between  the  knees, 
is  less  steady  than  that  of  the  male.  There  is  a  very  marked  contrast  between 
tbe  knee-joint  of  Man,  and  that  of  even  the  highest  Apes.  In  the  former,  the 
opposed  extremities  of  tbe  femur  and  the  tibia  are  expandcfl,  so  as  to  present  a 
very  broad  articulating  surface ;  and  the  internal  condyle  of  the  femur  being  the 
longer  of  the  two,  they  are  in  the  same  horiEontal  plane  in  the  usual  obli([ue  posi- 
tion of  that  bone;  so  that  by  this  arrangement,  the  whole  weight  of  the  body,  in 
its  erect  posture,  falls  vertically  on  tbe  top  of  the  tibia,  when  the  joint  is  in  the 
firmest  position  in  which  it  can  be  placed.  The  knee-joint  of  the  Orang,  on  the 
other  hand,  is  comparatively  deficient  in  extent  of  articulating  surface;  atid  its 
whole  conformation  indicates  that  it  is  not  intended  to  serve  as  more  than  a  par- 
tial support, — Tho  human  ftxit  is,  in  proportion  to  the  size  of  tbe  whole  body, 
larger,  broader,  aud  stronger,  than  that  of  ony  other  Mammal  save  the  Kanguruo, 
Its  plane  is  directed  at  right  angles  to  that  of  the  leg ;  and  its  sole  is  concave,  no 
that  the  weight  of  the  body  fulls  on  the  summit  of  an  arch,  of  which  the  os  caluis 
and  the  metatarsal  bones  form  the  two  points  of  support.  This  arched  form  of 
tbe  foot,  and  the  natural  contact  of  the  os  calcis  with  the  ground,  arc  peculiar  to 
Man  alone.  All  the  Apes  have  tbe  os  calcis  small,  straight,  and  more  or  less 
raised  from  the  ground ;  which  they  touch,  when  standing  erect,  with  the  outer 
side  only  of  the  foot :  whilst  in  animals  more  remote  from  Man,  tbe  os  oalcis  is 
brought  still  more  into  the  line  of  the  tibia ;  and  the  foot  being  more  elongated 
and  narrowed,  only  the  extremities  of  the  toes  come  in  contact  with  tbe  ground. 
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Hence  Man  is  the  only  species  of  Maimnal  which  can  stand  upon  one  leg.  All 
the  points  in  which  the  feet  of  the  anthropoid  Apes  differ  from  his,  are  such  as 
assiniilate  them  to  tho  manual  type  of  coafortnation,  and  enable  them  to  Berve  as 
more  efficient  prehensile  organs;  whilst  they  diminish  their  capacity  to  sustaio 
the  treight  of  the  body,  whco  it  simply  resta  upon  them  (Fig.  7). 
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Foot  o{  Man,  oompored  with  poiterior  cxtremttj  of  Orang. 

5.  There  ia  a  considerable  difference  in  the  form  of  the  trunk,  between  Ufao 
Eirid  most  other  Mamiuulia;  for  his  thorax  is  expanded  laterally,  and  flattened  ia 
Front,  80  as  to  prevent  the  centre  of  gravity  from  being  carried  too  lar  forwards ; 
and  his  ate  mum  is  short  and  broad.  Between  the  bony  walls  of  tbe  thorax  and 
ihe  margin  of  the  pclvisj  a  coriaiderable  space  intervenes,  which  ia  occupied  solely 
by  DQUBcles  and  tegu  mi  en  tary  membranes  j  and  these  would  be  (juite  insufficient 
to  sustain  the  weight  of  the  viscera,  if  the  habitual  position  of  tbe  trunk  bad  been 
horizontal. — In  these  particulurs,  however,  the  most  anthropoid  Apes  agree  more 
or  ]««8  completely  with  Man. 

7.  Returning  now  to  the  tkuU  for  a  more  minute  examination,  we  observe  that 
the  cranium  of  Man  ia  distinguished  from  that  of  the  anthropoid  Apes,  not  merely 
by  its  great  capacity,  but  also  by  its  Bmoothuess ;  its  surface  being  almost  entirely 
deficient  in  those  ridges  for  tbe  attachment  of  muscles,  which  are  rt'markably 
Rtroag  in  both  the  Chimpanzee  and  tbe  Orang,  and  which  impart  to  itis  configu- 
nitioQ  somewhat  of  a  carnivorous  character,  Tbia  aspect  is  strengthened  by  tbe 
great  depth  of  the  temporal  fossa,  and  by  the  extent  and  strength  of  the  zygo- 
matic arch;  features  that  are  most  remarkably  developed  in  tbe  Tnnjlw/ytes 
tjoriiki,  a  newly-discovered  species  of  Chimpanzee,  which  is  regarded  by  Prof. 
Uwen  as  presenting  on  the  whole  the  ncnrest  approach  to  the  human  type 
(Fig-  5).  Moreover,  the  jaws  in  even  the  mo.st  degraded  races  of  Man  project 
far  less  from  the  general  plane  of  the  face,  than  they  do  in  the  Apes;  and  his 
feeth  are  arranged  iu  a  continuous  series,  without  any  hiatus  or  any  considerable 
difference  in  length :  whilst  all  the  Apes,  in  their  adult  state  at  least,  are  fur- 
nished with  canine  teeth  of  extraordinary  length,  between  the  sockets  of  which 
and  those  of  the  adjoining  teeth  (anteriorly  in  the  upper  jaw,  and  posteriorly  in 
the  lower),  there  is  a  vacant  space  or  diastema.  Even  in  tbe  most  prognatboua 
Human  skulls,  moreover,  the  incisors  meet  each  other  much  more  nearly  in  the 
same  axis,  than  they  do  in  tbe  anthropoid  Apes,  iu  which  they  form  an  angle 
with  each  other  that  is  not  nearly  so  divi'rgent.  The  fusion  of  the  intermaxillary 
or  prcmaxillary  bones  with  the  superior  maxillary,  at  an  early  period  of  ftt'tal  life, 
is  a  remarkable  cbaraetcr  of  the  B  UH)  A3  distinguishing  it  from  that 
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of  tlie  Apea,  in  Kbich  the  intermaxiilary  bones  remain  separate  to  a  mncli  later 
period ;  sometimes  differing  also,  io  a  very  marked  degree,  in  size  and  ubapd. 
Thua  in  the  Troglotiiftai  (jorilht,  these  bones  are  not  only  reniarkuble  for  tbeir 
prominence,  but  also  fur  their  upward  extension  round  tbc  nogtrib,  so  that  ibcy 
completely  exclude  the  maxillary  bones  from  their  bonlera,  and  form  the  basis  of 
Rup^jort  for  the  nasal  bones;  and  although  they  couk'sce  with  the  maxillaries  at 
and  near  the  alveolar  portion,  they  remain  separate  elsewhere.  The  lower  jaw  of 
Alan  ia  remarkable  for  that  prominence  at  its  s^'mphysis,  which  forms  the  chin  j 
and  although  this,  also,  is  least  developed  in  the  most  prognathous  human  cranijij 
yet  it  is  never  so  deficient  aa  tt  is  in  the  lower  Jaw  of  the  Chimpanzee  and  Orang. 
—  It  ia  curious  to  ob8er\'e  that  the  skulls  of  the  j/oumj  of  Man  and  of  the  anthro- 
poid Apes  resemble  one  another  mnch  more  than  do  those  of  the  adults;  each 
tendfng  to  diverge,  in  its  advance  towards  full  development,  from  a  type  which 
seemed  almost  similar  in  both  (Figs.  8,  9,  10^.     It  is  at  the  time  of  the  second 
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Tertioal  Motion  of  Skull  of  Adult  Orang.  Verticai  Mction  of  SkoU  of  Tom»g  Orang. 

FiQ.  10. 


Terlioal  seetioa  of  fiknll  at  Papttan  Negrito, 

dentition,  that  the  muzzle  of  the  anthropoid  Apes  acquires  its  peculiar  elon^tion, 
and  consequent  projection  in  front  of  the  forehead  (Fipa  2,  8) ;  and  the  whole 
cast  of  the  features  is  altered  at  the  same  time,  so  that  it  approaches  much  raoro 
to  that  of  the  lower  Quadrumana,  than  would  be  supposed  from  nbRorvation  of 
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the  young  SDiinal  only.'  Tn  tUe  IXaman  subject,  on  the  other  hand,  we  see  that 
in  the  advance  from  childhood  to  adult  age,  there  ia  a  progressive  eDhirgemeDt 
of  the  fitee,  in  proportion  to  the  capacity  of  the  cranial  cavity.' 

8.  The  great  size  of  the  cranial  portion  of  the  skull  in  Man,  as  compared  with 
the /aaa/,  produces  a  marked  difference  between  his  "facial  angle,"  and  that  of 
even  the  highest  Quadruraana.  According  to  Camper,  who  first  applied  this 
method  of  measurement,  the  "  facial  angle"  of  the  average  of  European  skulls  is 
SO*^,  whilst  in  the  ideal  heads  of  the  Grecian  gods  it  is  increased  to  90** ;  on  the 
other  band,  in  the  skull  of  a  Kalmuck  bo  found  it  to  be  75*^ ;  and  in  that  of  a 
Negro  only  70° ;  and  applying  the  same  system  of  measurement  to  the  skulls  of 
Apes,  he  found  them  to  range  from  04°  to  60^-  But  these  last  measurements 
were  all  taken  from  young  skulls,  in  which  the  forward  extension  of  the  jaws, 
which  takea  place  on  the  second  dentition,  had  not  yet  occurred.  In  the  adult 
Cbirapansiee,  as  Prof.  Owen  has  shown,  the  "facial  angle"  (Figs.  8,  9,  10,  aop), 
is  DO  more  than  Zb°,  and  in  the  adult  Orang  only  30°;  so  that  instead  of  the 
Negro  being  nearer  to  the  Ape  than  to  the  European,  as  Camper's  estimate  would 
make  him,  the  interval  between  the  most  degraded  Human  races  and  the  most 
elevated  Quadrumana  is  vastly  greater  than  between  the  highest  and  the  lowest 
forms  of  Humanity.  It  must  be  borao  in  mind  that  the  "facial  angle"  is  so 
much  affected  by  the  degree  of  prominence  of  the  jaws,  that  it  can  never  afford 
any  certain  information  concerning  the  elevation  of  the  forehead  and  the  capacity 
of  the  cranium  j  all  that  it  cxin  in  any  degree  serve  to  indicate,  being  the  relative 
proportion  between  the  facial  and  the  cranial  parts  of  the  skull.  This  proportion 
is  fur  more  correctly  determined,  as  Prof  Owen  has  shown,'  by  vertical  sections 
of  the  skulls  to  be  compared,  through  their  median  planes  (Figs.  8,  9,  10). 

9.  The  most  characteris'tie  peculiarity  of  the  Ilumaa  M^ologt/,  is  the  great 
development  of  those  muscles  of  the  trunk  and  Uiubs  which  contribute  to  the 
main  to  nance  of  the  erect  posture.  Tbua,  the  gustroencmiij^  and  tbo  other  mus- 
cles which  tend  to  keep  tbe  leg  erect  upon  the  foot,  form  a  much  more  prominent 
'calf  than  is  seen  cither  in  the  most  anthropoid  Apes,  or  in  any  other  animal. 
So,  again,  the  extensors  of  the  leg  upon  the  thigh  are  much  more  powerful  than 
the  flexors ;  a  character  which  is  peculiar  to  Man.  The  glutaei,  by  which  the 
pelvis  is  kept  erect  upon  the  thigh,  are  of  far  greater  size  than  is  elsewhere  seen. 
The  superior  power  of  the  muscles  tending  to  draw  the  head  and  spine  backwards 
has  been  already  referred  to.  Among  the  differences  in  the  attachment  of  indi- 
vidual muscles,  it  may  be  noticed  that  the  'flexor  longua  pollicis  pedis'  proceeds 
in,  Man  to  the  great  toe  alone,  on  which  the  weight  of  the  body  is  often  sup- 
ported; whilst  it  is  attached  in  the  Chimpanzee  and  Orang  to  the  three  middle 
toes  aJso.  Tbe  '  latisstmus  dorsi'  ia  destitute  in  Man  of  that  prolongation  attached 
to  the  olecranon,  which  is  found  in  the  lower  Mammalia,  and  which  exists  even 
io  the  Chimpanzee,  probably  giving  assist:ince  in  its  climbing  operations.  Tbe 
larger  size  of  the  muscles  of  the  thumb  is,  as  might  be  expected,  a  characteristic 
of  the  hand  of  Man ;  although  the  number  of  muscles  by  which  that  digit  is 
moved,  is  the  same  in  the  Chimpanzee  as  in  the  Human  subject.  The  existence 
of  the  'extensor  digiti  indicia,'  however,  as  a  distinct  muscle,  is  peculiar  to  Man. 

10.  The  Visceral  apparatus  of  Mon  presents  very  few  characteristic  peculiar- 
ities, by  which  it  can  bo  distinguished  from  that  of  the  higher  Quadrumana; 
among  the  mn.Ht  remarkable  is  the  absence  of  the  laryngeal  pouches,  wliich  exist 
even  in  the  Chimpanzee  and  Orang  Outan,  as  dilatations  of  the  laryngeal  ventri- 

'  None  but  yoang  specimene  of  the  Chimpansee  and  Orang  Outan  huTe  eTorbeen  brought 
ulWe  to  this  country;  and  they  have  aever  long  survived  the  period  of  their  second  den- 
litioD. 

'  See  Prof.  Owen's  Fapert  on  the  Anatomy  of  tbo  Orang  and  Chimpanzee,  in  the  "  Zo- 
otogicul  Trans&ottonH,"  vola.  i.  and  iit. ;  and  Prof.  YroUk  in  the  Art.  Quadntmatta  in  iha 
"  Cyclopicdia  of  Anatomy  and  Physiology,"  voJ.  iv. 

*  '*  Zoological  Tr&nsaotioiu,"  vol.  ii.,  p.  77,  «(  uq. 


DI8TIN0TIY1    OHABAGTBRiaTICS    OP    MAIT. 


48 


cles. — Of  the  anatomy  of  the  last-named  animfils  in  their  adult  condition,  how- 
ever, we  know  aa  yet  too  little  to  enable  its  conformitj  to  that  of  man  to  be  cuu- 
fidently  pronounced  upon. 

11.  The  Brain  of  Man  does  not  differ  so  much  in  conformation  from  that  of 
the  Chiinpatizee  and  Orang,  as  the  superiority  of  his  meuta!  endowments  might 
have  led  us  to  anticipate.  The  foUowin|;  are  the  principal  differencea  which  it 
Bceius  to  present : — 1.  The  mass  of  the  entire  brain  ia  considerably  larger  in  pro- 
portion to  that  of  the  body,  and  in  proportion  also  to  the  diameter  of  the  spinal 
cord  and  of  the  nerrcs  which  are  connected  with  it. — 2.  In  the  external  configu- 
ration of  the  Cerebrum,  we  notice  (hat  its  anterior  lobes  project  further  beyond 
the  Rhinencephalon,  or  Olfactive  Ganglion,  than  they  do  in  the  highest  Quadru- 
mana;  a  difference  which  is  well  marked  in  the  sectional  contour  of  the  brain- 
case,  the  rhincncephalic  fossa  of  the  Orang  (Fig.  8,  r/i)  being  at  its  most  anterior 
part,  whilst  even  in  the  least  elevated  f  >rraa  of  the  Human  skull,  this  fossa,  (of 
which  the  cribriform  plate  of  the  ethmoid  bone  constitutes  the  floor)  has  no  incon- 
siderable part  of  the  cranial  cavity  in  front  of  it  (Fig.  10,  rh). — 3.  The  posterior 
lobes  also  are  more  developed,  so  as  to  project  further  beyond  the  Cerebellum 
than  they  do  in  any  of  the  Quadnimana ;  the  convolutions  are  more  numerous, 
and  the  sulci  are  deeper.  —  4.  On  examioinfi  the  internal  structure,  it  is  found 
that  the  peripheral  layer  of  grey  matti'r  is  tliicker,  the  corpus  callosum  extends 
lurthcr  backwards,  and  the  posterior  cornua  of  the  lateral  ventricles  are  relatively 
longer  and  larger  than  they  are  io  any  Quadrumana. — 5.  The  Cerebellum,  also, 
is  proportionally  larger. 

VI.  The  small  size  of  the  face  of  Man^  compared  with  that  of  the  cranium,  is 
an  indication  that  in  him  the  taises  are  subordinate  to  the  inie,liifjence.  Accord- 
ingly we  find  that,  while  be  is  surpassed  by  many  of  the  lower  anituals  in  aeute- 
ncss  of  sensibility  to  light,  sound,  &c.,  he  stands  pre-eminent  in  the  power  of 
comparing  and  judging  of  faia  sensations,  and  of  drawing  conclusions  from  them 
as  to  their  objective  sources.  Moreover,  although  none  of  his  senses  are  very 
aouto  in  his  natural  atat/C,  they  arc  alt  moderately  so;  and  they  are  capable  of 
being  wonderfully  improved  by  practice,  when  circumstances  strongly  call  for 
their  exercise.  This  seems  especially  the  case  with  the  tactile  seui*e,  of  wbioh 
Man  can  make  greater  use  than  any  other  animal,  in  consequence  of  the  entire 
freedom  of  his  anterior  extremities  j  although  there  are  many  which  surpass  him 
in  their  power  of  appreciating  certain  classes  of  tactile  impressions.  —  fcio,  again, 
Man's  nervo-muBcnlar  power  is  inferior  to  that  of  most  other  animals  of  his  size ; 
the  full-grown  Orang,  for  example,  surpasses  him  both  in  strength  and  agility ; 
and  the  larger  ChimpanzeCj  according  to  the  statements  of  the  Negroes  who  have 
encountered  it,  is  far  more  than  a  match  for  any  single  man,  and  is  almost  certain 
to  destroy  any  human,  opponent  once  within  his  grasp.  —  The  absence  of  any  na- 
tural weapons  of  offence,  and  of  direct  means  of  defence,  are  remarkable  charac- 
teristica  of  Man,  and  distinguish  him  not  only  from  the  lower  Mammalia,  but 
also  from  the  most  anthropoid  Apes;  in  which  it  is  obvious  (both  from  their 
habits  and  general  organization)  that  the  enormous  canines  have  no  relation  to  a 
carnivorous  regimen,  but  are  instruments  of  warfare.  On  those  animals  to  which 
Nature  has  denied  weapons  of  attack,  she  has  bestowed  the  means  either  of 

?B8sive  defence,  of  concealment,  or  of  flight;  in  each  of  which  Man  is  deficient, 
et,  by  his  superior  reason,  he  has  been  enabled  not  only  to  resist  the  attacks 
of  other  animals,  but  even  to  bring  them  into  subjection  to  himself.  His  intel- 
lect can  scarcely  suggest  the  mechanism  which  his  hands  cannot  frame ;  and  he 
has  devised  and  constructed  arms  more  powerful  than  those  which  any  creature 
wields,  and  defences  so  secure  as  to  defy  the  assaults  of  all  but  his  fellow-men. 

13.  Man  is  further  remarkable  for  bia  power  of  adaptation  to  varieties  in  ex- 
ternal condition,  which  renders  him  to  a  great  extent  independent  of  thera.  Ho 
is  capable  of  sustaining  the  highest  as  well  as  the  lowest  extremes  of  temperature 
and  of  atmospheric  pressure.     In  the  former  of  these  particulars,  he  is  strikingly 
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coDtrastod  with  tlie  anibropold  Ape« ;  the  Chimpanzees  being  restnotod  to  the 
hottest  parts  of  Africa,  and  ihe  Orang  Outan  to  the  tropical  portions  of  the  In- 
dian Archipelago;  and  neither  of  these  animals  being  capable  of  living  in  tem- 
perate climates  without  the  assistance  of  nrtificial  heat,  even  with  the  aid  of  which 
they  hare  not  hitherto  long  survived  their  second  dentition.  So  again,  although 
Man's  diet  Keema  naturally  of  a  luized  character,  he  can  support  himself  in  health 
and  strength,  either  on  an  exclusively  vegetable  diet,  or,  under  particular  cLrcum- 
Btunoes,  on  an  almost  cxdusively  animal  regimen. 

14.  The  slow  growth  of  Man,  and  the  length  of  time  daring  which  he  remuns 
in  a  state  of  dependence,  are  peculiarities  that  remarkably  distinguish  him  from 
all  other  animals.  He  is  unable  to  obtain  his  own  food,  during  at  least  the  first 
three  years  of  his  life ;  and  he  does  not  attain  to  his  full  bodily  stature  and  mental 
capacity,  until  he  is  more  than  twenty  years  of  age.  This  retardation  of  the 
developmental  process  seems  to  have  reference  to  the  high  grade  which  it  is  ulti- 
mately to  attain ;  for  everywhere,  throughout  the  Ortcanizod  Creatiun,  do  wo 
observe  that  the  most  elevated  forms  are  those  which  go  through  the  longest 
preparatory  stages,  and  of  which  the  evolution  ia  most  dependent  upon  tho  assist- 
fincc  afforded  by  the  parental  organism  during  its  earlier  periods.  The  peculiar 
prolongation  of  this  state  of  dependence  in  the  Human  species,  has  a  most  im- 
portant and  evident  efifect  upon  the  social  condition  of  the  race;  being,  in  fact, 
tho  chief  source  of  family  ties,  and  affording  the  opportunity  for  those  processes 
of  education,  direct  and  indirect,  which  transmit  to  the  rising  generation  the 
influence  of  the  intellectual  culture  and  moral  training  of  the  past. 

15.  Still,  however  widely  Man  may  be  distinguished  from  other  animals  by 
these  and  other  particulars  of  his  structure  and  economy,  he  is  yet  more  distin- 
guished by  those  meiitnl  endowments,  and  by  the  habitudes  of  life  and  action 
thence  resulting,  which  xa\mi  be  regarded  as  the  essential  characteristics  of  hu- 

jtuanity.  It  ia  in  adupting  himself  to  the  conditions  of  bis  existence,  in  providing 
l^biraself  with  food,  shelter,  weapons  of  attack  and  defence,  &c.,  that  Man's  intel- 
'leetaal  powers  are  first  called  into  active  operation;  and  when  thus  aroused,  thetr 
dtVftlopment  has  no  aasiguablo  limit.  The  Will,  guided  by  the  intelligence,  and 
acted  on  by  tho  deairen  and  emottuns,  takes  the  place  in  man  of  the  Instinctive 
Ifyropensities,  which  are  the  usual  springs  of  action  in  the  lower  animals;  and 
although  among  the  most  elevated  of  these,  a  high  amount  of  Intelligence 
is  cxhibitL'd,  yet  its  operations  seem  to  be  always  directly  attributable  to 
external  suggestions,  present  or  remembered ;  and  the  character  never  rises 
beyond  thiit  of  the  child.  In  fact,  the  correspondeneo  between  the  psychical 
endowments  of  the  Chimpanzee,  and  those  of  a  Child  of  three  years  old  who  has 
Dot  yet  begun  lo  speak,  is  very  close.  One  of  the  most  important  aids  in  the 
um  and  dL'VL'loprnerjt  of  the  Human  Mind,  is  the  capacity  fov  art t'ctt late  tpeech; 
of  whii'h,  BO  far  as  we  know,  Man  is  the  only  animal  in  possession.  There  is  no 
dmibt  that  many  other  species  have  certain  powers  of  commuuication  between 
individuals;  but  these  are  probably  very  limited,  and  of  a  kind  more  allied  to 
*'  the  language  of  signs,"  than  to  a  proper  verbal  language.  In  fact,  it  is  obvious 
that  tho  use  of  a  language  composed  of  a  certain  number  of  distinct  sounds,  com- 
bined into  words  in  a  multitude  of  different  modes,  requires  a  certain  power  of 
ab(*tmettuM  and  general ization,  in  which  it  appears  that  the  lower  animals  are 
iiltogetlicr  delicionl.  So,  again,  verbal  language  affords  the  only  means  whereby 
ahi^tract  ideas  can  be  ronimunicated ;  and  those  who  have  perused  the  interesting 
riJirrative  given  by  Dr.  Howe  of  his  successful  training  of  Laura  IJridguian,  will 
r»>member  how  marked  waa  the  improvement  ixf.  her  mental  condition,  from  the 
time  when  she  first  apprehended  the  fact  that  she  eoutd  give  such  espres.<ioii  to 
hnr  thoughts,  feelings,  and  desires,  as  should  iiecare  their  being  comprehended 
by  others, 

16.  The  rapacity  /or  tntt-lleclual  prngrea  is  a  most  remarkable  peculiarity  of 
Man's  psychical  nature.     The  inHiaetive  habits  of  the  lower  animali  are  limited, 
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are  pcculmr  tocacli  Hpecies,  nnd  have  immediate  reference  to  tlieir  bodily  wants. 
WLen)  a  piirticular  aJuptatiim  of  moans  to  cods,  of  actions  to  circumstances,  is 
made  by  an  individual,  the  rest  do  not  fleeni  to  profit  by  tfiat  experience;  so  that, 
although  the  iostincta  of  particular  animals  may  be  modified  by  the  training  of 
man,  or  by  the  education  of  circumstances,  so  as  to  show  themselves  after  a  few 
generations  under  new  forms,  no  elevation  in  intelligence  appears  ever  to  take 
place  spontaneously,  no  psychical  improvement  is  manifested  in  the  epecies  ut 
large.  In  Man,  on  the  other  hand,  we  observe  not  merely  the  capability  of  pro- 
fiting by  experience,  but  the  determination  to  do  so;  which  he  is  enabled  to  put 
into  action,  by  the  power  which  hh  Will  (when  properly  disciflined,)  comes  to 
possess,  of  directin^j  and  controlJing  his  current  of  thought,  by  fixing  his  atten- 
tion upon  any  subject  which  he  desires  to  keep  before  his  inentjil  vision.  This 
power,  BO  far  as  we  know,  is  peculiar  to  Man ;  and  the  presence  or  absence  of  it 
constitutes,  as  will  be  shown  hereafter  (CHAP-  XI.),  the  difl"erence  betwcea  a  being 
possessed  of  power  to  determine  his  own  coarse  of  thought  and  action,  and  a 
mere  thinking  automaton. 

17.  Man's  capacity  for  progress  is  connected  with  another  element  in  his  na- 
ture, which  it  is  difficult  to  isolate  and  define,  but  which  interpenetrates  and 
blends  with  his  whole  psychical  character.  '*The  Soul,"  it  has  been  remarked, 
"  is  that  side  of  our  nature  which  is  in  relation  with  the  infinite ;"  and  it  is  the 
existeuce  of  this  relution,  in  whatever  way  we  may  describe  it,  which  seems  to 
constitute  one  of  the  most  distinctive  peculinrities  of  I^Ian.  It  is  in  the  desire  for 
an  improvement  in  his  condition,  occasioned  by  an  aspiration  after  soraethinj; 
nobler  and  purer,  that  the  main-spring  of  human  progress  may  be  said  to  lie; 
among  the  lowest  races  of  mankind,  the  capacity  eiista,  but  the  desire  seems  dor- 
mant. When  once  thoroughly  awakened,  however,  it  seems  to  "grow  by  what  it 
feeds  on  :"  and  the  advance  once  commenccid,  little  external  stimulus  is  oecdcd  ; 
for  the  dcfltre  increa.ses  at  least  as  fust  as  the  capacity.  In  the  higlier  grades  of 
mental  development,  there  is  a  continual  looking-upwards,  not  (na  m  the  lower) 
towarxls  a  more  elevated  human  standard,  but  at  oucc  to  something  beyond  and 
above  man  and  materia!  nature.  This  neems  the  chief  source  of  the  tendency  to 
believe  in  some  unseen  existence;  which  may  take  various  forms,  but  which  seems 
never  entirely  absent  from  any  nice  or  nation,  although,  like  other  innate  tenden- 
cies, it  may  be  deficient  in  individuals.  Attempts  have  been  made  by  some 
travellers  to  prove  that  particular  nations  are  destitute  of  it;  but  such  afisertiotia 
have  been  based  only  upon  a  limited  acquaintance  with  their  habits  of  thought, 
and  with  their  outward  observances ;  for  there  are  probably  none  who  do  not  po.?- 
sess  the  idea  of  some  invisible  Power,  external  to  themselves,  whose  favor  tht-y 
seek,  and  whose  anger  they  deprecate,  by  sacrifice  and  other  ceremonials.  It 
recjuires  a  higlier  mental  cultivation  than  is  commonly  met  with,  to  conceive  of 
tbis  Power  as  having  a  Spiritual  existence ;  but  wherever  the  idea  of  spirituality 
can  be  defined,  this  seems  connected  with  it.  The  vulgar  readiness  to  believe  in 
ghosts,  demons,  &c.,  ia  only  an  irregular  or  depraved  manifestation  of  the  same 
tendency.  Closely  connected  with  it,  ia  the  desire  to  participate  in  this  spiritual 
existence  ;  of  which  the  germ  has  been  implanted  in  the  mind  of  Man,  nnd  which, 
developed  as  it  is  by  the  mental  cultivation  that  is  almost  necessary  for  the  for- 
mation of  the  idea,  baa  been  regarded  by  pliihisophers  in  all  ages  aa  one  of  the 
chief  natural  arguments  for  the  immortality  of  the  soul.  By  this  immortal  soul, 
Man  is  connected  with  that  higher  order  of  being,  in  which  Intelligence  exists, 
unrestrained  in  its  exerci.'ic  by  the  imperfections  of  that  corporeal  mechanism 
through  which  it  here  operates;  and  to  this  slate,  —  a  state  of  more  intimate 
communion  of  mind  with  mind,  and  of  creatures  with  their  Creator,  —  he  is 
encouraged  to  aspire,  as  the  reward  of  hia  improvement  of  the  talents  here  com- 
mitted to  his  charge. 
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GENERAL  VIEW   OP  THE  FUNCTIONS   OF  THE   HUMAN   BODY. 
1.   Of  the  Mutual  Dependence  of  xU  Vital  Actions.  ' 

18.  The  idea  of  L(fe,  in  its  simplest  acceptation,  is  that  of  Vital  Activity;  and 
obviously,  tberefore,  involvca  that  of  chamje.  We  do  not  consider  any  being  to 
afioCf  which  is  not  undergoing  some  continual  alteration,  however  slow  and  ob- 
scure, that  maj  be  rendered  perceptible  to  the  senses.'  This  alteration  may  be 
evidenced  by  the  gravodi  and  exteimmi  of  the  orf:5anic  structuire,  or  by  molecular 
chamfer  tn  ita  substance  which  do  not  produce  any  o&tcnsible  increase;  or  it  may 
be  most  obviously  manifested  in  movements  such  as  cannot  be  attributed  to  any 
physical  cause.  The  Life  of  any  complex  orjranism,  such  as  that  of  Man,  is  ia 
fact  the  aggregate  of  the  Vital  Activity  of  all  its  component  parts;  and  no  fact 
has  been  more  clearly  ascertained  by  modern  Phyaioloojical  research,  than  this, — 
that  each  elementary  part  of  the  fabric  has  ita  own  independent  power  of  growth 
and  development,  that  it  has  ita  own  proper  term  of  existence,  and  that  it  goes 
throufih  its  own  sequence  of  vital  actions,  in  virtue  of  the  endowments  which  it 
derived  from  the  tissue  that  evolved  it,  and  of  the  influences  to  which  it  is  sub- 
jected during  the  prepress  of  its  existence.  Not  only  might  this  mutual  inde- 
pendence be  inferred  from  general  consitleralions;  its  existeoce  is  easily  proved 
by  observation  and  experiment.  There  are  a  variety  of  cases  in  which  the  *'  mole- 
cular" life  of  individual  parts  remains,  long  after  "  somatic"  death  (or  death  of 
the  body  as  a  whole)  has  taken  place  (chap,  xix);  and  not  only  may  vital 
activity  be  sustained  in  a  part  completely  sepanitcd  from  the  body,  by  tbc  main- 
tenance of  the  circulation  of  blood  through  it,  but  vital  endowments  which  had 
partially  or  completely  ceased  to  manife.st  themselves  in  consequence  of  the  ces- 
Sittion  of  the  circulation,  may  be  restored  by  its  re-establishment.  The  occasional 
reunion  of  a  member  which  has  been  entirely  separated,  when  decomposing 
changes  have  not  yet  commenced  in  it,  most  clearly  shows,  that  nothing  but  the 
restoration  of  ita  current  of  blood  is  requisite  for  the  presen'ation  of  ita  vitality, 
and  that  its  powers  of  growth  and  renovation  arc  inherent  in  itself,  only  requiring 
a  due  supply  of  the  nutrient  material,  with  certain  other  concurrent  conditions. 

19.  But  in  every  living  structure  of  a  complex  nature,  whilst  we  witness  a 
great  variety  of  actions,  resulting  from  the  exercise  of  the  different  powers  of  ita 
several  component  parts,  we  at  the  same  time  perceive  that  there  is  a  certain  har- 
mony or  co-ordination  amongst  them  all,  whereby  they  are  all  made  to  concur  in 
the  maintenance  of  the  Life  of  the  Organism  as  a  whole.  And  if  we  take  a 
general  survey  of  them,  with  reference  to  their  mutual  relations  to  each  other,  we 

'  If  change  be  essential  to  oar  idea  of  life,  it  may  be  &sked  what  la  the  condition  of  a 
Seed,  which  mnj  reTnaia  uauUercd  during  a  period  of  many  centuries;  Tegetating  nt  Inat 
when  placed  in  fnvoraMo  circumstancca,  as  if  i(  bnd  oalj  ripened  (he  year  be'fore.  Such  & 
seed  ia  not  alivt:  for  it  is  not  performing  any  vital  operations.  But  it  is  not  dead,  for  it 
hft3  undergone  no  disintegration:  and  it  ia  still  cftpablc  of  being  aroused  into  active  life, 
by  the  application  of  the  Appropri&to  stimuli.  The  moat  correct  designation  of  its  state 
eeems  to  bo  dormant  vitatin^.  The  condition  of  vta  Animal  reduced  to  a  state  of  complete 
torpidity  nnd  inaction  is  precisely  anatogous ;  into  such  a  condition,  the  Frog  mny  he 
brought  by  cold,  and  the  Whoel-animiilculei  by  desiccation.  (8ee  Prjnc.  or  Gen.  Pava. 
Am.  Eli.)  And  the  condition  of  u  Humnn  being,  during  sleep,  is  precisely  Himtlar,  eo  fur 
ns  his  psychical  powen  »vre  cfmcerTied  r  he  is  not  then  n  feeling,  thinking  Man  ;  but  he  ia 
cii]>tiMe  of  fei'linji  and  itiinking  when  his  brain  is  resioreil  to  a  stale  of  activity,  and  ita 
powers  are  called  tula  operation  by  tbe  intprcssions  of  eiternoi  obje^sla. 
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■ball  perceive  that  they  may  be  associated  into  groups;  each  consisting  of  a  eet 
of  actions^  which,  though  differing  among  themselves,  concur  in  elfecting  some 
positive  and  determinate  purpose.  These  groups  of  actions  are  termed  Funffioni, 
—  ThuSj  one  of  the  most  universal  of  all  tlie  changes  necessary  to  the  continued 
existence  of  a  living  being,  is  the  exposure  of  its  nutritious  fluid  to  the  air ;  by 
the  action  of  which  upon  it,  certain  alterations  arc  effected.  Far  the  perfortoanoe 
of  this  aeration,  simple  as  the  change  appears,  many  provimona  are  required.  In 
the  first  place,  there  must  be  an  aerating  surface,  consisting  of  a  thin  membrane, 
permeable  to  gases;  od  the  one  side  of  wliicb  the  blood  may  be  spread  out,  whilst 
the  air  is  in  contact  with  the  other.  Then  there  muist  be  a  provision  for  continu- 
ally renewing  the  blood  which  is  brought  to  this  surface;  in  order  that  the  whole 
maw  of  fluid  may  be  equally  benefited  by  the  process.  And,  in  like  manner,  the 
flfcnttom  of  air  must  also  be  renewed,  as  frequently  as  its  constituents  have  under- 
gone any  essential  change.  We  include,  therefore,  in  speaking  of  tho  '  Function 
of  Respiration,'  not  only  the  actual  aerating  process,  but  also  the  various  uhaogee 
which  are  necesisary  (o  carry  this  into  effect,  and  which  obviously  have  it  for 
their  ultimate  purpose. 

20.  On  further  examining  and  comparing  these  Functions,  we  find  that  they 
are  themselves  capable  of  some  degree  of  classification.  Indeed  the  distinction 
between  the  groups  into  which  they  may  be  arranged,  is  one  of  essential  im- 
portance in  Animal  Physiology.  If  we  contemplate  the  history  of  the  Life  of  a 
Planty  we  perceive  that  it  grows  from  a  germ  to  a  fabric  of  sometimes  gigantic 
aixe,  —  generates  a  large  quantity  of  organized  structure,  as  well  as  many  oi^j^anic 
oompoands,  which  form  the  products  of  secretion,  but  which  do  not  undergo 
organisation,  —  and  multiplies  its  species,  by  tho  production  of  germs  simitar  to 
that  from  which  it  originated;  —  but  that  it  performs  all  these  complex  opera- 
tions, without  (so  far  as  wo  can  perceive)  either  feeling  or  thinking,  without  con- 
sciousness or  will.  All  the  functions  of  which  its  Life  is  composed,  are,  there- 
fore, grouped  together  under  the  general  designation  of  Functions  of  Onjanic  or 
Vegelativf  life;  and  they  are  subdivided  into  those  concerned  in  the  development 
and  maintenance  of  the  structure  of  the  individual,  which  are  termed  fun<.-tions 
v'C  Nutritityii^  and  those  to  which  the  Heproductt'oji  of  the  species  is  due.  —  The 
great  feature  of  tho  Nntritive  operations  in  the  Phint,  is  their  comtrurlire  charao- 
t^r.  They  seem  as  if  destined  merely  for  the  building-up  and  extension  of  the 
fjbric;  and  to  this  extension  there  seems  in  some  cases  to  be  no  detonninate 
limit.  But  it  is  very  important  to  remark,  that  the  growth  of  the  more  pprma- 
nent  parts  of  the  structure  is  only  attained  by  the  continual  development,  decay, 
and  renewal  of  parts,  whose  existence  is  temporary.  No  fact  is  better  established 
in  Vegetable  Physiology,  than  the  dependence  of  the  formation  of  wood  upon  the 
action  of  the  leaves.  It  is  ia  their  cells  that  those  important  changes  are  effected 
in  the  sap,  by  which  it  is  changed,  from  a  crude  watery  fluid  containing  very  little 
solid  matter,  to  a  viscid  substance  including  a  great  variety  of  organic  compounds, 
destined  for  the  nutrition  of  the  various  tissues.  The  ^fall  of  the  leaf  results 
merely  from  the  death  and  decay  of  its  tissue ;  as  is  evident  from  the  fact,  that, 
for  some  time  previously,  its  regular  functions  coa.He,  and  that  instead  of  a  fixation 
of  carbon  from  the  atmosphere,  there  is  a  Ivberatton  of  carbonic  acid  (a  result  of 
their  decomposition)  in  large  amount.'  Now  this  process  takes  place  no  less  in 
'evergreens'  than  in  'deciduous'  trees;  the  only  difference  beiog,  that  the  leaves 
in  the  Litter  are  all  cast-off  and  renewed  together,  whilst  in  the  former  they  are 
contiaoaily  being  shed  and  replaced,  a  few  at  a  time.  It  appears  as  if  the  nutri- 
tious fluid  of  the  higher  Plants  can  o«/y  be  prepared  by  the  agency  of  cells  whose 
duration  is  brief;  for  we  have  no  instance  in  which  the  tissue  concerned  in  its  elabo- 
ration possesses  more  than  a  very  limited  term  of  existence-  But  by  its  active 
operations,  it  produces  a  fluid  adapted  for  the  nutrition  of  parts  which  are 

■  See  "  Principles  of  Comparative  Pbyuology,"  ^  2(35.  389.— .4m.  £<L 
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of  B  nmch  more  solid  and  permanent  cbaracter,  and  which  undergo  little  change 
of  any  kind  subsequentlj  to  their  complete  development;  this  want  of  tendency 
to  decay  being  the  result  of  the  very  Bame  pecuiiarity  of  ooDstitution,  aa  that  which 
renders  them  unfit  to  participate  in  the  proper  vital  phenomena  of  the  organism. 
Thus  the  final  cause  or  purpose  of  all  the  Nutritive  functiona  of  the  Plant,  go  far 
as  the  intiivufual  is  cooeeroed,  is  to  produce  an  indefinite  oxteDsion  of  the  dense, 
woody,  almost  inert,  and  permanent  portions  of  the  fabric,  by  the  continued  de- 
velopment, decay,  and  renewal  of  the  soft,  active,  and  tmusitory  cellular  paren- 
chyma.—  The  Nutritive  functions,  however,  also  supply  the  materials  for  the 
eontiuuance  of  the  rare^  by  the  generation  of  oew  individuals  ;  since  a  fresh  perm 
cannot  be  formed,  any  more  than  the  parent  structure  can  be  extended,  without 
oi^mizable  materials,  prepared  by  the  assimilatiDg  process,  and  supplied  to  the 
parts  in  which  active  changes  are  going  on. 

21.  On  analysing  the  operations  which  take  place  in  the  Animal  body,  we  find 
that  a  largo  number  of  them  arc  of  essentially  the  same  character  with  the  fore- 
going, and  differ  only  in  the  conditions  under  which  they  are  performed ;  so  that 
we  mayj  in  fact,  readily  separate  the  Organic  functiona,  which  are  directly  con- 
cerned in  the  development  and  maintenance  of  the  fabric,  from  the  Animal  func- 
tions, which  render  the  individual  conscious  of  external  iujpressions,  and  capable 
of  executing  spontaneous  movements.  The  relative  development  of  the  organs 
destined  to  these  two  purposes,  differs  considerably  in  the  several  groups  of  Ani- 
mals. The  life  of  a  Zoophyte  ia  upon  the  whole  much  more  'vegetative'  than 
'animal;'  and  we  perceive  in  it,  not  merely  the  very  feeble  development  of  those 
powers  which  are  peculiar  to  the  AnJtual  kingdom,  but  also  that  tendency  to 
indefinite  extension  which  is  characteristic  of  the  Plant.  In  the  luBcct  we  have 
the  opposite  extreme  ;  the  most  active  powers  of  motion,  and  sensations  of  which 
some  (at  least)  are  very  acut«,  coexisting  with  a  low  development  of  the  organs 
of  nutrition.  In  Man  and  the  higher  classes  generally,  we  have  less  active  powers 
of  loeouiotiun,  but  a  mach  greater  variety  of  Animai  faculties;  and  the  instru- 
mcDts  of  the  Organic  or  iiutritivo  operations  attain  their  highest  development, 
and  their  greatest  degree  of  mutual  dependence.  In  the  fabric  of  all  beings  whose 
Animal  powers  are  much  developed,  we  see  au  almost  entire  want  of  that  tendency 
to  indefinite  extension,  which  is  so  characteristic  of  the  Plant ;  and  when  the 
large  amouut  of  food  consumed  by  them  is  considered,  the  questions  naturally 
arise,  to  what  purpose  this  food  is  applied?  and  what  is  the  necessity  for  the  con- 
tinued activity  of  the  Organic  functions,  when  once  the  body  has  attained  the 
limits  of  its  development  i* 

22.  The  auswer  to  these  questions  liea  in  the  fact,  that  the  exercise  of  the 
Animal  functions  is  essentially  ihiiructive  of  their  instruments;  every  operation 
of  the  Nervous  and  Muscular  systems  involving,  as  its  necessary  condition,  a 
disintegration  of  a  certain  part  of  their  lissuesj  so  that  the  duration  of  the  ex- 
istence of  those  tissues  varies  inversely  to  the  use  that  is  made  of  them,  being 
leas  aa  their  functional  activity  is  greater.  A  compensating  operation  of  the 
constrvctive  functions  is  tiicrefore  required,  in  order  to  repair  the  loss  of  sub- 
stance thus  occasioned ;  from  which  it  happens  that  the  dixoand  for  nutrition 
(and  therefore  the  necessity  for  food)  is  in  great  decree  regulated  by  the  func- 
tional activity  of  the  ncrvo-muscular  apparatus.  —  We  are  not,  however,  to 
measure  the  activity  of  the  Nervous  system,  like  that  of  the  Muscular,  only  by 
the  amount  of  movrmcitt  to  which  it  gives  origin.  For  there  ia  equal  evidence, 
that  ihe  demand  for  blood  in  the  Brain,  the  amount  of  nutrition  it  receives,  and 
the  degree  of  disintegration  it  undergoes,  are  proportional  likewise  to  the  energy 
of  the  jtuTcly psychical  operations;  so  that  the  vigorous  exercise  of  the  intelleo- 
tual  powers,  or  a  long-continued  state  of  agitation  of  the  feelings,  produces  as 
great  a  '  waste  '  of  Nervous  matter  aa  i»  occasioned  by  active  bodily  exercise. — 
But  further,  ia  the  perfurtnance  of  the  Organic  functinns  nf  Animals  (thus  called 
into  activity  for  ulterior  purposes),  there  is,  no  less  than  in  the  Vegetative  life 
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of  a  Plant  (which  begiDs  and  ends  with  itself),  a  oontinned  prodnction,  decay, 
exariatioD,  and  renewal,  of  the  cells  by  whose  instrumentality  many  of  the  most 
important  changes  are  e£f(K)ted.  This  suocessional  loss  and  replacement  of  the 
most  important  components  of  the  natridTe  system  of  the  Animal,  is  a  phenome- 
non really  not  less  intimately  related  to  its  functional  activity,  than  is  that  of  the 
leaves  in  the  Plant  (§  20) ;  but  it  takes  place  in  the  penetralia  of  the  system,  in 
such  a  manner  as  to  elude  observation,  except  that  of  the  most  acrutinixing  kind ; 
and  it  has' been  in  bringing  this  into  view,  that  the  Microscope  has  rendered  one 
of  its  most  valuable  services  to  Physiology. 

23.  In  the  Animal  fabric,  then,  among  the  higher  classes  at  least,  the  function 
or  purpose  of  the  organs  of  Ve^tative  life  is  not  so  much  the  extension  of  the 
fabric,  for  this  has  certain  definite  limits,  as  the  maintenance  of  it$  inteffritjf,  6y 
the  reparation  of  the  destmctive  fffeetn  of  the  exera'ae  of  the  purely  Animal poteerM. 
By  the  operations  of  Digestion,  Assimilation,  and  Circulation,  the  nutritive  ma- 
terials are  prepared,  and  are  conveyed  to  the  points  where  they  are  required ;  the 
Circulation  of  aerated  blood  also  serves  to  transmit  oxygen,  which  is  introduced 
by  the  Respiratory  process ;  and  it  has  further  for  its  office,  to  convey  away  the 
products  of  that  decomposition  of  the  Muscular  and  Nervous  tissues,  which  re- 
sults from  their  functional  activity,  these  products  being  destined  to  be  separated 
by  the  Respiratory  and  other  Excreting  operations.  The  regular  maintenance  of 
the  functions  of  Animal  life  is  thus  entirely  dependent  upon  the  due  performance 
of  the  Nutritive  operations ;  a  consideration  of  great  importance  in  practice,  since 
a  very  large  proportion  of  what  are  termed  'functional  disorders'  (of  the  Nervous 
system  especially)  are  immediately  dependent  upon  some  abnormal  condition  of 
the  Blood. 

24.  But  there  also  exists  a  connection  of  an  entirely  reverse  kind,  between 
the  Organic  and  the  Animal  functions ;  for  the  conditions  of  Animal  existence 
render  the  former  in  great  degree  dependent  on  the  latter.  In  the  acquisition 
of  food,  for  example,  the  Animal  has  to  make  use  of  its  senses,  its  psychical 
faculties,  and  its  power  of  locomotion,  to  obtain  that  which  the  Plant,  nom  the 
different  provision  made  for  its  support,  can  derive  without  any  such  assistance ; 
moreqver,  for  the  ingestion  of  the  food,  and  for  its  propulsion  along  the  aliment- 
ary canal,  Muscular  action  is  feqnired,  this  being  employed  under  the  direction 
of  Nervous  agency  at  the  oral  and  anal  orifices ;  and  thus  we  see  that  the  change 
in  the  conditions  required  for  the  appropriation  of  food  by  animals,  has  rendered 
necessary  the  introduction  of  additional  elements  into  the  apparatus,  to  which 
nothing  comparable  was  to  be  found  in  Plants.  Again,  in  the  function  of  Respi- 
ration, as  performed  in  Man  and  the  higher  animals,  the  Nervous  and  Muscular 
systems  are  alike  involved ;  for  the  movements  by  which  the  air  in  the  lungs  is 
being  continually  renewed,  are  dependent  upon  the  acUon  of  both ;  and  those  by 
which  the  blood  is  propelled  through  the  respiratory  organs,  are  chiefly  occasioned 
by  the  oontraetili^  of  a  muscular  organ,  the  heart.  Such  movements,  however, 
as  are  thus  immetuately  connected  with  the  maintenance  of  the  Oi^nic  functions, 
do  not  depend  upon  the  wt//,  and  may  even  be  performed  without  our  conta'out- 
neu;  they  can  scarcely  be  r^rded,  therefore,  as  forming  part  of  our  proper 
Animal  life ;  and  the  only  essential  difference  which  they  present,  from  thow) 
which  are  oooasionally  performed  by  Plants  (especially  sucn  as  exhibit  the  trans- 
mission of  the  effect  of  a  stimulus  to  some  distance, — the  folding  of  the  leaves 
of  the  Mimosa,  or  the  closure  of  the  fly-trap  of  the  Dionsea,  for  example),  con- 
sists in  the  instrumentality  through  which  tney  are  performed, — this  being  in 
Animab  a  peculiar  Nervous  and  Muscular  apparatus,  whilst  in  Plants  it  is  only  a 
Biodification  of  the  ordinary  structure. 

25.  From  what  has  been  said,  then,  it  appears  that  all  the  functions  of  the 
Animal  body  are  so  completely  bound  up  together  that  none  can  be  suspended 
without  the  cessation  of  the  rest  The  properties  of  all  the  tissues  and  omun 
ize  dependent  np<Hi  their  regular  Nutrition,  by  a  due  supply  of  perfectly  eubo- 
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rafpd  blood;  this  cannot  be  cffwted,  unless  the  functions  of  Circulation,  Rtspi- 
ration,  und  Excretion,  be  performed  with  regularity,  —  the  first  beinp^  necessary 
to  distribute  the  supply  of  nutritious  fluid,  the  second  being  requisite  for  ita 
oxygenation,  and  beinj:;  also  needed,  in  conjunction  with  the  third,  to  free  it  from 
the  impurities  which  it  contracts  during  its  circuit.  The  Respiration  cannot  be 
maintjiined,  without  the  integrity  of  a  certain  part  of  the  Norvo-inuscular  appi- 
nitas;  and  the  due  action  of  this,  apain,  is  dependent  not  only  upon  it^s  regular 
nutrition,  but  also  upon  its  supply  of  oxyj;en.  The  materials  necessary  for  the 
replacement  of  tho&e  which  are  continually  beinfj  separated  from  the  blood,  can 
only  be  derived  through  the  Absorption  of  inpested  alinjcut;  and  this  cannot  be 
accomplished  without  the  preliminary  process  of  Digestion.  The  introduction 
of  food  into  the  gtomach,  again,  ia  dependent,  like  the  actions  of  Kespiration, 
upon  the  operations  of  the  muscular  apparatus  and  of  a  part  of  the  nervous 
centres ;  and  the  previous  acquirement  of  fnod  necessarily  involves  the  purely 
Aniiual  powers. — Now  it  will  serve  to  show  the  distinction  between  these  powers 
and  those  which  are  merely  subservient  to  Orjranic  life,  if  we  advert  to  the  case, 
which  is  of  no  unfrequent  oecurrenee,  of  a  Human  being,  deprived  (as  in  apo- 

ftlectic  coma)  by  some  morbid  condition  of  the  brain,  of  all  the  jvowers  of  Animal 
ife,  sensation,  thought,  volition,  &o.,  and  yet  capable  of  maintaining  a  Vegeta- 
tive existence,  in  which  all  the  organic  functions  go  on  as  usual;  that  division 
of  the  nervous  system  which  is  concerned  in  the  movements  whereon  some  ot 
these  depend,  not  being  yet  ofTectcd  by  the  morbid  influence.  It  is  evident  that 
we  can  assign  no  definite  limits  to  such  a  state,  so  long  as  the  respiratory  move- 
ments are  sustained,  and  the  necessary  food  is  placed  within  reach  of  the  prasj* 
of  the  muscles  that  will  convey  it  into  the  stomach :  as  a  matter  of  fact,  how- 
ever,  it  is  seldom  of  long  continuance,  since  the  disordered  state  of  the  brain  i^ 
sure  to  extend  itself,  sooner  or  later,  to  the  rest  of  tho  nervous  system.  This 
condition  may  be  experimentally  imitated  by  the  removal  of  the  bruin,  in  many 
of  the  lower  animals,  whoso  bodies  will  sustain  life  for  many  months  after  such 
a  mutilation ;  but  this  can  only  take  place  when  that  food  is  conveyed  by  eytcrnai 
agency  within  the  pharynx,  which  they  would,  if  in  their  natural  condition,  have 
obtained  for  themselves.  A  similar  experiment  is  sometimes  made  by  Nature  for 
the  Physiolotrist,  in  the  pTO<3uction  of  fa'tuses,  oA  well  of  the  human  as  of  other 
species,  in  which  the  brain  is  absent;  thefw;  can  breathe,  suck,  and  swallow,  and 
perform  all  their  organic  functions;  and  there  is  no  asaignablc  limit  to  their  ex- 
istence, so  long  as  they  are  duly  supplied  with  food,' — Hence  we  may  learn  the 
exiiet  nature  of  the  dependence  of  the  Organic  functions  upon  those  of  purely 
Animal  lifej  and  we  perceive  that,  though  less  immediate  than  it  is  upon  the 
simple  excito-motor  actions  of  the  nervous  and  muscular  systems,  it  is  not  less 
complete.  On  the  other  hand,  the  functions  of  Animal  life  are  even  more  closely 
dependent  upon  the  nutritive  actions,  than  are  those  of  organic  life  in  general; 
for  many  tissues  will  retain  their  several  properties  and  their  power  of  growth 
and  extension,  for  a  much  longer  period  after  a  general  interruption  of  the  circu- 
lation, than  will  the  Nervous  structure;  which  is,  indeed,  instantaneously  afl'ect^d 
by  a  cessation  of  the  due  supply  of  blood,  or  by  the  depravation  of  its  quality. 

2.  Functions  of  Vegetative  Lift. 

26.  As  a  certain  change  of  composition  of  the  Organized  fabric  is  a  necessary 
condition  of  every  manifestation  of  its  Vital  activity,  it  is  obviously  requisite  that 

'  A  ^ery  remarltablo  case  was  mentioned  to  the  Author  bj  his  friend  the  Into  Mr.  Wallif, 
of  ITuU  ;  the  subject  of  which  had  ncTer,  from  the  time  of  bis  birth,  exhibited  any  distinct 
indicatioTi  of  conscioosnefls,  and!  had  yet,  by  Hcduloiia  Cftre.  been  reared  to  the  Rgc  of  tpn 
jremrt.  There  was  na  appearance  of  nny  mntformatioD  tkbout  the  Brnio,  and  yet  it  must 
obviously  have  been  fuacttoually  inactive;  for  no  mevementa  were  eter  witnessed,  which 
fecmed  to  proceed  from  any  higher  centre  than  the  Medulla  Oblongata.  Kven  in  the 
administration  of  nourishment,  it  wm  nceeaosry  thnt  th«  food  Bhould  be  carried  back  into 
the  pharyni,  bo  that  it  might  be  erosoeJ  by  the  reflex  action  of  ita  constrictovs. 
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•  provision  slurald  exist  for  the  replacement,  by  new  matter,  of  all  those  particles 
which,  having  lost  their  vital  endowments,  are  in  process  of  return  to  the  condi- 
tion of  inorganic  matter.  And  hence,  of  course,  every  increase  in  the  activity 
of  the  Animal  functions  becomes  a  sonrce  of  augmented  demand  for  nourish- 
ment ;  provided,  at  least,  that  such  increase  does  not  go  to  the  extent  of  exhaust- 
ing the  vital  energies,  and  thus  of  preventing  the  due  performance  of  the  Nutritive 
functions.  A  oonstant  supply  of  Aliment  is  therefore  needed  for  the  maintenance 
of  the  body,  after  it  has  arrived  at  its  full  development.  The  effects  of  the  pro- 
cess of  waste  and  decay,  uncompensated  by  that  of  renovation,  are  seen  in  starva- 
tion and  in  diseases  of  exhaustion  (§  70-72) ;  in  which  there  is  a  gradual 
diminution  in  the  bulk  of  nearly  all  the  tissues  of  the  body,  so  that,  before  death 
snpervenes,  the  total  reduction  in  weight  is  very  considerable.  —  But  in  the 
growing  state  of  the  oi^nism  there  is,  of  course,  an  additional  demand  for  Ali- 
ment, to  supply  the  materials  for  the  extension  which  is  continually  taking  place 
in  it  This,  however,  does  not  make  so  great  a  difference  as  it  might  appear  to 
d0|  in  the  supply  of  food  which  is  required.  For  if  the  absolute  addition 
which  is  made  by  growth  to  the  body  in  any  given  time,  be  compared  with  the 
amount  of  change  of  compotition  which  takes  place  in  the  the  same  period, — the 
Utter  being  judged  of  by  the  quantity  of  food  consumed,  and  by  the  amount  of 
exorementitious  matter  which  passes  off  by  the  lungs,  liver,  kidneys,  skin,  &c., — 
it  will  be  found  to  bear  but  a  very  small  proportion  to  it.  The  fact  is  rather, 
that,  during  the  whole  period  of  growth,  there  is  (so  to  speak)  a  continual  re- 
modelling of  the  entire  fabric;  the  life  of  each  part  being  brief,  in  order  that  its 
renovation  may  be  effected  on  a  somewhat  different  scale.  And  thus  it  happens 
that  children  require  a  much  larger  amount  of  food  in  proportion  to  their  bulk, 
than  that  which  suffices  for  adults.  On  the  other  hand,  in  old  persons,  the  life 
of  each  part  is  comparatively  slow;  its  vital  operations  are  deficient  in  activity; 
and  the  processes  of  waste  and  the  demand  for  food  are  proportionally  retarded 
(CHAP.  xvin.). 

27.  But  another  and  most  important  sonrce  of  demand  for  food,  in  Man  and 
warm-blooded  animals  generally,  arises  out  of  the  requirements  of  the  combtutive 
process,  whereby  the  Heat  of  the  body  is  maintained.  This  demand  will  vary, 
csMBferu  paribuSf  with  the  amount  of  heat  to  be  generated,  which  bears  a  direct 
proportion  to  the  depression  of  the  external  temperature,  the  standard  of  the 
body  itself  being  fixeid.  Uenoe  external  cold  comes  to  be  a  source  of  demand 
for  food ;  whilst  artificial  warmth  may  be  made  to  take  the  place  of  the  nourish- 
ment otherwise  required  for  this  purpose ;  as  has  been  shown  by  the  remarkable 
experiments  of  Chossat  hereafter  to  be  referred  to  (§  70,  and  chap,  x..  Sect.  2. — 
But  if  the  amount  of  exercise  taken  be  very  considerable,  espedally  in  warm 
elimates,  whero  the  demand  for  the  production  of  Heat  is  reduced  to  its  mini- 
mum, a  sufficient  amount  of  pabtdum  for  the  respiratory  process  may  be  provided 
by  the  disintegration  of  the  nervo-muscular  apparatus,  without  any  special  supply 
being  required. 

28.  The  demand  for  food  is  increased  by  any  cause  which  creates  an  unusual 
drain  or  waste  in  the  system.  Thus  an  extensive  suppurating  action  can  be  sus- 
tained only  by  a  large  supply  of  highly  nutritious  food.  The  mother,  who  has 
to  furnish  the  daily  supply  of  milk  which  constitutes  the  sole  support  of  her  off- 
spring, needs  an  unusual  sustenance  for  this  purpose.  And  there  are  states  of 
the  Bjvtemy  in  which  the  solid  tissues  seem  to  possess,  an  abnormal  tendency  to 
decompoeition,  and  in  which  an  increased  supply  of  aliment  is  therefore  required. 
Thia  is  the  case,  for  example,  in  Diabetes;  one  of  the  first  ^mptoms  of  which 
disease  is  the  craving  appetite,  that  seems  as  if  it  would  be  never  satisfied.  And 
there  can  be  no  doubt  that,  putting  aside  all  the  other  circumstances  which  have 
been  alluded  to,  thera  is  much  difference  amongst  individuals,  in  ragard  to  tiie 
ntHdity  of  the  ohanges  which  their  organism  undergoes,  and  the  amount  of  fiM 
eoneeqaeatlj  required  for  its  maintenanoe. 
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29.  The  wnnt  of  PolJd  ailment  is  made  knoim  by  the  feeling  of  Hunger  j  ao^ 
that  of  liquids",  by  the  feeling  of  Thirst.  These  feelings,  as  will  be  sbowD  here- 
after (§§  6<>-69),  are  but  sccondariJy  dependent  upon  the  conditioa  of  the 
8tomach ;  and  may  be  considered,  in  the  state  of  health,  as  tolerably  faithfal 
indications  of  the  wants  of  the  body  at  large.  They  become  the  stimTiIants  to 
mental  operation}!,  having  for  their  object  the  gratitication  of  the  desire,  by  the 
acquisition  of  food  or  drink.  In  the  state  of  Infancy,  the  actions  which  they 
prompt  are  obviously  avtomatic  ;  that  is,  they  are  performed  in  direct  respondence 
to  the  appropriate  stimulus,  and  do  not  involve  any  idea  of  purpose  or  object  on 
the  part  of  the  beinp  which  executes  them.  But  in  all  succeeding  periods  of 
life,  they  are  directed  by  intfllUjence ;  being  performed  with  a  design  or  purpo- 
sive adaptation  of  means  to  emh  which  are  clearly  before  the  consciousness.— 
The  reception  of  food  into  the  mouth,  and  its  preparation  by  the  acts  of  masti- 
eatioQ  and  insalivation,  would  seem  rather  to  belonj;  to  the  consenmcU  or  'sensori- 
motor' class  of  movements;' being  pprformed  quite  independently  of  the  will, 
whenever  that  power  is  in  abeyance,  or  is  differently  directed.  By  these  move- 
ments the  aliment  is  brought  within  reach  of  the  pharyngeal  muscles,  whose  con- 
traction cannot  be  effected  by  iho  will,  but  is  purely  rejlex,  or  'exoi to-motor,' 
resulting  merely  from  the  conveyance  to  the  Medulla  Oblongatu  of  the  impression 
made  upon  the  fauces  by  t!ie  contact  of  the  eubstaoce  swallowed,  and  from  the 
reflexion  of  an  influence  excited  by  that  impressirm  back  to  the  muscles.  By 
these  it  is  propelled  down  the  oesophagus ;  and,  after  their  action  has  ceased,  it 
is  taken  up  (as  it  were)  by  the  inu.scular  coat  of  the  oesophagus  itself,  and  is 
conveyed  into  the  stomach.  How  far  the  movements  of  the  lower  parts  of  the 
oesophagus  and  of  the  stomach  are  in  Man  dependent  upon  reflex  action,  is  un- 
certain ;  thsi  facts  which  have  been  ascertained  en  this  point,  by  experiment  on 
animals,  wilt  be  detniled  in  their  prnper  place  (§§  82,  84). 

30.  The  Food,  of  which  certain  components  are  altered  in  the  mouth  by  the 
chemical  action  of  the  saliva,  is  brought  in  the  stomach  under  the  influence  of 
the  gastric  secretion ;  the  chemical  action  of  which,  aided  by  the  constantly- 
elevated  temperature  of  the  interior  of  the  body,  and  by  the  continual  agitation 
effected  by  the  contractions  of  the  parietes  of  the  organ,  effects  a  more  or  less 
complete  reduction  of  it.  Some  of  its  nutritive  components,  being  actually  dii- 
Bohed  by  the  gtistric  juice,  are  thu.9  prepared  for  immediate  absorption  ;  but  others 
require  the  admixture  of  the  biliary  and  pancreatic  accretions,  whereby  various 
changes  are  effected  in  their  condition,  which  prepare  them  also  for  being  re- 
ceived into  the  circulating  system.  The  nutritious  portion  being  gradually  taken 
up  by  the  Blood-vessels  and  by  the  Absorbent  vessels  (or  Iticteals),  which  are 
distributed  on  the  walls  of  the  alimentary  canal,  the  indigestible  residue  is  pro- 
pelled along  the  intestinal  tube  by  the  simple  contractility  of  its  walls,  undergoing 
at  the  same  time  some  further  change,  by  which  the  nutritive  materials  are  still 
more  completely  extracted  from  it.  And  at  last  the  excrementitious  matter, — 
consisting  not  only  of  the  insoluble  portion  of  the  food  taken  into  the  stomach, 
but  also  of  part  of  the  secretion  of  the  liver,  and  of  that  of  the  mucous  surface 
of  the  intestines  and  of  their  glandular  follicles, — is  voided  from  the  opposite 
extremity  of  the  canal,  by  a  muscular  exertion,  which  is  partly  reflex,  like  that 
of  deglutition,  but  is  partly  voluntary,  especially  (as  it  would  appear)  in  Man. 
The  whole  of  this  scries  of  operations,  by  which  the  nutritive  materials  are  pre- 
pared for  being  absorbed,  may  be  considered  as  constituting  the  function  of 

31.  The  introduction  of  the  nutritive  materials  thus  prepared  into  the  vessels 
which  convey  them  to  the  tissues,  constitutes  the  function  of  Abmrptifm.  But 
these  materials  undergo  important  changes  in  their  progress  towards  the  centre 
of  the  circulation,  whereby  they  are  brought  more  nearly  to  the  condition  of  true 
Blood ;  and  these  changes  are  designated  by  the  term  Assimilafion. — There  seems 
no  doubt  that  fluid  containing  saline,  albuminous^  or  other  matters  in  a  state  of 
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;)lete  solutioo,  may  be  absorbed  by  the  Blood-vessela  with  which  the  mncoug 

uieiubrane  of  the  alimentary  canal  is  bo  copiously  supplied  ^  and  this  simple 

of  Imbibition  probably  takes  place  according  to  the  physical  laws  of  En- 

lose.  But  the  selection  and  absorption  of  some  of  the  nutritive  materials 
Appear  to  be  performed,  not  by  veiuets,  but  by  the  specilie  vital  endowments  of  cclU 
(§  121),  which  subsequently  yield  up  their  contents  to  the  Lacteals.  Tlie  flnid 
thus  absorbed,  which  now  receives  the  name  of  Chyle,  is  propelled  through  the 
Lacteals  by  the  contractility  of  their  walls;  aided  in  part,  perhaps,  by  a  vi's  a 
teryo  derived  from  the  force  of  the  absorption  itself.  —  With  tbe  reception  of  the 
nutritious  food  into  the  vcseela  commences  its  real  preparation  for  Organization. 
Up  to  that  period  it  cannot  be  said  to  be  in  any  degree  vitalized;  the  changes 
which  it  has  underfl;one  being  only  of  a  chemical  and  physical  nature,  and  suck 
as  merely  prepare  it  for  subscf^ucnt  assimilation.  But  in  the  passage  of  that 
which  has  been  taken  up  by  the  Blood-vessels  thronirh  the  Liver,  very  important 
alterations  are  effected  in  ita  condition,  whereby  it  is  brought  to  a  state  more 
nearly  corresponding  with  true  Blood.  And  in  like  manner  the  Chyle,  in  f>asiiing 
through  tbe  long  and  tortuous  system  of  absorbent  vessels  and  glands,  nnder- 
poes  changes  which,  with  little  chemical  difference,  manifest  themselves  by  h 
decided  alteration  in  its  properties;  so  that  the  cbjte  of  the  Thoracic  duct  is 
e^Hdently  a  very  different  fluid  from  the  chyle  of  tbe  Lacteals,  approaching  much 
nearer  to  blood  in  its  general  ebamcters.  These  characters  are  such  as  indicate 
that  the  process  of  organization  and  vitalization  has  commenced ;  as  Uvay  be 
judged  alike  from  the  microscopic  appearance  of  the  fluid,  and  from  the  changes 
it  undergoes  when  removed  from  the  body.  The  Chyle  thus  modified  is  conveyed 
into  the  Sanguiferous  system  of  vessels,  in  which  it  is  mingled  with  tht  general 
mass  of  the  Blood ;  and  it  flows  directly  to  the  heart,  by  which  it  is  transmitted 
to  the  lungs.  It  there  has  the  opportunity  of  absorbing  oxygen,  and  of  exhaling 
hiM  superfluous  carbonic  acid,  and  probably  acquires  gradually  the  properties  by 
which  the  previously-formed  blood  ia  distinguished,  thus  becoming  tbe  pabulum 
viUt  for  the  whole  system. — The  fluid  which  is  brought  by  the  Lymphatic  system 
from  those  parts  of  the  organi.'^m  to  which  it  is  distributed,  is  obviously  of  a 
character  no  less  nutritive  than  the  chyle,  though  it  was  formerly  regarded  as 
excremenlitious.  Its  source  appears  to  be  partly  in  the  serous  transudation  which 
escapes  from  the  blood-vessels  into  the  substance  of  the  tissues,  the  fluperfluity 
of  which  is  taken  up  again  and  carried  back  into  the  circulation  by  the  lym- 
phatics;  and  partly,  it  may  be,  in  tbe  re-solution  of  such  portions  of  the  tissues 
themselves  as,  though  dead,  are  not  in  a  state  of  decompnaition  that  prevents 
their  components  from  being  again  made  available  as  nutritive  materials.  The 
Lymph,  like  the  chyle,  seems  to  undergo  aa  elaborating  proce;<}s  in  its  passage 
towards  the  thoracic  duct,  whereby  it  is  gradually  assimilated  to  blood  in  its 
nature. 

82.  The  Circulation,  of  the  Blood  through  the  tissues  and  organs  which  it  is 
destined  to  support,  is  a  process  evidently  necessary  alike  for  supplying  them 
with  the  nutritious  materials  which  are  provided  for  the  repair  of  their  waste,  and 
lor  removing  those  elements  of  their  fabrio  which  are  in  a  (itatc  of  incipient  de- 
r«omposition.  In  the  lowest  classes  of  organized  beings,  every  portion  of  tb«» 
[•tnicture  is  in  direct  relation  with  its  nutritive  materials;  it  can  absorb  for  itself 
that  which  is  required  ;  and  it  can  readily  part  with  that  of  which  it  is  desirable 
to  get  rid.  Hence,  in  such,  no  general  circulation  is  necessary.  In  Man, 
on  the  other  hand,  the  digestive  cavity  occupies  so  small  a  portion  of  the  body, 
that  tbe  organs  at  a  distanoe  from  it  have  no  other  means  than  their  vascular 
communication  affords  of  participating  in  the  products  of  its  operations ;  and  it 
is  moreover  necessary  that  they  should  be  continually  furnished  with  the  orgjin 
aable  materials,  of  which  the  occasional  operaLiyn  of  the  digestive  process  would 
Otherwise  afford  only  an  intermitting  supply.  This  is  especially  the  cai^),  »s 
iJready  mentioned,  with  the  Nervous  system,  which  is  so  predominant  a  feature 
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in  the  constitution  of  Man ;  and  wo  accordinj^ly  find  both  objects  provided  for, 
ID  tbc  formation  of  a  larpe  quantity  of  a  seini-orpanized  product,  which  contains 
within  itflctf  the  materiftlH  of  all  the  tissues,  and  is  constantly  being  carried  into 
rclntinn  with  them. — The  propulsion  of  the  Blood  through  the  large  trunks, 
which  BubBC(|uent]y  divide  into  ("apillsry  vessels^  is  due  to  the  contractions  of  a 
liullow  muscular  organ,  the  Heart ;  but  these,  like  the  peristaltic  movements  of 
the  alinientiiry  canal,  are  quite  independent  of  the  agency  of  the  Nervous  system; 
and  are  therefore  to  be  referred  to  the  class  of  Organic  movements,  such  as  occur 
in  Vegetiiblus.  The  rate  and  fiirce  of  the  heart's  movements  are  greatly  infla- 
euoed,  however,  by  conditions  of  the  Nervous  system ;  and  these,  also,  by  calling 
into  play  the  contractility  of  the  walls  of  the  arteries,  exert  a  powerful  influeDce 
upon  their  calibre,  and  conserjuently  upon  the  distribution  of  blood  to  particular 
parts  and  organs,  aa  we  see  in  the  actJi  of  blushing  and  erection. 

33.  Upon  the  circulation  of  the  Blood  through  all  parts  of  the  fabric,  depends 
in  the  first  place  the  Nvtrition  of  the  tissues.  Upon  this  subject,  formerly  in- 
volved in  the  greatest  obseurity,  much  liglit  has  recently  been  thrown  by  Micro- 
scopic discoveir;  it  being  now  understood  that  the  continued  growth  and 
renewal  of  eacn  tissue  is  effected  by  a  continuntion  of  a  process  essentially 
similar  to  tbnt  by  which  it  was  first  developed.  The  greatest  difficulty,  in  the 
present  condition  of  our  knowledge,  is  to  comprehend  the  reason  why  such  a 
variety  of  products  should  spring  up  in  the  first  instance,  when  the  cells  in  which 
they  all  originate  appear  to  be  so  exactly  alike.  The  important  discoveries  now 
referred  to  are  not  confined  to  healthy  structures;  for  it  has  been  ascertained  that 
dlaeased  growths  have  a  similar  origin  and  mode  of  extension;  and  that  the 
malffftiant  character  assigned  to  Schimis,  Medullary  Sarcoma,  and  other  such 
productions,  is  partly  connected  with  the  fact,  that  they  are  composed  of  cells 
which  undergo  little  metamorphrtsis,  and  retain  their  reproductive  power;  so  that 
from  a  single  cell,  aa  from  that  of  a  Vegetable  Fungus,  a  large  structure  may 
rapidly  spring  up,  the  removal  of  which  is  by  no  means  attended  with  any  cer- 
tainty that  it  will  not  speedily  reappear,  from  some  germs  left  in  the  system. — 
The  independent  vitality  of  the  cells  in  which  all  organized  tissues  originate, 
might  bo  of  itself  a  satisfactory  proof,  that  in  Animals,  as  in  ]*lanf8,  the  actiona 
of  Nutrition  are  effected  by  the  powers  with  which  they  are  individually  en- 
dowed; and  that,  whatever  influence  the  Nervous  system  may  have  upon  them, 
its  agency  is  not  essential  to  their  performance.  Pforeover,  it  is  certain  that  no 
formatiou  of  nervous  matter  fakes  place  in  the  embryonic  structure,  until  the 
processes  of  Organic  life  have  been  for  some  titne  in  active  operation.  The  influ- 
ence which  the  Nervous  System  is  known  to  have  upon  the  function  of  Nutrition, 
is  probably  exerted  in  two  ways;  first,  through  its  power  of  regulating  the  dia- 
meter of  the  artcTJcs  and  capiilaries,  by  which  it  controls  in  some  degree  the 
afflux  of  blood ;  and  secondly,  through  the  more  direct  relation  of  the  Nervous 
force  to  those  other  forma  of  Vital  agency,  which  manifest  themselves  in  the 
growth,  development,  and  matDtenance  of  the  living  tissues.  (See  PaiNO.  op 
Gen.  Phy8.) 

34.  The  continual  disintegration  to  which  the  living  tissues  are  subject,  from 
the  various  causes  already  referred  to,  renders  it  necessary  that  a  means  should  be 
provided  for  conveying  away  the  waste,  os  well  as  for  supplying  the  new  material. 
This  is  partly  effected  by  the  Venou.s  circulation;  which  takes  up  a  large  part  of 
the  products  of  incipient  decomposition,  and  conveys  them  to  organs  of  Exi^reti'/m^ 
by  which  ihey  may  be  separated  and  east  forth  from  the  body.  The  first  pro«Juct 
of  tbc  decay  of  all  organised  structures,  is  cnrhmtir  tin'if ;  and  this  is  the  one 
which  i.i  most  constantly  othI  rapidly  accutiiulating  in  the  fiyslemj  and  the  reten- 
tion of  which,  therefore,  within  the  bndy,  is  the  most  injurious.  Accordingly  we 
find  a  most  important  organ  —  the  I'ulmonary  apparatus  —  adapted  to  remove 
it;  and  to  this  the  whole  current  of  Venous  blood  parses,  before  it  is  again  sent 
through  the  system.     The  efficient  performance  of  this  function  of  i^e«^i'ru(i'<m 
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ifl  80  esflential  to  the  well-being  of  warm-blooded  animals,  that  a  special  heart  is 
provided  for  propelling  the  blood  throagb  their  Lungs,  in  addition  to  the  one 
possessed  by  most  of  the  lower  animals,  the  function  of  which  is  the  propulsion 
of  the  blood  through  the  system.  In  these  organs,  the  blood  is  subjected  to  the 
influence  of  the  atmosphere,  whereby  the  carbonic  acid  with  which  it  was  charged, 
is  removed  and  replaced  by  oxygen ;  aitd  this  change  takes  place  through  the 
delicate  membrane  that  lines  the  air-cells,  in  accordance  with  the  physical  law  of 
the  mutual  difiusion  of  gases.  But  the  introduction  of  Oxygen  into  the  blood, 
also,  is  necessary  for  the  maintenance  of  those  peculiar  vivifying  powers,  by  which 
the  Nervous  and  Muscular  systems  are  kept  in  a  state  fit  for  activity ;  and  its 
union  with  their  elements  appears  to  be  a  necessary  condition  of  the  manifestation 
of  their  peculiar  powers.  Of  this  union,  carbonic  acid  is  one  of  the  chief  pro- 
ducts ;  and  we  shall  find  that  the  demand  for  oxygen,  and  the  excretion  of  oar-  - 
bonic  acid,  vary  according  to  the  amount  of  Nervo-Muscular  action  put  forth. 
The  continual  formation  of  carbonic  acid,  in  this  and  other  interstitial  changes, 
has  a  most  important  purpose  in  the  vital  economy,  that  of  keeping  up  its  tempe- 
rature to  a  fixed  standard ;  for  the  union  of  carbon  and  oxygen  in  this  situation 
may  be  compared  to  a  process  of  slow  combustion,  and,  in  combination  with  other 
oombustive  processes  Tin  which  hydrogen,  sulphur,  phosphorus,  &o.,  undergo  oxi- 
dation), it  is  the  principal  means  of  sustaining  the  independent  heat  of  the  'warm- 
blooded' animal.  There  is  in  the  system  a  certain  self-adjusting  power,  whereby 
the  consumption  of  the  pabulum  provided  foi*  the  combustive  process  is  regulated 
aooording  to  the  external  temperature ;  so  that  whilst,  the  external  temperature 
being  the  same,  the  amount  of  carbonic  acid  excreted  varies  with  the  degree  of 
muscular  exertion  made  by  the  individual,  any  depression  of  the  external  tempe- 
rature, requiring  an  augmented  production  of  heat,  occasions  an  incioased  com- 
bustion of  the  oxidizable  solids  of  the  body,  which  is  indicated  by  an  ibcrease  in 
the  exhalation  of  carbonic  acid  from  the  lungs.  — The  interchange  of  oxygen  and 
carbonic  acid  between  the  atmosphere  and  the  blood,  can  only  be  kept  up  by  a 
continual  renewal  of  the  air  in  the  ititerior  of  the  lungs,  and  of  the  blood  in  their 
capillaries.  The  former  is  effected  by  a  set  of  muscular  movements  that  depend 
on  the  'reflex'  power  of  certain  nervous  centres,  and  not  on  any  exertion  of  the 
will  of  the  individual.  It  is  not  even  requisite  that  he  should  be  conscious  of 
their  performance;  the  ordinary  power  of  the  stimulus  that  excites  the  movement, 
not  being  sufficient  to  cause  itself  to  be  felt,  unless  his  attention  be  specially 
directed  to  it.  But  if  the  respiratory  movements  be  suspended  for  a  short  time, 
sensations  of  distress  are  soon  experienced,  which  rapidly  augment  with  thb  con- 
tinuance of  the  suspension ;  and  no  exertion  of  the  will  can  any  longer  prevent 
the  performance  of  the  movements  which  are  appropriate  to  relieve  them.  Thus 
we  see  that  these  movements,  although  placed  in  Man  under  the  control  of  the 
Will  to  such  an  extent  as  to  enable  him  to  regulate  them  in  the  actions  of  speech, 
are  in  themselves  quite  as  independent  of  that  will,  as  are  those  of  the  Heart, 
whose  automatic  power  has  been  already  alluded  to. 

35.  The  function  of  the  Liver  as  an  excreting  organ  is,  like  that  of  the  lungs, 
two-fold :  it  separates  from  the  blood  a  large  quantity  of  the  superfluous  hyJro- 
tarbon,  which  it  acquires  in  circulating  through  the  tissues;  and  it  combines  this 
with  other  elements,  into  a  secretion  which  is  of  great  importance  in  the  digestive 
process.  The  hepatic  circulation,  however,  is  not  kept  up  by  a  distinct  impelling 
organ;  but  the  venous  blood  from  the  abdominal  viscera  (and  in  the  lower  Yer- 
tebrata,  that  from  the  posterior  part  of  the  body)  passes  through  the  liver  on  its 
return  to  the  heart. — But  further,  all  animal  substances  have  a  tendency,  during 
their  decomposition,  to  throw  off  nitrogen,  as  well  as  carbon;  and  this  nitrogen, 
in  combination  with  other  elements,  forms  those  pectiliar  azotized  compounds, 
which  it  is  the  special  function  of  the  Kidney  to  eliminate  from  the  circulating 
fluid.  The  most  characteristic  of  these  in  Man«  namely  urea^  contains  a  larger 
proportion  of  nitrogen  than  is  found  in  any  other  organic  compound ;  and  \» 
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identical  in  its  clietniful  nature  with  cy&nate  of  Htiimonta.  Its  production  Becma 
in  great  part  to  depend  up<rii  the  disiDtcgrntion  of  tbct  Muscular  tissue ;  but  there 
i»  also  evidence  that  it  may  result  frtini  the  retrograde  metamorphoaia  of  Albniui- 
noufl  or  even  of  Gotatinous  niatters  circuhiting  in  tSje  blood.  The  action  of  the 
Kidneya,  which  aim  serve  sa  emunotories  for  various  soluble  matters  (especially 
saline  compounds)  whose  tocumulation  'A  tbe  blood  would  be  injurioua,  is  equally 
essential  to  the  continued  performance  of  the  other  vital  functions,  with  that  of 
the  lungs  and  liver;  since  d<Nith  invariably  follows  its  euspcTision,  unless  some 
other  means  be  provided  by  Nature  (as  ocoaBioDally  happens),  for  the  sepamtion 
of  its  cbaractcristio  cicrctioa  from  the  circulating  blood. — But  further,  the  repu- 
lation  of  the  amount  of  fluid  in  the  vcRsels  is  provided  in  a  kind  of  ta/ettf-valvt 
structure,  existing  in  tbe  Kidneys,  which  readily  permits  the  escape  of  aqueous 
Jiuid  from  the  cjipillary  vessels,  into  the  urinary  canals,  by  a  process  of  physical 
transudation,  which  is  altogether  distinct  from  the  secretion  of  that  toHd  matter, 
which  it  is  the  office  of  the  kidneys  to  separate  from  the  circulating  blood. 
Hence,  if  the  excretion  of  fiuid  from  the  skin  be  checked  by  cold,  so  that  ao 
accumulation  would  take  place  in  the  vessels,  tbe  increased  pressure  withiti  them 
cau.scs  an  increased  escape  of  water  through  the  kidneys. 

36.  The  various  Setretions  which  have  not  already  been  adverted  to,  appear 
for  the  most  part  to  hiivo  for  their  object  the  performance  of  some  special  func- 
tion in  the  system,  rather  than  the  eonveyahce  out  of  it  of  any  substances  which 
it  would  be  injurious  to  retain.     This  is  tbe  case,  for  eiam,ple,  in  regard  to  the 

jretioD  of  the  Lachrymal,  Salivary,  and  Mammary  Glands,  as  well  as  with  that 
of  the  Mucous  and  Serous  Membranes.  The  excretion  of  fiuid  f^m  the  Cuta- 
ncous  surface,  however,  appears  to  answer  two  important  purposes,  —  the  removal 
from  the  body  of  a  portion  of  its  superfluous  fluid,  containing  products  of  decom- 
(lositioo,  —  and  the  regulation  of  its  temperature.  Just  as,  by  the  action  of  the 
Lungs,  the  conditions  are  supplietl,  by  which  the  temperature  of  the  body  is  kept 
up  to  a  certain  standard,  so^  by  that  of  the  Skin,  this  is  prevented  from  rising  Uto 
high ;  for  by  the  continual  exudation  from  ils  surface  of  fluid  which  has  to  be 
carried  off  by  evaporation,  a  degree  of  cold  is  generated,  which  keeps  the  calorific 
processes  iu  cheek;  and  this  exudation  is  augmeulcd  in  proportion  (o  the  eleva- 
tion of  the  external  temperature,  which  seems,  in  fact,  the  direct  stimuius  to  the 
process.  —  In  all  forms  of /rue  Secretion,  the  selection  of  the  materials  to  be  sepa- 
rated from  the  blood,  is  accomplished,  like  selective  Absorption,  by  the  agency 
of  telh.  These  an;  developed  in  the  interior  of  the  secrt^ting  orpiu  ;  and  when 
they  are  distended  with  the  fluid  they  have  imbibed,  thfy  either  allow  it  to  escape 
by  transudation,  or,  their  term  of  life  having  expired,  they  buret  or  liquefy,  dis- 
charging their  conteuta  into  the  ducto,  by  which  the  product  thus  secreted  is  con- 
veyed away.  In  the  case  of  Adipose  tissue,  we  have  an  instance  in  which  the 
secreted  product  (separated  from  the  blood  by  the  cells  of  which  this  tissue  essen- 
tially consists)  is  uot  carried  out  of  the  body,  but  remains  to  form  a  constituent 
part  of  it. 

37.  There  is  no  sufficient  reason  to  believe,  that  the  Nervous  System  has  any 
more  direct  influence  on  the  process  of  Secretion,  than  it  has  been  stated  to  have 
on  that  of  Nutrition.  That  each  glandular  organ  has  an  independent  action  of 
its  own,  ic  virtue  of  the  endowments  of  its  component  celts,  can  scarcely  now  bo 
doubted.  Still,  daily  experience  tenclica  that  almost  every  secretion  in  the  body  is 
affected  by  states  of  Mind,  which  mu.st  operate  through  the  nerves;  and  while 
this  may  be  fairly  accounted  for  in  piirt  by  the  remarkable  iofluence  which  the 
Nervous  (tysteui  possesses  over  the  Circulation,  it  must  also  be  in  part  attributed  to 
the  BpeciaJ  agency  of  the  Nervous  force  upon  the  chemical  or  vital  process  of 
Secretion  itself.  The  flow  of  the  secretfid  fluids  through  their  efl^erent  duets 
seems  to  be  principally  caused  by  the  proper  contractility  of  these,  which  (like 
that  of  the  heart  and  alimentary  canal)  is  directly  stimulated  by  the  contact  of 
their  cooteatsj  but  there  is  ako  evidence  that  this  coutraotilitj  may  be  affected 
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(fls  5t  is  in  tliose  two  instances)  by  the  nervoua  system.  Where,  as  happens  in 
the  case  of  the  urinary  excretion,  there  ia  a  reservoir  into  which  it  is  received  ns 
fust  oa  it  ia  formed,  for  the  purpf^se  of  preventing  the  inconvenience  which  its 
constant  passage  from  the  body  would  otherwise  occasion,  the  power  of  emptying 
this  reservoir  is  usually  placed  in  some  degree  under  the  dominion  of  the  will, 
althnugh  chiefly  governed  by  reflex  action.  It  is  obvious  that  such  a  provision  is 
by  no  means  essential  to  the  function  ;  and  that  it  has  for  its  object  the  udaptA* 
tioQ,  merely,  of  that  function  to  the  conditions  of  Animat  exig^tence. 

38.  Thus  we  see  that  when  we  enter,  as  it  were,  into  the  penflralia  of  the 
Animal  system,  and  study  those  processes  in  which  the  developuicat  and  maiute- 
nance  of  the  mnterial  fabric  essentially  consist,  we  fimi  them  performed  under 
conditions  essentially  the  same  as  those  which  obtain  in  Plants;  and  we  observe 
that  the  operations  of  the  Nervous  System  have  none  but  an  indirect  iutliicnce 
or  control  over  tbem.  It  is,  therefore,  quite  philosophical  to  distinguish  these 
Organio  Functions,  or  phenomena  of  Vegetative  Life,  from  those  concerned  in 
the  Life  of  Relation,  or  Animal  Life.  The  distinction  is,  indeed,  of  great  prac- 
tical importaDoe,  and  lies  at  the  foundotlon  of  all  Physiologieal  Science;  yet  it  is 
seldom  aocumtely  made,  and  very  confused  notions  on  the  subject  are  generally 
prevalent.' 

39.  The  process  of  Generation,  like  that  of  Nutrition,  has  been  until  recently 
involved  in  great  obscurity;  and  althongb  it  cannot  be  said  to  be  yet  fully  eluci- 
dated, it  has  been  broughtr,  by  l:ite  investigations,  fur  more  within  our  compre- 
heoston,  than  wag  formerly  deemed  poeaibje.  The  close  connection  between  the 
Reproductive  and  Nutritive  operations,  both  as  regards  tbctr  respective  charac- 
ters, and  their  dependence  upon  one  another,  has  long  been  recoguized ;  and  it  is 
now  rendered  still  more  evident.  Nutrition  has  not  unaptly  been  designated,  "a 
perpetual  reproduction;"  and  the  expression  is  strictly  correct.  In  the  fully- 
ilirnied  organisto,  the  supply  of  alimentary  material  to  every  part  of  the  fabric 
enables  it  to  produce  a  tissue  resembling  itself;  thus  we  ordinarily  And  true  bone 
produced  only  in  continuity  with  bone,  nerve  with  nerve,  muscle  with  muscle, 
and  so  on.  Hence  it  would  appear  that,  when  a.  portion  of  tissue  has  once  taken 
on  a  particular  kind  of  action,  it  continues  to  reproduce  itself  on  the  same  plan. 
But  in  the  proper  Generative  procpsa  it  is  different.  A  single  cell  is  generated 
by  certain  preliminary  actions,  from  which  cell  all  those  which  subsequently  com- 
pose the  embryonic  structures  take  their  origin;  and  it  is  not  until  a  later  period 
that  any  distinction  of  parts  can  be  traced,  in  the  mass  of  vesicles  which  spring 
from  it.  This  distinction  becomes  more  and  more  obvious  as  development  ad- 
vances; the  form  and  position  of  the  principal  organs  beiug  first  mnrked  out  by 
peculiar  aggregations  of  cells  ;  and  the  intimate  structure  of  each  being  brought, 
by  progressive  metamorphosis  of  the  tissues  consecutively  developed  from  these, 
to  the  typo  which  is  characteristic  of  it.  —  Hence  we  may  state  the  essential 
character  of  the  function  of  Generation  to  consist  in  the  production  of  a  cell  of 
most  peculiar  endowments;  which,  when  supplied  with  nutriment,  and  acted  on 
by  warmth,  docs  not  simply  multiply  itself  so  as  to  produce  a  mere  nggregntioti 
of  similar  cells,  but  gives  origin  to  a  succession  of  br(xxls,  which  undergo  such 
hetemgcDeous  transforniations,  as  ultimately  to  evolve  an  organism  capable  of 
maintaining  an  independent  existence,  in  which  tbe  number  of  different  parts  is 
equal  to  tkat  of  the  functions  to  be  performed,  each  separate  part  having  an  office 
distinct  from  that  of  the  rest,  and  being  specially  adapted  to  it  alone. 

40.  But,  it  will  be  inquired,  how  and  where  in  tbe  Human  body  (and  la  the 

'  It  has  b«ea  often  sAid,  for  emnipte,  that  the  function  of  ReBpimtion  ia  the  connecting 
link  between  tbe  two:  the  fact  beinp,  however,  that  the  Irut  prooeu  of  Beapimtion  ia  no 
more  a  ftinotion  of  Animal  life,  than  ia  any  ordinary  process  of  secretion :  but  thnt,  in 
order  to  seonro  the  constant  iutercitange  of  air,  which  is  necessary  to  ita  performance,  the 
BMUtaaM  of  tbe  nervoua  and  muscalar  systems  ia  called  in,  though  not  io  a  manner  which 
nooMniily  involvM  either  eotudoiunett  or  teiiL 
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higher  Animala  iq  general)  is  this  emhryonic  vesicle  produced ;  and  what  are  the 
relative  offices  of  tlie  two  ecxes  in  ita  formation  ?  This  is  a  question  which  mast 
still  he  answered  with  Bome  degree  of  doubt ;  and  yet  observed  phenomena,  if 
explained  by  the  aid  of  analogy,  seem  to  lead  to  a  very  direct  conclusion.  The 
embryonic  vesicle  itself,  like  other  cells,  must  arise  from  a  rrerni ;  and  reasons 
will  be  hereafter  piven  for  the  belief,  that  this  germ  is  the  product  of  the  admix- 
ture of  the  contents  of  the  '  sperm  cell'  of  the  male  with  that  of  the  *  germ  ceil' 
of  the  female ;  and  that  this  admixture  is  requisiito  for  the  regeneration  of  that 
'germinal  capacity/  which  is  gradually  expended  in  the  dcvelopmeTital  process. 
The  operation  immediately  concerned  in  this  function,  as  in  that  of  Nutrition. — 
namely,  the  preparation  of  the  'eperia  cella'  and  of  the  'perm  cells,'  the  act  of 
fecundation,  and  the  devolnpment  of  the  emhr^-o,  —  arc  not  dependent  upon  ner- 
vous agency t  and  are  hut  little  infiucuced  by  it;  and  the  functioDS  of  Animal 
Life  are  called  into  play  only  in  the  preliminary  and  concluding  steps  of  the  pro- 
0688.  In  many  of  the  lower  Animals,  thore  is  no  sexual  congress,  even  where 
the  (X>ncurreot  action  of  two  sets  of  organs,  belonging  to  two  separate  individuals, 
is  necessary  for  the  process;  for  the  ova  are  liberated  by  one,  and  the  sperm.^ 
zoa  by  the  other,  and  the  accidental  meeting  of  the  two  produces  the  requi 
result.  In  many  Animals  higher  in  the  sctilo,  the  impulse  which  brings  the  sexes 
togother  is  of  a  purely  instinctive  kind.  But  in  Man,  it  ia  of  a  very  compound 
nature.  The  instinctive  propensity,  unless  unduly  strong,  is  controlled  and  guided 
by  the  Will;  and  serves  (like  the  feelings  of  hunger  and  thirst)  as  a  stimulus  to 
Ihe  reasoning  processes,  by  which  the  means  of  gratifying  it  are  obtained  ;  while 
%  moral  sentiment  or  affection  of  a  much  higher  kind  is  closely  connected  with  it, 
which  acta  as  an  additional  incitemiint.  Those  movements,  however,  which  ara 
Tjiost  tla<sely  connected  with  the  essential  part  of  the  prctccss,  are,  like  those  of 
deglutition,  respiration,  &c.,  simply  reflex  and  involuntary  in  their  character; 
and  thus  we  have  auother  proof  of  the  constancy  of  the  principle,  thst,  where  the 
action  of  the  apparatus  of  Animal  Life  is  brought  into  near  connection  with  the 
Organic  functions,  it  is  not  such  as  requires  the  operation  of  the  purely  animal 
powers,  —  sensatioa  and  volition. 

4L  Thus,  then,  as  it  has  been  lucidly  remarked,  it  may  be  affirmed,  as  most 
consisteat  with  our  present  knowledge,  "  that  the  whole  Organic  life  nf  Animals, 
—  t.  c,  everything  which  goes  on  in  them  without  the  intervention  of  any  sensa- 
tion  or  other  mental  act,  —  may  go  on  without  the  intervention  of  the  Nervous 
System,  and  stands  in  no  relation  of  dependence  to  any  changes  in  nervous  mat- 
ter; just  OS  die  corresponding  functions  of  circulation,  nutrition,  secretion,  ab.«orp- 
tion,  go  on  in  equal  perfection  in  the  lowest  class  of  animals  among  which  no 
nerves  are  detected,  and  in  the  whole  vegetable  kingdom  in  whiclj  there  is  no 
plausible  reason  for  supposing  that  nerves  exist :  and  that  the  Nervous  System 
lives  and  grows  within  an  Animal,  as  a  para>iitic  Plant  does  in  a  Vegetable;  with 
its  life  and  growth,  certain  Rcnsations  and  mental  acta,,  varying  in  the  different 
classes  of  Animals,  are  connected  by  nature  in  a  manner  altogether  inscrutable 
to  man;  but  the  objects  of  the  existence  of  Animals  require,  that  these  mental 
acts  should  exert  a  powerful  controlling  influence  over  all  the  textures  and  organs 
of  which  they  are  composed."  ' 

3.  I\inct{oiu  of  Animal  Life. 

42,  The  existence  of  comcioweneu,  by  which  the  individual  (le  mm,  in  the 
language  of  French  physiologists)  becomes  srttsihfe  of  impres-sions  made  upon  its 
bodily  structure,  —  and  the  power  of  sponfnneousf^  exciting  contractions  in  its 
tissues,  by  which  evident  motions  are  produced, — are  to  be  regarded  as  the 
characteristic  attributes  of  the  beings  compo.«"ing  the  Animal  Kingdom  ;  although 

'  See  "Brit,  and  For,  Med.  Rev,"  toI.  iii.  (1837),  pp.  0, 10.— The  whoie  of  the  masterlj 
Article  from  wbioti  the  above  extract  is  taken,  is  well  desenriog  of  perusal. 
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iheir  possession  by  many  of  the  tribes  which  seem  to  have  their  appropriate  place 
in  that  kingdom,  is,  to  say  the  least,  extremely  doubtful.'  Of  the  movements 
exhibited  by  Animals,  there  are  many  which  are  no  more  to  be  regarded  as  indi- 
cations of  consciousness,  than  are  those  executed  by  certain  plants;  being  simply 
the  expressions  or  manifestations  of  a  peculiar  kind  of  vital  force  in  the  tissues 
by  whose  instrumentality  they  are  performed.  Such  movements,  in  beings  of 
lowest  organisation,  probably  beaf  a  much  greater  proportion  to  the  whole  amount 
of  those  exhibited  by  them,  than  they  do  in  the  higher;  whilst  those  which  we 
may  regard  as  specially  dependent  on  a  nervous  system,  appear  to  constitute  but 
a  small  part  of  their  general  vital  actions.  The  life  of  such  beings,  therefore, 
bears  a  much  closer  resemblance  to  that  of  the  Vegetable,  than  to  that  of  the 
higher  Animal.  Their  oi^nio  functions  are  performed  with  scarcely  more  of 
sensible  movement  than  is  seen  in  plants ;  and  of  the  motions  which  they  do 
exhibit  (nearly  all  of  them  immediately/  concerned  in  the  maintenance  of  the 
organic  functions),  it  is  probable  that  many  are  the  result  of  the  simple  contrac- 
tility of  their  tissues,  called  into  action  by  the  stimuli  directly  applied  to  them. 
It  is  scarcely  possible  to  imagine  that  such  beings  can  enjoy  any  of  those  higher 
mental  powers,  which  Man  recognizes  by  observation  on  himself,  and  of  which 
he  discerns  the  manifestations  in  those  tribes,  which,  from  their  nearer  relation  to 
himself,  he  regards  as  more  elevated  in  the  scale  of  existence.  —  If  we  direct  our 
attention,  on  die  other  hand,  to  the  p$ychical'  operations  of  Man,  as  forming  part 
of  his  general  vital  actions,  we  perceive  that  the  proportion  is  completely  reversed. 
So  far  from  his  Organic  life  exhibiting  a  predominance,  it  appears  entirely  subor- 
dinate to  his  Animal  functions,  and  seems  destined  only  to  afford  the  conditions 
for  their  performance.  If  we  could  imagine  his  nervo-muscular  apparatus  to  be 
isolated  from  the  remainder  of  his  corporeal  structure,  and  to  be  endowed  in  itself 
with  the  power  of  maintaining  its  integrity,  we  should  have  all  that  is  essential 
to  oar  idea  of  Man.  But,  as  at  present  constituted,  this  apparatus  is  dependent, 
for  the  conditions  of  its  functional  activity,  upon  the  nutritive  apparatus;  and  the 
whole  object  of  the  latter  appears  to  be  the  supply  of  those  conditions.  That  his 
mental  activity  should  be  thus  made  dependent  upon  the  due  supply  of  his  bodily 
wants,  b  a  part  of  the  general  scheme  of  his  prolMitionary  existence;  and  the  first 
excitement  of  his  intellectual  powers  in  a  great  degree  results  from  the  demand 
thus  set  up  for  alimentary  material. 

43.  The  ministration  of  the  Nervous  System  to  purely  Animal  life,  obviously 
consists  in  part  in  rendering  the  mind  cognizant  of  that  which  is  taking  place 
around,  and  in  enabling  it  to  act  upon  the  material  world,  by  the  instruments  with 
which  the  body  is  provided  for  the  purpose.  It  is  important  to  observe,  that 
every  method  at  present  certainly  known,  by  which  Mind  can  communicate  with 
Mind,  involves,  in  the  first  place,  a  generation  of  nervous  force,  which  excites 
muscular  contraction ;  secondly,  a  physical  change  determined  by  that  contraction, 
the  medium  of  which  may  be  sound,  light,  or  motion ;  and  thirdly,  the  operation 
of  this  physical  change  as  an  '  impression'  upon  the  sensory  nerves,  and  through 
them  upon  the  sensorial  ganglia,  of  the  other  party.  Such  is  the  case,  for  exam- 
ple, not  only  in  that  communication  which  takes  place  by  language,  whether  writ- 
ten or  spoken ;  but  in  the  look,  the  touch,  the  gesture,  which  are  so  frequently 
more  expressive  than  any  words  can  be :  and  thus  we  see  that  our  interchange  of 
ideas  and  emotions  which  are  most  jinrelj  p^chiaxl  in  their  nature,  can  only  be 
accomplished  through  the  intermediation  of  phiftical  forces.  That  imperfections 
in  such  communication  are  thus  involved  in  the  very  nature  of  our  present  condi- 
tion, and  that  all  the  higher  operations  of  the  mind  are  trammelled  and  restricted 
by  the  limited  powers  of  its  corporeal  instrument,  is  a  matter  of  constant  and  indu- 

'  S«e  "  Principles  of  Gomparative  Phyaiology,"  Cliap.  XIII. — Am.  Ed. 

■  Here  and  elsewhere  this  term  will  be  employed  in  its  most  extended  sense,  to  designate 
•a  the  mental  operations, — whether  intelleotnal,  emotional,  or  instinctive,  —  of  which 
Man's  nervous  ^stem  is  the  instmment. 
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bituble  experience.  On  the  other  hand,  that,  in  a  future  state  of  beinf;,  the  cnra- 
muuioD  of  mind  with  mind  will  be  more  intimate,  atid  tbut  Man  will  be  admitted 
into  more  immediate  converse  with  the  Supreme  Intelligence,  appears  to  be  alike 
the  teaching  of  the  mciat  enniprchensivc  Philosophical  iaquiries,  and  of  the  most 
direct  Ktfvclation  of  the  Divinity. 

44.  The  Organs  of  Sense  are  instruraentu,  which  are  adapted  to  enable  particu- 
lar nor^'ea  to  recei\»e  inipressious  from  without,  of  a  kind,  and  in  a  degree,  of 
which  they  would  not  otherwise  tic  Rensible.  Thus,  although  the  simple  mecha- 
nical impression  produced  by  contjict  of  a  hard  body,  produces  such  a  change  iu 
it,  as,  being  propagated  to  the  central  scn^orium,  excites  sensation  there,  it  is 
evident  that  a  nerve  must  be  peculiarly  modified  at  its  peripheral  expansion  to 
rweive  its  impressions  from  the  undulations  of  the  air;  still  more,  to  be  suscepti- 
ble of  the  impressions  produced  by  those  undultitiotis  to  which  most  Natural  Phi- 
losophers now  Bttribute  the  transmission  of  light.  And,  even  when  this  has  been 
provided  for,  by  some  modification  in  the  structure  or  arrangements  of  the  nerve 
fibres  themselves,  or  of  the  vesicular  matter  in  connection  with  them,  a  further 
provision  is  still  required  for  giving  to  the  mind  a  distinct  consciousness  of  exter- 
nal objects  in  all  their  variety  of  shapes,  colours,  lights  and  shadows,  &c. ;  or  for 
enabling  it  to  form  ideas  of  the  direction,  pitch,  quality,  &c.,  of  sonorous  undula- 
tions There  is  reason  to  believe  that  many  among  the  lower  Animals,  which 
cannot  <«e  objects  around  theui,  are  conscious  of  the  infiucuce  of  light ;  and  thu;s 
the  distinction  between  the  mere  reception  of  the  impression,  and  the  excitement 
of  a  visual  perception,  becomes  evident.  The  former  may  talie  place  through  the 
intervention  of  nerves,  whose  sensory  extremities  offer  no  extraordinary  peculiar- 
ities:  the  latter  can  only  be  received  through  the  medium  of  an  instrument,  which 
shall,  from  the  mixture  of  rays  fulling  equally  upon  every  part  of  its  surface,  pro- 
duce an  optical  image,  and  then  impress  it  upon  the  expanded  surface  of  the 
nerve ;  so  that,  each  fibril  receiving  a  distinct  impression,  the  mind  may  form  its 
picture  by  the  combinatioa  of  the  whole. — That  this  is,  iu  fact,  the  ehare  which 
the  organs  of  Special  Sense  bear  in  the  general  endowments  of  the  whole  appa- 
ratus,  may  be  inferred  especially  from  the  conformation  of  the  Eye ;  wliich  ia  in 
every  respect  a  merely  optical  instrument,  of  the  greatest  beauty  and  perfection, 
adapted  to  form  upon  the  retina,  iu  the  most  advantageous  manner,  the  images 
of  surrciunding  objects  in  all  their  variations.  —  There  can  be  little  doubt,  that 
the  structure  of  the  Ear  is  arranged  to  da  the  same  for  the  sonorous  vibrations, 
which  the  eye  does  for  the  rays  of  light ;  that  is,  through  its  means,  the  undula- 
tions which  strike  upon  the  extenial  surface  of  the  organ  are  separated  and  dis- 
tinguished, those  of  a  like  kind  being  brought  together  upon  one  division  of  the 
nerve,  and  those  of  another  order  upon  a  different  set  of  fibres  j  so  that  the  dif- 
ferent kinds  of  sound,  and  the  peculiar  quality  and  direction  of  each,  may  be  dis- 
criminated; whilst,  by  the  concentration  of  all  the  impressions  of  the  same  charac- 
ter, a  higher  amount  offeree  is  given  to  them. — The  apparatus  which  miuisters, 
however,  to  the  sense  of  Smell,  is  far  less  complete  in  iis  endowments;  for  it 
serves  only,  in  Man  at  leo.st,  for  the  distxltnination  of  odorous  emanations,  and 
affords  no  guidance  with  regard  either  to  their  direction  or  their  source.  In  fact, 
the  kind  of  information  which  Man  receives  through  this  sense,  seems  very  much 
akin  to  that  which  the  lowest  animals  possessing  visual  organs  can  derive  from 
(heir  employment.  Still  a  special  organ  of  sense  is  required,  to  enable  the  olfao- 
tive  nerve  to  be  impressed  by  the  peculiar  agency  of  odorous  emanations ;  which, 
whatever  bo  their  nature,  have  no  operation  upon  ordinary  sensory  surfaces. — 
It  is  not  a  little  remarkable,  that  the  ppeciality  of  organization  of  the  nerves  of 
Sight,  Hearing,  and  Smell,  renders  them  incapable  of  receiving  ordinary  mecha- 
nical impressions ;  so  that  the  contact  of  solid  substances  with  the  sensory  sur- 
faces which  they  fiupply,  is  not  felt,  except  through  the  instrumentality  of  other 
nerves;  and  no  irritation  of  their  trunks,  mechanical  or  otherwise,  gives  rise  to 
feelings  of  pain.     The  sense  of  Tafite,  however,  though  special  in  regard  to  the 
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peculiarity  of  tLe  impressionB  whicli  its  orpran  is  adapted  to  receive,  is  closely  akin 
to  that  of  Touch  in  tho  conditions  under  which  it  is  exercised;  the  ahsolute  contact 
of  the  sapid  substance  with  the  sensory  surface  bcin^  requisite;  and  the  papillary 
organs  in  which  the  gustative  nerves  may  be  said  to  originate,  being  essentially 
the  same  in  stracture  with  those  of  ordinary  tactile  surfaces. 

45.  The  Brain  and  Spinal  Cord  of  Man,  in  which  by  far  the  greater  part  of 
the  afferent  nerves  terminate,  and  from  which  nearly  all  the  motor  nerves  arise, 
may  be  considered  as  made  up  of  an  ajipregation  of  a  number  of  distinct  gan- 
glionic centres,  each  of  which  has  its  peculiar  endowments,  and  is  connected  with 
nervous  trunks  of  its  own.  —  Commenrinfr  with  the  t^jnntil  Cord,  we  find,  on 
comparing  it  with  the  ganpliated  column  of  Articulated  animals,  that  it  really 
consists  of  a  series  of  ganglia  disposed  in  a  lon^'itudinal  line,  which  have  coa- 
lesced with  each  other;  each  ganglion  heinp  the  centre  of  the  'nervous  circle' 
proper  to  one  vertebral  segment  of  the  trunk.  Throughout  the  entire  series  we 
find  no  other  endowment  than  that  of  reacting  upon  an  excitant ;  this  excitant 
being  either  conveyed  by  the  afferent  nerve-tninks,  or  transmitted  downwards 
from  the  higher  parts  of  the  nervous  system.  No  impression  which  is  limited  to 
this  wries  of  ganglia  excites  any  sensorial  change ;  so  that  we  may  consider  the 
Spinal  Cord  aa  the  special  instrument  of  the  '  excito-motor '  division  of  the  func- 
tions of  the  nervous  system.  The  ordinary  Spinal  nerves  are  distributed  to  the 
sensory  surfaces  and  to  the  muscular  apparatus  of  the  body  generally ;  but  at  the 
onniniit  of  the  Cord  we  find  a  peculiar  set  of  pnngHonic  centres,  included  in  that 
part  which  is  distinguished  as  the  MtduNa  OUoiujata,  whose  nerves  are  distri- 
buted to  the  organs  of  Respiration,  Deglutition,  &c.,  and  whose  function  consists 
in  tnstaining  the  muscular  movements,  whose  performance  is  essential  to  the  con- 
tinuAnoe  of  these  functions.  The- movements  in  question  are  purely  rejhjr  ;  and 
there  is  no  other  reason  for  distinjiuishing  the  endowments  of  the  Medulla  Ob- 
longata from  those  of  the  Spinal  Cord,  save  that  which  airises  out  of  the  speciality 
of  the  purposes  to  which  the  movements  are  subservient. — At  the  summit  of  the 
Spinal  Cord,  and  partly  lodged  in  the  substance  of  the  Medulla  Oblongata,  we 
,^d  the  series  of  Sensory  Ganglia,  which  may  in  their  totality  be  considered  as 
ing  up  the  Sriwrrium.  This  includes  the  centres  to  which  proceed  the 
Mrres  of  *  special  sense;'  and  we  may  probably  nink  with  it  a  pair  of  ganglionic 
mafBCfl  (the  'thalami  optici')>  towards  which  certain  afferent  fibres  of  the  spinal 
trunks  appear  traceable,  that  do  not  find  their  ganglionic  centres  in  the  spinal 
ganglia,  but  seem  to  pass  upwards  to  the  sensoriuni,  thnt  they  may  there  excite 
sensational  changes  of  the  'common'  or  tactile  kind.  From  these  Sensory  Gan- 
glia we  do  not  find  any  motor -trunks  ostensibly  originating;  but  fibres  pass 
downwards  from  them  into  the  Spinal  cord,  which  either  directly  enter  its  efferent 
nerve-trunks,  or  which  serve  to  excite  to  action  the  ganglia  from  which  thoi^e 
trunks  arise ;  so  that  '  reflex  '  actions  are  performed  by  the  instrumentality  of  the 
sensorial  ganglia,  which,  however,  differ  from  those  of  the  spinal  cord,  in  requiring 
Sensation  as  a  necessary  link  in  the  series  of  changes.  The  Sensory  ganglia  are, 
therefore,  the  centres  of  the  consnisval  or  senxori-motor  actions.  — This  series  of 
;lioDie  ceotrea  corresponds  with  that,  which  constitutes  the  principal  part  of 
Nervoxis  system  of  Insects;  and  its  ofterations^,  when  not  interfered  with 
by  the  Cerebrum,  seem  to  be,  like  most  of  the  actions  of  Insects,  entirely  •  auto- 
matic *  or  inttinctive.  Their  independent  agency  appears  to  be  the  source,  not 
merely  of  all  those  movements  which  are  originally  instinctive,  but  of  mauy  others 
which  come  by  hahtl  to  be  performed  involuntarily,  when  the  attention  is  other- 
wise engaged ;  these  have  been  termed  '  secondarily  automatic.' 

46.  But  in  Man,  as  in  all  other  animals  possessed  of  Intelligence,  by  which 
the  Will  is  animated  and  directed,  we  find  a  superadded  organ,  the  Crrthnim, 
which  is  not  itself  the  centre  of  either  sensory  or  motor  nerves,  but  which  derives 
from  the  sensori-motor  apparatus  just  described  all  its  stimulus  to  action,  and 
employs  it  as  its  instrument  of  operation  on  the  muscular  system.  Tho  functions 
of  this  organ*  which  are  purely  psychical,  are  first  excited  by  the  sensations  called 
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forth  in  Jlie  Scnpory  franplia,  which,  beinp  conveyed  to  tho  Cerebrum,  give  rise, 
thnjuph  Us  instrumeutalilj,  to  Ideas;  and  these,  tbrouph  the  eame  insfrnmenfal- 
ity,  Tuay  become  the  snbject  of  Reasoning  processes.  But  ideas,  with  which  the 
feelings  of  pleasure  or  pain,  or  other  forms  of  enmtional  sensibility,  are  associ- 
ated, conBtitufe  Emotions;  and  the«e,  if  strongly  excited,  may  act  downwards 
upon  the  muscles',  through  the  medium  of  the  automatic  appamto8,  quite  indo* 
penden4ly  of  the  Will,  and  even  in  opposition  to  it.  And  there  are  certain 
peculiar  states  of  the  mind,  in  which,  the  power  of  the  Will  being  more  or  less 
completely  suspended,  Ideas  alone,  if  present  lo  the  corvgciousness  in  f^uffident 
intensify,  seem  capable  of  excitinp:  movements;  and  this  is  etjunlly  the  owe, 
whether  these  'dominant  ideas'  hjfve  directly  origioatrd  in  external  sensations, 
or  whether  they  have  been  evolved  in  consequence  of  the  snpgestivo  action  of 
other  Idcus.  Thus  the  Cerebral  ganglia  become  the  irstruniPTits  of  two  kinds  of 
action  upon  (he  muscular  system,  which  may  be  considered  essentially  'reflex,* 
as  being  executed  in  respondence  to  eitemal  impressions,  without  any  volilional  or 
purposive  direction :  these  impressions  either  acting  simply  thrnugh  ideas,  and  thus 
producing  \dco-mo(or  actions,  or  thrn\igh  ideas  with  which  feelings  are  associated, 
and  thus  producing  emntirmal  movemeats. — But  Ideas  are  not  merely  excited  by 
the  direct  stimulus  of  sensations;  they  may  be  called  up  by  previous  ideas,  with 
which  they  have  some  liind  of  association;  and  thus  'trains  of  thought'  arc 
suggestively  evolved,  by  an  operation  which,  as  will  be  shown  hereafter,  is  not 
less  truly  a  '  reflex  action'  of  the  Cerebrum,  than  is  that  which  nianifcsts  itself 
directly  in  producing  movement.  These  trains  of  thought,  whether  imaginative 
or  ratiocinative,  may  proceed  quite  avtomntuaUi/,  if  left  entirely  without  contml; 
hut  the  W411  has  a  rcraarltably  power  of  directing  them,  by  concentrating  the 
attention  on  any  subject  which  it  may  choose  to  select  from  those  actually  present 
to  the  conseionsnesfl,  and  by  keeping  all  others  out  of  view.  And  when  tho  con- 
clusion of  the  Intellectual  procesa  has  been  thus  arrived  at,  the  Will  cnn  bring 
its  decision  to  bear  upon  the  muscular  system  ;  not,  however,  as  is  rnmmnnly 
suppotted,  by  directly  transmitting  nerve-force  to  the  muscles  whose  action  will  Ix; 
required,  but,  as  will  be  shown  hereafter,  by  impressing  its  determinations  on  the 
sensori-motor  portion  of  the  Nervous  system,  by  whose  iDstramentality  the  requi- 
site raoveraenta  are  wfU'nrfivcIj/  prompted.' 

47.  Another  division  of  the  Nervous  System  appears  to  have  for  its  object,  to 
combine  and  harmonise  certain  muscular  mnvements  immediately  connected  with 
the  maintenance  of  Organic  life;  and  to  bring  these  into  relation  with  certain 
conditions  of  the  mind.  There  is  further  reason  to  believe  that  it  also  influences, 
and  brings  into  connection  with  each  other,  the  processes  of  Nutrition,  Pecrelion, 
&o. ;  though  these,  like  tho  muscular  raorements  just  mentioned,  are  essentially 
independent  of  it.  —  This  portion  of  the  nervous  apparatus  is  eonimnnly  known 
under  the  name  of  the  Si/wpntfiedr.  system ;  it  has  a  set  of  ganglionic  centres 
and  nerves  of  ita  own  ;  but  it  ia  also  iutimafely  blended  with  the  Cercbro-spinal 
Bystem,  both  receiving  fibres  from  it,  and  also  sending  fibres  into  it. 

'  With  reference  (o  that  class  of  operations  of  which  the  Cerebrum  ia  the  instrument,  it 
is  well  here  to  explain  that,  though  the  rhysiolojriHt  speaks  of  the  Intellectual  power*, 
Moml  feeling,  &c.,  na  funrfiong  nf  the  Nervous  Syclein,  they  are  not  so  in  the  »en»»  lo 
which  tho  term  is  emplojred  in  regard  to  other  operntions  of  the  bodily  frame.  In  pencraJ, 
by  the  function  of  an  organ,  we  uniler«tBn<1  some  ehnnge  which  may  he  made  evident  to 
the  venses,  as  ifcU  in  our  own  system,  as  in  tho  body  of  Buotbi'r.  8cn!*atio[),  Thought, 
^Xtnotion,  and  Volition,  however,  are  changes  imporceptiltle  to  our  aerit>es  by  any  means  of 
observntinn  wo  at  present  possess.  We  are  cognizant  of  Ihem  in  oursclTcs,  without  the 
intervention  of  those  prooestes  by  which  we  observe  ranteriiil  ehnnpea  external  to  our 
minda  ;  but  we  judge  of  them  in  oUiera  only  by  iofcrences  founded  on  tiie  nctloos  to  which 
they  gi'8  rise,  when  compared  with  oor  own.  When  wo  speak  of  sensation,  thoujtht, 
emotion,  or  volition,  therefore,  na  functions  of  the  Nervous  System,  we  mcuii  only  that 
this  system  furnishes  the  conditions  under  which  'hey  exist  in  the  living  body ;  and  we 
leave  the  qupjicion  entirely  open,  whether  the  fox'>  hna  or  has  not  an  existence  independent 
of  that  of  the  material  organism,  by  which  it  operates  in  Man,  as  he  ia  at  present  cod- 
Btituted. 
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CHAPTER  III. 

or    FOOD,    AND    THB    DiaESTIVK   PROCESS. 
1.   Of  Food,  ita  Nature  and  Destination, 

48.  Thk  substances  which  are  required  by  Animals  for  the  development  and 
maintenance  of  their  fabric,  are  of  two  kinds; — the  Organic  and  the  Inorganic. 
The  Organic  alone  are  commonly  reckoned  as  aliments ;  but  the  latter  are  really 
not  less  requisite  for  the  sustenance  of  the  body,  which  speedily  disintegrates,  if 
the  attempt  be  made  to  support  it  upon  any  organic  compounds  in  a  state  of 
parity,  in  all  ordinary  articles  of  diet,  however,  the  Inorganic  matters  are 
present  in  the  requisite  proportion;  and  hence  it  is  that  the  necessity  which 
exists  for  their  employment  has  very  commonly  escaped  notice. 

49.  The  Organic  compounds  usually  employed  as  food  by  Man,  are  partly  de- 
rived from  the  Animal,  and  partly  from  tne  Vegetable  kingdom ;  and  they  may 
be  conveniently  arranged  under  the  four  following  heads:' — 1.  The  Sacclkarine 
group,  including  all  those  substances,  derived  from  the  Vegetable  kingdom,  which 
Are  analogous  in  their  composition  to  Sugar ;  consisting  of  oxygen,  hydrogen,  and 
eariboi^  alone ;  and  having  the  first  two  components  united  in  the  proportions  to 
form  water.  To  this  group  belong  starch,  gum,  woody  fibre,  and  the  cellulose  of 
Plants,  which  closely  resemble  each  other  in  the  proportion  of  their  elements, 
and  which  may  be  converted  into  Sugar  by  chemical  processes  of  a  simple  kind ; 
whilst  Alcohol,  which  is  derived  from  Sugar  by  the  process  of  fermentation,  has 
a  oompoeition  which  rather  connects  it  with  the  next  group. — 2.  The  Oleaginous 
group,  including  oily  matters,  whether  derived  from  the  Vegetable  kingdom  or 
firom  the  fatty  portions  of  Animal  bodies.  The  characteristic  of  this  class  lies 
in  the  great  predominance  of  hydrogen  and  carbon,  the  small  proportion  of  oxy- 
gen, and  the  entire  absence  of  nitrogen. — 8.  The  Albuminous  group,  comprising 
all  those  substances,  whether  derived  from  the  Animal  or  the  Vegetable  king- 
dom, which  are  closely  allied  to  Albumen,  and  through  it  to  the  Animal  tissues 
generally,  in  their  chemical  composition.  In  this  group  a  large  proportion  of 
asote  is  united  with  the  oxygen,  hydrogen,  and  carbon  of  the  preceding. — l.  The 
Gdatinous  group,  consisting  of  substances  derived  from  the  animal  bodies  only, 
which  are  closely  allied  to  Gelatin  in  their  composition.  These  also  contain 
azote ;  but  the  proportion  of  their  components  differs  from  that  of  the  preceding. 
—  There  are  many  other  substances,  however,  which,  though  truly  alimentary, 
and  consumed  to  a  considerable  amount,  cannot  be  legitimately  placed  under  either 
of  the  above  heads ;  such  are,  for  example,  the  Vegetable  Acids,  and  Pectine  or 
vegetable  jelly. 

50.  The  compounds  of  the  Saccharine  group  cannot,  without  undergoing 
metamorphosis,  form  part  of  any  Animal  tissue ;  as  there  is  none  which  they  at 
all  resemble  in  composition.  They  are  convertible,  however,  within  the  animal 
body,  into  those  of  the  Oleaginous  group,  and  may  thus,  like  the  latter,  be  ap> 
plied  to  the  formation  of  the  Adipose  and  Nervous  tissues.  But  the  amount  of 
these  substances  which  is  thus  employed,  is  a  very  small  part  of  that  which  it 
ordinarily  introduced  as  food ;  and  by  far  the  larger  proportion  of  them  is  made 
subservient  to  the  maintenance  of  the  Heat  of  the  body  by  the  combustive  pro- 
cess. The  Sugar,  which  is  taken  in  as  such,  being  dissolved  and  absorbed  intc 
the  current  of  the  circulation,  appears  to  undergo  a  speedy  metamorphosis  into 

*  Dr.  Proof  8  elassifieation  of  alimentary  subatanoes  is  here  adopted,  with  a  slight  modi- 
ieation ;  not  as  being  altogether  onexoeptioDable,  bat  as  being,  in  the  Author's  opinioa, 
tlM  moat  eonveident  lutherto  proposed. 
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lactic  acid,  which  ia  the  form  under  which  it  is  finally  oxidized  and  burned  off; 
jiTid  Starch  is  tuade  capable  of  undorpoing  the  Fame  change,  by  being  first  con- 
verted into  Sugar  during  the  dipc8tiv«  process.  Oleaginoue  niatt'ers  do  not  seem 
to  undergo  ^any  chnnge  prelirnitinry  to  their  oxidation,  save  their  reduction  to  a 
Ptate  of  very  fine  division.  We  shall  presently  see  (§  64)  that  &  very  conjndera- 
ble  difference  exists  between  the  Saccharine  and  tbe  Oleaginous  matters,  in  regard 
to  their  relative  calnrifying  powers. — That  none  of  these  noii-azofizfd  ^ubptancea 
can  be  made  capable,  by  niitaunurphoeis  or  couibinatioo  within  the  Animal  body, 
of  taking  the  place  of  the  azvtizcti  substances  as  *  histogenetic*  or  *  pl«siic'  com- 
pounds,  may  tjow  be  regarded  as  one  of  tbe  moat  certain  facts  in  Pbysioloey; 
the  concurrent  evidence  of  experiment  and  observation  leading  to  the  conclusion, 
that  in  Plants  alone  can  any  production  of  azotixed  compounds  take  place,  and 
that  Animals  are  in  consequence  directly  or  indirectly  dependent  upon  the  Vege- 
table kingdom  for  their  roeana  of  eubsistence.  If  animuls  be  fed  excluMvely 
upon  Saccharine  or  Oleaginous  substances,  of  any  kind,  or  in  any  combination 
whatever,  they  speedily  perish  with  symptoms  of  Inanition  :  and  the  only  ap*i8t- 
ance  which  such  food  affords  in  the  prolongation  of  life,  is  derived  from  its  calo- 
rific power  (§  27). 

51.  The  Bubstances  forming  the  Afhvminout  group  ore  applicuble  to  the 
aupport  of  the  Animal  body,  both  by  affording  the  materials  for  the  nutrition 
and  re-fnrmation  of  its  tissues,  aud  also  by  serving  (if  required)  for  the  maint^ 
nance  of  its  heat,  through  the  dccompoaition  of  which  they  are  susceptible,  into 
hydrooarbonnceouB  matters  adapted  for  combustion  in  the  lungs,  and  highly 
azotized  compounds  which  pass  off  by  the  kidneys.  The  proportifina  of  carbon, 
hydrogen,  oxygen,  and  nitrogen,  of  which  all  these  substances  are  composed, 
appear  to  be  identical;  and  they  seem  all  capable  of  being  reduced  by  the  diges- 
tive process  to  a  like  conditiun.  Hence  it  is  a  matter  of  little  conse4:]ueDee, 
except  as  regards  the  proportion  of  inorganic  matters  with  which  they  may  be 
respectively  united,  whether  we  draw  our  higt{)gcEetic  materials  from  the  flesh 
of  animals,  from  the  white  of  egg  (albumen),  from  the  curd  of  milk  (casein), 
from  the  grain  of  wheat  (gluten),  or  from  the  seed  of  the  pea  (legumin).  Nei- 
ther of  these  Bubatunces,  however,  can  long  sustain  life  when  it  is  used  by  itself; 
for  it  has  been  experimentally  ascertain«d,  that  by  being  made  to  feed  constantly 
on  the  same  substance  (boiled  wbite-of-egg,  for  instance,  or  meat  deprived  of  the 
osmazoroe  that  gives  it  flavour),  an  animal  may  be  effectually  starved ;  it«  disguat 
at  such  food  being  such  that,  even  if  this  be  swallowed,  it  is  not  digested.' — The 
organized  fabric  of  Animals  contains  also  a  h»rge  quantity  of  Grhtin.  It  seems 
certain  that  this  substance  may  be  produced  out  of  fibrin  and  albumen ;  since  in 
animals  that  are  supported  nu  these  alone,  ihe  nutrition  of  the  gclatiTious  tissues 
does  not  seem  to  be  impaired.  But  it  has  been  commonly  supposed  that  gelatin 
token  in  as  food  may  serve  for  the  growth  and  maintenance  of  these  tissues ;  even 
though  it  may  he  incapable  of  conversion  to  the  albuminous  type.  It  is  very 
doubtful,  however,  whether  Gelatin  can  render  even  this  service.  For  all  our 
knowledge  of  the  history  of  the  development  of  the  Gelatinnua  tissues  would 
load  us  to  regard  thera  as  secondary  products,  which  take  their  origin  in  a  fibrinous 
blastema,  and  can  only  be  generated  by  the  metamorphosis  of  protein  compounds. 
(See  PRINO.  OF  Gen.  Phys.)  If  this  view  be  correct,  it  follows  that  the  ali- 
mentary value  of  gelatin  must  be  limited  to  its  calorific  power;    its  bydro- 

'  It  ia  Tery  interesting  to  remark  (with  Dr.  Prout)  that,  in  the  only  instance  in  which 
Nature  hag  proTided  a  limjlf  article  of  food  for  the  BOpporl  of  the  aiiimal  body,  ahe  hut 
mingkrl  articlcn  from  the  6rflt  three  of  the  pTPcedin;;  (irnups.  Thia  is  the  onsc  in  ifilk, 
which  contniDB  a  consideriiible  quantity  of  an  nlhuminous  subsUtnce,  casein,  which  forma 
ii9  curd ;  a  good  deal  of  oiit/  matter,  the  butter;  and  no  inoonsiderftble  amount  of  lugar, 
which  ia  dissoWcd  in  the  whey.  Thflproportitins  of  these  Tary  in  different  MHnimalli&,  and 
they  deftcnd  id  part  upon  the  nature  of  the  food  supplied  (o  the  animti]  that  fanni  thfl 
milk;  but  the  subataaccB  are  thaa  coiobioed  io  every  iDeULnoe. 
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carbon  being  separated  from  ifa  highly  azotized  portion,  and  the  former  being 
oxidized  and  eliininated  through  the  lungs,  whilst  the  latter  will  pass  off  by  the 
kidneys.  And  auch  a  deduction  is  confirmed  by  the  obscrvationa  of  Frerichs,  on 
the  result  of  the  ingestion  of  large  quantities  of  pure  gelatin ;  this  being  a 
marked  increase  in  the  proportion  of  urea  in  the  urine,  with  an  elevation  of 
ita  epecific  gra^nty  frnni  1018  to  1030,  or  even  1034;  so  that,  aa  neither  leu- 
cine nor  glyfine  conld  he  deteoted  in  the  fluid,  Gebtiu  seeuis  to  be  subjected  to 
the  same  metamorphopia  that  the  protein  compounds  undergo  when  they  are  taken 
in  excess  ' — That  Gelatin  cannot  take  the  place  of  the  albumiaoua  compounds, 
has  been  fully  demonstrated  by  the  inquiries  of  the  Commissions  which  have  been 
appointed  to  investigate  the  anhject  in  Paris  and  Amsterdam.*  In  bo  far,  there- 
fore, as  the  only  azotized  principles  contained  in  soups,  brotha,  &o.,  are  of  tbe 
I, gelatinous  character,  we  must  account  these  preparations  aa  destitute  of  the  power 
of  nourishing  tbe  body;  and  the  peculiar  nutritive  value  which  experience  ahowe 
that  such  preparations  possess  in  certain  states  of  the  system,  must  be  attributed 
to  the  albuminous  matters  which  they  hold  in  solution,  and  to  the  readiness  with 
which  their  gelatinoua  constituents  are  absorbed  and  applied  (by  the  decomposi- 
tion juat  explained)  to  the  purpose  of  calorification.* 

52.  The  substances  which  ea.nnot  be  arranged  under  either  of  the  preceding 
groups,  are,  for  the  moat  part,  of  the  Non-azotized  class  j  and,  aa  they  mostly 
consist  of  compounds  in  which  the  hydrogen  and  carbon  are  not  combined  with 
their  full  equivalents  of  oxygen,  thoy  are  made  to  contribute  to  tbe  calorifying 
process  by  undergoing  oxidation  within  the  aystetn,  ao  as  to  be  excreted  in  the 
form  of  carbonic  acid  and  water. 

53.  By  rules  based  on  tbe  foregoing  data,  then,  we  may  estimate  the  relative 
value  of  different  articles  of  food,  for  the  two  distinct  purpt^es  of  the  foTmutioa 
of  iitsnkt  and  the  production  of  }ieai.     For  the  proportion  of  Albuminous  matter 

'which  any  substance  may  contain,  famishes  tbe  nie:isare  of  its  histogenetic  value ; 
hwhilst  tlie  proportion  of  Hydro-Carbon  uncomhined  with  oxygon,  affords  the 
^means  of  c^^ti mating  its  ralorific  power  when  oxidized.     Since,  in  almost  every 
alimentary  substance  whether  vegetable  or  animal,  these  two  classes  of  compounds 
are  mingled,  the  per-centage  of  nitrogen  (save  in  those  substances  into  which  Gela- 
tin enters  largely)  which  it  may  contuin,  affords  a  tolerably  correct  measure  of 
.the  amount  of  albuminous  matter  which  it  includes,  and  therefore  of  its  hinioge- 
Hftic  value  :  where,  on  the  other  hand,  the  per-centage  of  nitrogen  is  tbe  sumllest, 
that  of  hydro-carbon  is  the  lurgest,  and  the  proportion  of  the  combustive  material 
is  the  highest.  Tbe  following  Tablu*  specifies  this  proportion  in  the  case  of  various 
articles  used  as  food;  Human  Milk  being  taken  as  the  standard  of  comparison,  atid 
the  quantity  of  nitrogen  it  contains  being  expressed  by  100.     It  must  be  borne 
I  in  mind,  however,  (hat  this  substance  is  intended  for  the  nourishment  of  a  being 
rhioh  paaaes  nearly  the  whole  of  ita  time  in  a  quiescent  state,  and  must  not  be 
laupposed  to  be  equally  well  adapted  for  the  sole  maintenance  of  tbe  Human  body 
in  a  stat«  of  activity.     In  fact,  it  is  inferior  in  its  prop<jrtion  of  Casein  (the  sub- 
f stance  of  which  alone  the  azote  forms  a  part)  to  tbe  milk  of  other  I^Iammalia, 
rhoae  joung  bring  their  animal  functions  into  exercise  at  a  much  earlier  period 
tkao  does  the  Human  infant.  ^  Tbe  proportions  are  those  existing  in  the  dr^ 
toliJt. 

*  Sea  Frerichs'  article  Verdavuny  in  "Wagner's  Handwiirterbuch,"  band  iii.,  p.  C84. 

*  8e«  the  Beport  of  the  Frcneh  <  Qelatln  Coinniisaion,'  io  the  "  Compt.  Send,,"  Aotlt, 
1841;  and  that  of  the  Amsterdam  CommissioD,  in  "Het  Inatitaut,"  No.  2,  1843,  and 
••G«i*tt«  MMieale,"  Mars  16,  18-14. 

*  The  common  notion  of  the  great  nntritiTe  Talne  of  Bonps,  &o.,  whose  supposed 
'vtmigth'  id  indicated  by  the  firmness  with  vhioh  they  gclntiuize  on  coolinf,  is  one  of 
tboaa  popular  dietrtio  prejudlocs,  of  which  it  ia  peoaliarl;  incumbent  on  the  Medt«al  Fro- 
f^mioo  to  diaabuae  their  patients. 

*  SehloMharger  and  Kemp,  in  "  Philosopbio&I  Magazine,"  Nov.  1846. 
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Vryetable. 


Biee 81 

Potatoes 84 

Turnipa 106 

Rre ]0<i 

Mwze 100-126 


Baman  inilk 100 

Cow's  milk 287 

Oyster 306 

Yolkofegga 805 

ChecM „ 881-447 

Eel,  raw 434 

MaBB«l.  raw 628 

Ox  liver,  raw 670 

Pork  ham, raw....,,...,..  689 

boiled 807 

Salmon,  raw...............  776 


Barley.... 128 

Otits 138 

White  bread 142 

Wheat 119-144 

Carrots 150 

Animai. 

Salmon,  boiled 610 

Portable  soap. 764 

Wbileofegg 845 

Crab,  boiled 859 

Skate,  raw 859 

boiled 956 

Herring,  raw 910 

boiled 808 

Huddock,  raw 920 

— boiled 816 

Flounder,  raw 898 


Brown  bread 

Peas 

Haricot  beans 283 

Agariciu  delieioaiu 289 

Beaxw 820 


Flounder,  boiled 954 

PigeoD,  raw 766 

boiled 827 

Lamb,  raw 883 

Mutton,  raw 773 

boiled 852 

Veal,  raw 878 


boiled 911 

Beef,  raw 880 

boiled 942 

Ox  lung...., 931 

It  IS  not  to  be  sapposed,  however,  that  any  table  of  tliia  kind,  founded!  sinpl; 
upon  the  Ohemicd  composition  of  the  various  substances,  can  indicate  their  rwpeo- 
tive  titacss  as  articl(\s  of  diet  j;  since  thia  depends  also  upon  the  facility  with  which 
they  are  reduced  by  the  dige-stive  process,  and  afterwards  assimilated.  Thus  an 
lliment  abounding  in  nutritive  mutter,  may  be  inferior  to  oue  which  really  con- 
lins  a  much  emaller  proportion,  if  only  a  part  ia  the  first  case,  and  the  whole  ia 
the  second,  be  readily  taken  up  by  the  Bystem. 

64.  The  cahrijic  powers  of  the  substances  above  enumerated,  however,  are  not 
precisely  in  the  inverse  ratio  to  their  histogenetio  value ;  for,  as  the  amount  of 
heat  given  off  in  their  combustion  depends,  not  simply  upon  the  amount  of  carbon 
and  hydrogen  they  may  cootain,  but  upon  the  excess  of  their  liydro-carboo  over 
and  above  that  which  is  already  combined  with  oxygen,  substances  that  are  alike 
deficient  in  nitrogen  may  diifer  considerably  in  this  respect.  Thus  in  ordinary 
fat,  the  proportion  of  oxygen  ia  only  about  10  per  cent,  whilst  th.it  of  hydro-car- 
bon is  at  least  90  per  cent;  in  alcohol,  the  proportion  of  oxygen  ia  nearly  35  per 
cent  to  66  per  cent  of  hydro-carbon  j  in  etareh,  the  oxygen  is  49  J  per  cent,  the 
bydro-carbon  50|  percent;  in  cane  sugar,  the  oxygren  is  51-^,  the  hydro-carbon 
48J ;  and  in  grape  sugar,  the  oxygen  ia  53i,  the  hydro-carbun  4G|.  According 
to  tho  estimate  of  Prof.  Liebig,'  the  following  are  the  relative  calorific  powers 
of  these  substances j  the  numbers  expressing  approximately  the  weights  of 
each  which  must  be  taken  in  as  food,  in  order,  with  the  same  consumption  of 
oxygen,  to  keep  the  body  at  its  proper  temperature  during  equal  times:  —  fat, 
100 J  starch,  240;  cane  sugar,  249;  grape  sugar,  2G3;  spirits  (containinfr  50  per 
cent  of  absolute  alcohol),  266.  The  equivalent  of  lean  flesh  required  to  protluce 
the  same  calorific  effect  with  the  foregoing,  would  be  no  less  than  770. 

55.  It  is  obvious  that  the  most  economical  diet  will  be  that  in  which  there  is 
the  most  perfect  apportionment  of  each  class  of  constituents  to  the  want*  of  the 
Byatem;  and  these,  on  the  principles  already  explained  (§§  26,  27),  will  vary  with 
the  amount  of  muscular  exertion  put  furth,  and  with  the  elevation  or  depression 
of  the  external  temperature.  Thus,  for  a  man  of  ordinary  habits,  and  living 
under  a  medium  temperature,  a  diet  composed  of  animal  flesh  alone  is  the  least 
economical  that  can  be  conceived;  for,  since  the  greatest  demand  for  food  in  his 
system  is  created  by  the  necessity  for  a  supply  of  c-arbon  and  hydrogen  to  support 
bis  respiration,  this  wont  may  be  mo^t  advantageously  fulfilled  by  the  employ- 
ment of  a  certain  quantity  of  non-azotiKcd  food,  in  which  these  ingredients  pre- 
dominate. Thus  it  has  been  calculated,  that,  since  fifleeu  pounds  of  flesh  eoutaio 
no  more  carbon  than  four  pounds  of  stiirch,  a  savage  with  one  carcase  and  an  equal 
'  "Familiar  Letters  on  Chemistry,"  3d  edit,  p.  880. 
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weight  of  starch,  could  support  life  for  the  same  length  of  time,  during  which 
ftDother  restricted  to  animal  food  would  require  five  such  carcases,  in  order  to  pro- 
cure the  carbon  necessary  for  respiration.  Hence  we  see  the  immense  advantage 
as  to  economy  of  food,  which  a  fixed  agricultural  population  possesses  over  those 
wandering  tribes  of  hunters,  which  still  people  a  large  part  both  of  tbe  Old  and 
New  Continents.  The  mixture  of  the  azutized  aud  non-azotized  compounds 
(gluten  and  starch),  that  exists  in  wheat  flour,  seems  to  be  just  that  which  is  most 
generally  useful  to  Man  •  and  hence  we  see  the  explanation  of  the  fact,  that,  from 
very  early  ages,  bread  has  been  regarded  as  the  "  staff  of  life."  —  There  are  par- 
ticular conditions  of  existence,  however,  under  which  life  may  be  advantageously 
supported  upon  animal  food  alone.  Thus  the  Quochos  of  South  America,  who 
pasa  the  whole  day  in  the  saddle,  and  lead  a  life  of  constant  activity  resembling 
that  of  ft  carnivorous  animal,  scarcely  ever  taste  anything  but  beef;  and  of  this 
their  oonsumption  is  by  no  means  great;  for  the  temperature  of  the  surrounding 
atmoepbere  is  so  high,  that  the  body  has  no  occasion  to  generate  more  heat  than 
15  supplied  by  the  combustion  of  the  hydro-carbonaceous  portion  of  the  *  wast« ' 
of  the  tissues.  Uere,  then,  tbe  demand  for  histogeuetic  material  being  at  its 
maximum,  and  that  for  CQmbustivc  materials  at  its  minimum,  the  former  supplies 
all  that  is  requisite  for  the  latter.  Again,  tbe  P]i><|uimaux  and  other  dwellers 
upon  the  Arctic  seas  find  in  the  bodies  of  the  whales,  seals,  &c.,  whereon  they 
subsist,  that  special  supply  of  the  very  best  combustive  material,  which  alone  can 
«aable  them  to  maintain  their  existence  in  a  climato,  where  tbe  thermometer  is 
for  many  weeks  or  months  in  the  year  at — 40*^  or  even  lower,  and  where  the 
amount  of  heat  which  must  be  generated  within  the  body  is  four  or  five  times  that 
for  which  a  diet  of  bread  will  suffice. — On  the  other  hand,  the  general  experience 
of  tbe  inhabitants  of  warm  climates  seems  in  favour  of  a  diet  chicfiy  or  entirely 
Vfgriable ;  and  its  peculiar  suitableness  appears  to  consist  in  its  affording  nn 
adequate  supply  of  tho  plastic  alimeuturj  substances,  in  combination  with  farina* 
eeouB  matters  that  give  the  requisite  hulk  to  the  food  (§  104),  without  affording 
more  combustive  material  than  tbe  system  requires,  —  the  quantity  of  starch 
which  undergoes  conversion,  and  which  is  introduced  as  sugar  into  the  circula- 
tion, being  apparently  governed  rather  by  the  demands  of  the  respiratory  pro- 
cess, than  by  the  amount  ingested;  and  the  remainder  being  voided  again  un- 
changed. 

5t>.  The  mixed  diet,  to  which  the  inclination  of  Man  in  temperate  climates 
seems  usually  to  lead  him  (when  circum. stances  allow  that  inclination  to  dovelopc 
itself  freely),  appears  to  be  fully  conformable  to  the  construction  of  his  dental  and 
digestive  apparatus,  as  well  as  to  his  instinctive  propensities.  And  whilst,  on 
tbe  one  hand,  it  may  be  freely  conceded  to  the  advocates  of  '  Vegetarianiara/  that 
a  well-selected  vegetable  diet  is  capable  of  producing  (in  the  greater  number  of 
individuals)  the  highest  jih^sifal  development  of  which  they  are  capable,  it  may 
on  tbe  other  band  be  affirmed  with  equal  certainty,  that  the  substitution  of  a 
moderate  proportion  of  animal  flesh  is  in  no  way  injurious,  whilst,  so  far  as  our 
evidence  at  present  extends,  this  seems  rather  to  favour  the  highest  mental  deve- 
lopment. If,  indeed,  we  take  a  comprehensive  survey  of  the  conditions  of  the 
various  races  of  Man  at  present  inhabiting  the  earth,  we  cannot  help  being  struck 
with  his  adaptivencBS  to  a  great  variety  of  circumstances,  as  regards  climate,  mode 
of  life,  diet,  &c.  And  we  can  scarcely  avoid  the  conclusion,  that  the  Creattir,  by 
conferring  upon  him  such  an  adaptiveness,  intended  to  qualify  him  for  subsisting 
on  those  articles  of  diet,  whether  animal  or  vegetable,  which  are  mo&t  readily 
atlsinable  in  different  parts  of  the  globe;  and  thus  to  remove  the  obstiiole  which 
•  nedessaiy  restriction  to  any  one  kind  of  food  would  have  otherwise  opposed  to 
bis  universal  diflFusion.  If  we  were  to  bring  together  tbe  habitual  diet  scales  of 
the  severul  races  of  Men  which  people  the  surface  of  our  globe,  we  apprehend 
that  the  diversities  which  they  would  present  would  be  scarcely  less  strange  than 
those  which  exist  among  the  regimens  of  the  most  dissimilar  species  of  Mamma* 
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lia.  Wo  flbould  find  the  purely  animal-feeding  on  tbe  one  Iiaod,  the  pure  vege- 
terians  on  tbe  otber.  Among  tbe  fonnerwe  should  find  some  who  devour  animal 
flesh,  others  fisb,  and  others  fowl>  while  others  are  even  insectivorous;  then, 
agiiin,  wo  should  encounter  some  who  devour  their  food  raw,  othere  who  oook  it; 
sonic  preferring  it  immediately  that  baa  ceased  to  live,  while  othera  do  not  reliah 
it  until  it  baa  become  almost  putrescent.  So  among  the  vegetable  feeders,  wb 
should  find  some  subsisting  upon  soft  fruits,  others  upon  hard  grains,  others  again 
chiefly  upon  succulent  herbage,  and  others  upon  roots  so  tough  as  to  require  arti- 
ficial means  for  their  reduction.  In  the  various  devices  by  which  Man  has  bqo- 
ceeded  in  availing  himself  of  these,  and  in  the  various  tastes  which  have  led  some 
to  avail  themselves  of  articles  of  food  which  others  would  loathe,  we  see  the  evi- 
dence of  the  same  wise  Design,  as  that  which  has  given  to  different  tribes  of 
animals  their  rospcctive  preferences;  and  we  deduce  from  the  whole  the  conclo- 
sion,  that  Man  is  left  by  his  Creator  at  perfect  liberty  to  select  that  kind  of  nntri- 
mcDl  which  he  fiuds  most  suitable  to  his  tastes  and  to  hiswanta;  tbe  former,  when 
not  absolutely  vicious,  being  Ahere  is  strong  reason  to  believe)  an  exponent  of 
the  latter,  just  as  the  simple  desire  for  food  is  the  exponent  of  the  need  for  it  iu 
tbe  system. 

57.  When  the  results  of  Experience,  then,  are  combined  with  the  teachings  of 
Science,  they  seem  to  justify  the  following  conclusions. 

I.  That  a  due  adjustment  of  the  Albuminous,  Oleaginous,  and  Saccharine  con- 
stituents of  the  food,  to  the  varyinji  conditions  under  which  Man  exists,  is  of  the 
first  importance;  whilst  the  tjuestioD  of  the  derivation  of  the  first  two  of  these 
constituents  from  the  Animal  or  from  the  Vegetable  kingdom,  is  one  of  secondary 
character;  each  being  capable  of  yielding  thuw  an  adequate  amount,  and  tbe  only 
onndition  requisite  being,  that  the  articles  of  food  shall  be  so  selected  as  to  supply 
the  needful  quantity.  Tbus  a  diet  whose  staple  consif'ts  of  potatoes  or  rice,  con- 
tains by  fur  too  small  an  amount  of  albumiuoua  matter  irj  proportion  to  the  fariua- 
ceous ;  but  if  to  this  be  added  a  moderate  quantity  of  meat,  the  proportion  ia 
assimilated  to  that  wliii-h  exists  in  wheatcn  bread,  which  may  be  taken  as  the 
standard  for  Mao's  alimentation  in  all  but  extremely  cold  climates.  The  failure 
of  wheatcn  bread  to  supply  what  the  system  there  requires,  depends  on  nothing 
else  thuD  its  deficiency  in  the  oleaginous  con.«tituent ;  for  although  such  a  crnrin^ 
for  fat  meat  is  experienced  by  travellers  in  those  climates,  as  has  led  to  tbe  belief 
that  it  is  necessary  for  their  support,  yet  recent  experience  has  shown  that  a  vege- 
table oil  answers  the  same  purpose,  bread  made  from  maize  flour  (which  contains 
a  large  proportion  of  oleaginous  matter)  having  been  found  to  be  Just  as  effica- 
cious as  fut  meat,  both  in  supporting  the  muscular  strength,  and  in  maintaining 
the  heat  of  tbe  body.'  On  the  other  hand,  maixe  bread  is  found  by  experience  to 
be  far  less  adapted  than  wheatcn  bread  for  consumption  in  warm  clim^ites,  being 
too  'heating'  in  its  character;  thus  confirming  the  view  already  stated,  aa  to  tha 
superiority  of  farinaceous  matter  as  tbe  principal  combustive  material,  where  tbe 
externa!  temperature  is  high. — The  same  kind  of  difference  should  be  made  in 
the  winter  aud  summer  diet  of  the  inhabitants  of  the  temperate  zone.  For  when 
the  external  temperature  is  low,  an  ample  supply  of  oleaginous  matter  is  indi- 
cated, and  may  be  advantageously  taken  iu  the  form  of  butter,  cocoa,  fat  meat,  or 
maize  bread.  On  the  other  hand,  during  the  heat  of  summer,  the  more  nearly 
the  diet  is  assimilated  to  that  of  the  natives  of  tropical  climates,  in  tbe  substitu- 
tion of  fruits  and  farinacca  for  oleaginous  articles,  the  less  will  be  the  liability  to 
disordered  health  in  tbe  autumn.' 

*  The  Author  makes  this  Btatement  on  the  authority  of  Sir  J.  Richardson,  who  infonaa 
hun  that  2^  Iba.  of  maite  flour  mnjr  be  oonsidereJ  aa  the  euguivnlcnt  ofB  lbs.  of  tnent. 

*  There  can  be  no  doubt  that  a  large  proportion  of  the  diseases  of  tbe  dig^eetive  ftppa- 
ratus,  which  are  no  fatal  among  Eixrupean  resideots  in  India  and  other  tru^iical  climatCB, 
result  from  the  habitual  ingestion  of  a  much  larger  quantity  of  food,  and  thia  especially  of 
«  rich  and  sliaiulatiQg  character,  than  the  Bystem  reqmres.     The  lose  of  appetite  conse- 
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TT.  Experience  teaches,  however,  that  it  is  not  a  matter  of  entire  indifference, 
Trhethcr  the  Albuminoua  constituent  be  drawn  from  the  Animal  or  from  the 
Vegetable  kingdom  ;  for  the  uae  of  a  highly-atiimaliaed  diet  has  a  tendency  to 
rat**,  and  that  of  a  vceretable  diet  to  lorrer,  the  proportion  of  red  corpuscles  in 
the  Blood  (§  177);  whilst,  by  a  due  adjustment  of  the  proportion  of  the  two 
cbaaes  of  components,  the  evil  effects  of  the  exclusive  use  of  either  may  be  pre- 
vented. 

ni.  So,  again,  Experience  teaches  what  could  scarcely  have  been  anticipated 
theorstically ;  —  namely,  that,  notwithstanding  the  power  which  the  living  body 
poaaeNes,  of  converting  saccharine  compounds  into  oleaj^inous,  the  ingestion  of  a 
certain  amount  of  Oleaginous  matter  a»  such  is  necessary,  or  at  lea^t  is  favourable, 
to  the  maintenance  of  health.  Wo  see  this  provided  in  large  quantity,  id  the  first 
aliment  prepared  by  nature  for  the  offspring  of  the  Mammalia;  and  it  oxista 
largely  in  the  yolk  of  the  egg  of  all  Oviparous  animals.  In  the  ordinary  diet  of 
every  nation  on  the  globe,  —  whether  this  be  animal,  vegetable,  or  mixed,  —  we 
find  one  or  more  articles  of  an  oleaginous  nature ;  and  there  is  a  natural  craving 
for  such  substances  when  they  are  completely  withheld,  which  indicates  that  they 
serve  some  important  purpose  in  the  economy.  Although  this  craving  is  su  far 
affected  by  climate,  that  it  leads  to  the  largest  consumption  of  oily  matter  where 
the  extreme  of  cold  has  to  be  endured,  it  exists  with  no  less  intensity  even  in 
tropical  regions;  and  we  find  the  Hindoo  adding  his  moditiam  of  'ghee'  (ov 
nuidd  batter)  to  the  rice  which  constitutes  his  staple  article  of  diet,  with  tno 
Bwne  reliAb  that  the  Esquimaux  feels  for  his  massive  lumps  of  blubber.  — It  does 
^•eem  diflScult  to  understand  the  rationah  of  this  fact.  For  whilst  the  Adi- 
and  Nervous  tissues  are  the  only  portions  of  the  Animal  fabric  into  which 
matters  enter  in  any  considerable  proportion,  yet  its  presenoe  has  an  im- 
it  inflaencc  on  the  assimilation  of  albuminous  matters,  and  seems  essential 
^to  ©very  act  of  cytogenesis  (see  Ptti.NO.  of  Gbn.  PllYfi.)  We  shall  hereafter  see 
(§  135)  that  it  is  probably  in  the  Lacteal  system,  that  the  two  substances  aro 
broagbt  into  that  mutual  relation  with  each  other,  which  these  purposes  require; 
ftnd  thus  it  is  obvious  that,  unless  a  conversion  of  saccharine  into  oleaginous  mat* 
ter  can  take  place  in  the  alimentary  eanaj  (of  which  there  is  no  adequate  evi> 
dence),  no  true  chyle  can  bo  formed,  except  when  oleaginous  matters  have  formed 
pATt  of  the  food.  There  is  strong  and  increasing  reason  to  believe,  that  a  defi- 
ciency of  oleaginous  matter,  in  a  state  fit  for  appropriation  by  the  nutritive  pro- 
cawca,  is  a  fertile  source  of  diseased  action,  especially  of  that  of  a  tubercttlons 
chuacter;  and  that  the  habitual  \isc  of  it  in  a  larger  proportion  would  operate 
Ikvourably  in  the  preventioo  of  such  maladies,  as  the  employment  of  cod-liver  oil 
nnqnestionably  does  in  their  cure.  A  most  remarkable  example  of  tbis  is  pre- 
Miit«d  by  the  population  of  Iceland  ;  which,  notwithstanding  the  concurrence  of 
every  one  of  the  circumstances  usually  considered  favourable  to  the  scrofuloun 
diathesis,  enjoys  a  moat  remarkable  immunity  from  it,  —  without  any  other 
assignable  cause  than  the  peculiarly  oleaginous  character  of  the  diet  usually  em- 
ployed.' 

rv.  Another  of  the  resulta  of  Experience,  of  which  Science  has  not  yet  given 
%  definite  rationah,  is  the  necessity  of  employing  yrtf«A  vetjtlahlea  as  an  article  of 

queat  upon  the  diminution  of  the  demand  for  cotabustive  material,  ia  set  dowa  to  the  dele- 
t«rious  inflaence  of  the  cUmat«;  and  ao  attempt  is  made  to  neutralise  this  hj  arti&dal 
jtrovooativM.  —  So,  it  wems  probable  that  many  of  the  'bilious  attacka,'  which,  id  this 
country.  ar«  so  frequent  in  early  autumn,  and  which  are  commonly  set  down  to  the  acoount 
of  fruit  (although  the  suhjecta  of  them  have  often  abstained  entirely  from  tliat  article),  are 
really  the  result  of  the  presence  of  an  excesa  of  bjdro-oarbonaceoufl  matter  in  the  system, 
eoaaequeol  upon  over-feeding  during  the  summer,  aad  muat  be  loolted  upon  as  the  a&tural 
ncaiu  by  which  it  is  got  rid  of 

'  8«e  Dr.  Schleisner's  "  Island  UDdersogt  f^a  ItegevideDBkabellgt  Synspanct,"  or  Report 
OS  th«  Saniurj  Condition  of  Iceland ;  and  the  anolysia  of  it  in  the  "  Brit,  and  For.  Med. 
Oui.  Eev.,"  ToL  T.  p.  4i6. 
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Diet;  the  almost  invariable  consequence  of  the  entire  omission  of  them,  being 
the  develrtpraont  of  that  peculiar  constitutional  disorder  which  is  known  as 
Srvrvy.  That  the  deficiencj  of  somethinp:  which  fresh  vegetables  can  alone  sap- 
ply,  is  the  essential  cause  of  this  disease  (its  operation  being  promoted,  however, 
ny  other  conditions,  such  as  absolute  deficiency  of  food,  confinement,  bad  venti' 
lalioD,  depression  of  spirits,  Sec),  may  now  be  regarded  as  a  wetl-establishcd  fact;' 
and  it  is  one  which  ought  to  have  an  important  influence  on  our  dietetic  arrange- 
ments. For  if  the  total  wtrhdrawal  of  these  articles  be  productive  of  snoh  a  fear- 
ful depravation  of  the  blood,  as  perverts  every  function  to  which  the  blood  ia 
subservient,  a  diminution  of  them  below  the  standard  requisite  for  the  mainte- 
nance of  health  must  necessarily  involve  a  depravation  similar  in  kind  thoagh 
less  aggravated  in  degree;  and  this,  if  slight,  may  be  expected  to  manifest  itself, 
not  80  much  in  the  production  of  idiopathic  disorderH,  as  in  favouring  any  pecu- 
liar tendency  to  disease  which  may  exist  in  the"  syateraj  and  in  preventing  or 
retarding  recoverj'  frora  its  effects.*  The  employment  of  fresh  fruit-s  and  of  green 
vegetables  seems  especially  indicated,  where  a  general  chronic  disorder  of  nutri- 
tion indicates  a  perverted  condition  of  the  circulating  material ;  and  especially 
where  there  is  a  disposition  to  chronio  inflammation,  induration,  and  ulceration, 
in  different  parts  of  the  body. 

V.  Finally,  then,  a  well-arT»ngod  dietetic  scheme  ought  to  consist  of  such  a 
combination  of  the  Albuminous,  Oleaginous,  and  Farinaceous  constituents,  as  is 
most  appropriate  to  the  requirements  of  the  system; — a  larger  measure  of  the 
albumiuous  being  supplied,  when  an  unusual  amount  of  nervo-rauscular  exertion 
is  put  forth,  and  this  supply  being  then  most  advantageously  derived  from  animal 
flesh  ;  —  a  larger  measure  of  the  ohaijinous  being  required  for  the  sustentation  of 
the  heat  in  a  frigid  atmosphere,  and  this  being  supplied  equally  well  by  the  Tege- 
table  kingdom  us  by  the  animal ;  — and  a  larger  proportion  of  tbeyli nnac«M/*,  as 
a  substitute  for  the  oleaginous,  being  most  favourable  to  health  under  a  high 
atmospheric  temperature.  An  habitual  excess  in  the  use  of  either  of  these  con- 
stituents, above  what  the  demands  of  the  system  require,  tends  towards  the  pro- 
duction of  a  particular  'diathesis'  or  constitutional  state,  which  may  manifest 
itself  in  a  great  variety  of  modes.  Thus,  an  excess  of  the  olbumi'notts  compo- 
nents, such  as  is  only  likely  to  occur  when  too  large  a  proportion  of  animal  food 
is  employed,  undoubtedly  favours  the  arthriiir  diathesis,  which  seems  to  consist 
in  the  presence  of  iraperfectty-assimikled  histogenetic  substances  and  wrongly- 
metamorphosed  products  of  disintegration,  that  are  not  duly  eliminated  in  the 
kidneys;  and  this  diathesis  not  only  displays  itself  in  gout  and  gravel,  but 
modifies  the  course  of  other  diseases.  So  again,  an  excess  of  the  oleaginout  con- 
stituents of  the  food  tends  to  the  production  of  the  bilious  diathesis,  in  which, 
tbrongh  the  insufficient  elimination  of  hydrocarbonaccous  matters,  the  blood 
becomes  charged  with  the  elements  of  bile.  The  excess  of  /arinaceoug  matters, 
moreover,  especially  when  combined  with  a  deficiency  of  the  albuminous  (as  it 
t<io  frequently  is  among  those  who  are  obliged  by  necessity  to  live  chiefly  upon 
a  'poor'  vegetable  diet),  tends  to  the  production  of  the  rhmmatic  diathesis; 
which  seems  to  consist,  like  the  arthritic,  in  the  mal-asaimi!ation  and  wrong 
metamorphosis  of  the  components  of  the  tissues,  but  to  be  especially  favoured 
by  the  presence  either  of  lactic  acid,  or  of  some  other  product  of  the  meta- 
morphosis of  the  saccharine  compounds.  And,  as  already  pointed  out,  the  de- 
ficiency of  oleaginous  matters  seems  to  tend  to  the  development  of  the  «cro/u- 

'  For  A  f^ll  inquiry  into  this  subject,  see  the  "  Brit,  and  For.  Med.  Cbir.  Rev.,"  vol.  ii 
p.  4&B. 

'  This  '  scorbutic  tendGDCT*  was  fully  recogaized  by  the  p&at  generatioQ  of  PbysiotftDS, 
who  prnolisfd  in  those  goud  nld  times,  when  potatoes  were  a  luxury  and  g^reea  vegetables 
ia  the  wiater  almost  unknown,  when  the  middle  claescs  fed  iipou  salted  meat  during  % 
great  part  of  the  year,  and  when  sagacious  old  women  prescribed  nettle  tea  sad  soxirrj 
grass,  with  a  course  of  leuitive  '  spring  physic,'  for  the  '  oleonsiDg  of  the  blood.' 
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hut  diathesis ;  and  that  of  fruits  and  fresh  TOgetables  to  the  produclioo  of  the 

58.  The  ahgolule  quantity  of  Food  required  for  the  maintoinance  of  the  Hnman 
body  in  health,  varies  so  mucli  with  the  ajre,  sex,  constitution,  and  habits  of  the  in- 
diridual,  and  with  the  circumstances  in  which  he  may  be  placed,  that  it  would  be  ab- 
eurd  to  attempt  to  fix  any  standard  which  should  apply  to  every  particular  case.  The 

LUMWtite  is  the  only  sure  guide  for  the  supply  of  the  wanta  of  each  ;  but  its  indi- 
iions  mu.st  cot  be  misinterpreted.  To  eat  tehen  we  are  hungry,  is  an  evidently 
natural  disposition  ;  but  to  eat  as  lontj  as  we  are  huno^ry,  may  not  always  he  pru- 
dent. Since  the  feeling  of  hunger  does  not  depend  so  much  upon  the  state  of 
fulness  or  emptiness  of  the  stomach,  as  upon  the  condition  of  the  general  sjstem, 
it  appears  evident  that  the  injrestion  of  food  cannot  at  once  produce  the  effect  of 
dissipaiiag  it,  though  it  will  do  so  after  a  short  time ;  so  that,  if  we  eat  with  un- 
due rapidity,  we  may  continue  swallowing  food  lung  after  we  have  taken  as  much 
aa  will  really  bo  required  for  the  wants  of  the  system  ;  and  every  superfluous  par- 
ticle is  not  merely  useless,  but  injurious.  Hence,  besides  its  other  important 
ends,  the  proccaa  of  thorough  mastication  is  important,  as  prolonging  the  meal, 
and  thaa  giving  time  to  the  system  to  be  made  acquainted  (as  it  were)  that  the 
supply  of  its  wants  is  in  progress;  so  that  its  demand  may  be  abiited  in  due  time 
to  prevent  the  ingestion  of  more  than  is  required.  It  is  very  justly  remarked  by 
Dr.  Beaumont,  that  the  t'ossation  of  this  demand,  rather  than  the  positive  nense 
of  satiety,  is  the  proper  guide.  *'  There  appears  to  be  a  sense  of  perfect  intelli- 
genoe  conveyed  to  the  encephalic  centre,  which,  in  health,  invariably  dictates 
what  quantity  of  aliment  (responding  to  the  sense  of  hunger  and  its  due  satisfac- 
tion) is  naturally  required  for  the  purposes  of  life  j  and  which,  if  noticed  and 
properly  attended  to,  would  prove  the  most  saluUiry  monitor  of  health,  and  effec- 
tual preventive  of  disease.  It  is  not  the  sense  of  satiety,  for  this  is  beyond  the 
point  of  healthful  indulgence,  and  is  Nature's  earliest  indication  of  an  abuse  atid 
overburden  of  her  powers  to  replenish  the  system.  It  occurs  immediately  pre- 
vious to  this;  and  may  be  known  by  the  pleasurable  pensations  of  perfect  satis- 
faction, ease,  and  quiescence  of  body  and  mind.  It  is  when  the  stomach  says, 
ejiough  ;  and  it  is  distinguished  from  satiety  by  the  difference  of  sensations,  — 
the  latter  saying  tcto  mwJx."  Every  medical  man  is  well  aware  how  generally  this 
rule  is  transgressed ;  some  persons  making  a  reguUir  practice  of  eating  to  reple- 
tion J  and  others  paying  far  too  little  attention  to  the  preliminary  operations,  and 
thus  ingesting  more  than  is  good  for  them,  eveo  though  they  may  actually  leave 
off  with  an  appetite. 

59.  Although  no  universal  law  can  be  laid  dowo  for  iudividualt;,  it  is  a  matter 

'  It  U  worthy  of  remark  that  in  the  times  when  even  the  wealth;  lived  during  four  or 
five  months  of  th«  year  almost  exclusive!}''  upon  mcnt,  bread,  nnd  flour  puddings,  and  when, 
tb«rvfore,  the  diet  was  fnr  too  htgfaljr  azotizcd,  ns  well  as  deficient  in  fre^h  vegetahies. 
Arthritic,  Calcalouei,  and  Scorbutic  disorders  were  rauob  more  oommon  than  at  present. 
The  iatrodnction  nnd  universal  emplojoient  of  the  potato  has  UDqacstiDnably  done  much 
to  correct  these  two  tendencies;  on  the  one  hand,  bj  diluting  the  azotiied  constituents  of 
the  food,  6o  that,  with  the  same  bulk,  a  mni:h  amiiUcr  proportion  of  these  ia  now  intro- 
dneed ;  and  on  the  other,  bj  sapptjing  to  the  blood  some  element  which  \s  essential  to  the 
maintenance  of  ita  healthy  comlition.  But  with  the  dttniuutioD  of  the  arthritio  diathesis, 
which  the  experience  of  our  older  practitionors,  and  the  medical  writinga  of  the  last  cen- 
tarj,  indicnte  as  having  taken  place  during  that  period,  there  has  been  an  increase  in  the 
Rheumatic;  —  a  change  which  seems  to  have  a  close  relation  to  this  alteration  in  diet. 
And  it  seema  not  improbable,  too,  that  this  alteration  in  diet  has  much  to  do  with  tliat 
diminished  power  of  ■lutainlag  Boti»e  depletory  treatment,  which,  according  to  the  obser- 
TAtions  of  practitioners  of  long  experience,  characterizes  the  present  gcnerntion  as  com- 
pared with  the  preceding.  But  whilst  there  is  a  diminished  capability  of  bearing  large 
blood-Iettinga,  violent  purgation,  &c.,  tiiere  Se  at  the  same  time  such  an  increased  tendency 
to  a  faToamble  termination  in  many  of  those  diseases  for  which  they  were  formerly  so- 
eoanted  necessary,  as  should  remove  all  regret  nt  this  change  of  coostitutioii. — On  the 
question  of  'Vegetarianism,'  the  Authur  may  refer  to  his  articles  on  that  subject  in  th« 
"  Brit,  and  For.  Med.  Chir.  Rev.,'*  vol.  vi.  pp.  76  and  399. 


I  OF    FOOD,    AND  THE    DIGESTIVE    FBOOEBS. 

_  much  practical  iinportancG  to  be  able  to  form  a  correct  average  cstiiuate.  It 
is  froui  the  experience  uffurded  by  the  u^ual  coDBuinption  of  food  by  large  bodies 
of  men,  that  our  data  are  obtained )  aud  these  data  are  Huf&eient  to  enable  us  to 
predict  with  tolerable  accuracy  what  will  bo  required  by  similar  aggregations, 
though  they  cau  afford  no  guide  to  the  coDsutuptioo  of  individuals.  We  shall 
first  consider  the  quantity  sufficient  for  men  in  regular  active  exercise ;  and  then 
inquire  bow  far  that  may  be  safely  reduced  for  those  who  lead  a  more  sedentary 
life. — The  Diet-scale  of  the  British  Navy  may  be  advantageously  taken  M-a  spe- 
cimeD  of  what  is  required  for  the  first  class.  It  is  well  knowu  that  an  extraor- 
dinary improTemcnt  has  taken  place  in  the  health  of  seamen  during  the  last  80 
years ;  eo  that  three  abips  can  now  be  kept  afioatj,  with  only  the  same  number  of 
men  as  were  formerly  required  for  two.  Thia  is  due  to  the  improvement  of  the 
quality  of  the  food,  in  cotubinalion  with  otber  prophylactic  means.  At  present, 
it  may  safely  be  affirmed  that  it  would  not  be  easy  to  construct  a  dietrscalo  more 
adapted  to  answer  tho  required  purpose.  The  health  of  crews  that  have  been 
long  afloat,  and  have  been  exposed  to  every  variety  of  external  condiiions,  appears 
to  be  preeerved  (at  least  when  they  are  under  the  direction  of  judicious  officers) 
tti  the  full  as  well  as  that  of  persons  subject  to  similar  viciiisitudes  on  shore ;  and 
there  can  be  no  complaint  of  insufficiency  of  food,  although  the  allowance  cannot 
be  regarded  as  superfluous.  It  consists  of  from  til  to  Zb\  ounces  of  dry  nutri- 
tious  matter  daily;  of  thia  26  oz.  are  vegetable,  and  the  rest  animal.  This  ia 
found  to  bo  amply  sufficient  for  the  support  of  strength ;  aud  considerable  variety 
is  produced,  by  exchanging  various  parts  of  the  diet  for  other  articles.  This, 
however,  is  sometimes  done  erroneously;  thus  8  oz.  of  fresh  vegetables,  which 
contain  onlv  li  oz.  of  solid  nutriment,  are  exchanged  for  12  oz.  of  flour,  which 
ia  almost  all  nutritiouii.  Sugsir  and  Cocoa  are  also  allowed,  partly  in  exchange 
for  a  portion  of  the  spirits  formerly  served  out ;  a  further  diminution  of  which 
has  recently  been  eflccted,  with  great  benefit. —  A  considerable  reduction  in  this 
amount  is  of  course  admissible,  where  little  bodily  exertion  is  required,  and 
where  there  is  less  eipoaure  to  low  temperatures.  In  the  case  of  prisoners,  the 
diet  should  of  course  be  as  spare  as  possible,  consistently  with  health ;  but  it 
sbould  be  carefully  modified,  in  individual  cases,  according  to  several  coUalerai 
circumstances,  such  as  depression  of  mind,  compulsory  labor,  previous  intempe- 
rate habits,  and  especially  ibe  length  of  confinement.  It  has  been  supposed  by 
some  that  prisoners  require  a  fuller  diet  than  persons  at  large  :  this  i*  probably 
erroneous ;  but  more  variety  is  certainly  de.Hirable,  to  counteract,  as  for  as  possi- 
ble, the  depresaing  influence  of  their  condition  upon  the  digestive  powers.  The 
evil  effect  of  an  undue  reduction  in  the  supply  of  food,  and  of  insufficient  atten- 
tion to  its  quality,  has  unfortunately  been  too  frequently  displayed  in  our  prisons; 
a  notable  example  of  which  will  be  horeafter  alluded  to  (§  73).  A  very  excellent 
scale  of  dietaries,  adapted  to  the  different  conditions  of  Prison-life,  has  been 
issued  by  the  Government,  on  the  recommendation  of  the  Inspector  of  prisons. — 
The  effects  of  confinement  have  been  well  shown  in  the  experience  of  the  Eilin- 
burgh  House  of  Refuge,  which  was  first  established  in  1832,  fur  the  reception  of 
beggars  during  the  Cholera,  and  which  has  been  continued  to  the  present  time. 
The  diet  was  at  fir^t  a  quart  of  oatmeal  porridge  for  each  person,  morning  and 
evening;  and  at  dinner  1  oz.  of  meat,  in  broth,  with  7  at.  of  brend  :  making 
altogether  about  23  oa.  of  solid  food  per  day.  During  some  months  this  diet 
seemed  to  answer  very  well;  the  people  went  out  fatter  than  they  came  in,  owing 
to  the  diet  being  better  than  that  to  which  they  had  been  accustomed;  but  after- 
wards a  prooeness  to  disease  manifested  itself  in  those  who  had  been  residents  there 
for  a  considerable  time,  and  the  diet  was  therefore  somewhat  increased  with  good 
effeot.  The  quantity  of  animal  food  was  probably  here  too  sraail ;  aJid  the  total 
weight  might  still  have  been  suffieiont,  if  it  had  been  differently  apportioned. — 
The  inmates  of  Work  houses,  especially  tho,se  who  have  been  accustomed  to  jwor 
food  during  their  whole  lives,  require  much  less  than  those  more  actively  em- 
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ployed;  and  it  b  of  importance  that  tbe  diet  should  Dot  be  superior  in  quantity 
or  quality,  to  that  which  tbo  labouring  classes  in  the  respective  nciglibourhoods 
provide  for  themselves,  A  series  of  Diet-scales  for  Paupera  hsis  been  issued  by 
the  Pix>r-Ijaw  Commissioners,  who  Ptato  that  these  hare  all  been  employed  in 
difTereut  parfs  of  Eadand,  and  have  been  found  to  work  well  j  tbe  averac^e  daily 
amuutit  of  solid  aliment  in  these  is  only  *25i  oz. ;  and  of  this  not  above  18  oz. 
would  t>e  dry  uutriment.'  In  the  Edinburgh  w^khouse,  of  which  tbe  inmates 
ii!>aally  have  pood  healthy  they  are  fed  upon  Ckatmeal  porridge  moruing  and  even- 
ing, with  barley-broth  at  dinner  j  the  total  allowance  of  dry  nutriment  is  about 
17  oi. ;  namely,  13  oz.  of  ve^retable,  and  4  oz.  of  animal.  In  the  Insb  Poor- 
houses,  notwithstanding  the  sufficiency  of  the  diet-scales,  which  are  more  liberal 
than  that  la^t  cited,  a  very  destructive  ophthalmia  has  prevailed  for  several  years 
past;  aad  as  this  disease  is  scarcely  kuown  among  the  peasantry  at  largo,  whose 
diet  is  certainly  not,  on  the  average,  betkr  than  that  of  the  inmates  of  the  poor- 
houses,  it  seems  probably  attributable  to  the  depressing  influence  of  the  monotony 
resulting  from  confinement,  wliieh,  instead  of  being  antagonized  by  any  variation 
io  diet  ^om  day  to  day,  is  favoured  by  it-s  almost  entire  sameness. 

00.  The  smaJlest  quantity  of  food  upon  which  life  is  known  to  have  been  sup- 
y-orted  with  vigour,  during  a  prolonged  period,  ia  that  on  wLich  Comaro  states 
himself  to  have  subsisted ;  thia  was  no  more  than  12  oz.  a  Jay,  chiefly  of  vegeta- 
ble matter,  with  14  oz.  of  light  wine,  for  a  period  of  58  years.  There  is  another 
knowu  case  (that  of  Thomas  Wood,  the  miller  of  Biilericay,  reported  to  the 
!ge  of  Physicians  in  17G7,  by  Sir  George  Baker),  in  which  a  remarkable 
of  vigour  W08  sustained  for  upwards  of  eighteen  years,  upon  no  other 
nutriment  than  16  oz.  of  flour  (containing  about  14  oz.  of  dry  solids),  made  into 
D  pudding  with  water,  no  other  liquid  of  any  kind  being  tiiken.  There  arc  pro- 
bably few,  however, — at  least  among  those  whose  avocations  require  much  mental 
or  bodily  exertion, — who  could  long  persevere  in  such  a  diet.  Still  it  is  certain 
that  life  with  a  moderate  amount  of  vigour  mny  be  preserved  for  some  time,  on  a 
very  limited  allowance  of  food ;  this  appears  from  the  records  of  shipwreck  and 
amilar  disasters.  In  regard,  however,  to  tliose  who  have  beeu  stated  to  fast  for 
a  period  of  months  or  even  years,  taking  no  nutriment,  but  maintaining  an  active 
cooditioD,  it  may  be  safely  asserted  that  they  were  impostors,  probably  possessing 
una£uai  powers  of  abstinence,  which  they  took  means  to  magnify  (§  76). 

61.  Of  the  quantity  which  can  be  devoured  at  one  time,  this  is  scarcely  the 
place  to  speak;  since  such  feat*  of  gluttony  only  demonstrate  the  extraordinary 
capacity  which  the  stomach  Diay  be  itmde  to  attain  by  continual  practice.  Many 
amu»iug  instances  are  relatea  by  Captjiin  Parry  in  his  Arctic  Voyages  j  in  one 
case  a  young  Ksquimaux,  to  whom  he  had  given  (for  the  sake  of  curiosity)  his 
full  tether,  devoured  in  four-nnd-twenty  hours  no  less  thai  35  lbs.  of  various 
kinds  of  aliment,  including  tallow-candle.4.  A  case  has  more  recently  been  pub- 
lished of  a  Hindoo,  who  can  eat  a  whole  sheep  at  a  time;  this  probably  surpasses 
any  other  instance  on  record.  The  half-breed  voyageurs  of  Canada,  according  to 
Sir  John  Franklin,  and  the  wandering  Cossacks  of  Siberia,  as  testified  by  Oapt, 
Cochraoe,  habitually  devour  a  quantity  of  animal  food  which  would  be  eotm  fatal 
to  any  one  unused  to  it.  The  former  arc  spoken  of  as  very  discontented  when 
put  on  a  short  allowance  of  8  lbs.  of  meat  a  day ;  their  usual  consumption  being 
from  12  to  20  lbs. — That  a  much  larger  quantity  of  food  than  that  formerly  spe- 
cilicd  may  be  habitually  taken,  with  perfect  freedom  from  injurious  consequences, 
under  a  p.'iriicular  system  of  eierci.so,  Ac,  appe^irs  from  the  eiperienec  of  those 
who  are  trained  for  feats  of  strength,  pugilistic  encounters,  &c.  The  ordinary 
belief  that  the  Athletic  constitution  cannot  be  long  maintained,  appears  to  have 
DO  real  foundation;  nor  does  it  appear  that  any  ultimate  injury  result<!  from  the 
ayilem  being  persevered  in  for  some  time.     That  'trained'  men  often  fidl  into 

*  A  copious  collection  of  Dietaries  will  be  found  in  Dr.  Pereira^a  "  Treatise  on  Food  and 
Diet,"  and  in  Pr.  lioberlsun'e  "  Treatise  oo  Diet  and  Regimen." 
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bad  health,  on  the  cessation  of  the  plan,  is  probably  owing  in  part  to  the  intem- 
perance and  other  bad  habits  of  persons  of  the  class  nanallj  subjected  to  this 
discipline.  The  effects  of  trainers'  regimen  are  hardness  and  firmness  of  the 
muscles,  cleaniess  of  the  Bkin,  capability  of  bearing  continued  ecvere  exercise, 
and  a  feeling  of  freedom  and  lightness  (or  *corkino8s')  in  the  limbs.  During 
the  continuance  of  the  system,  it  is  found  that  the  body  recovers  with  wonderful 
facility  from  the  effects  of  injuries ;  wounds  heal  very  rapidly ;  cutaneous  erup- 
tions usually  disappear.  Clearness  and  vigour  of  mind,  also,  are  stated  to  be 
results  of  tbia  plan.' 

62.  It  is  not  enough  for  the  healthy  support  of  the  body  that  the  Food  in- 
gested should  contain  an  adequate  proportion  of  alimentary  constituents;  it  is 
important  that  these  should  be  in  a  wholesome  or  uudccomposing  state.  Putting 
out  of  view  all  impregnations  with  deleterious  substances  which  the  articles  used 
aa  food  may  have  received  from  various  external  sources,  it  cannot  be  questioned 
that  they  may  derive  a  poisonous  character  from  changes  talcing  place  in  their 
own  composition.  Thus  it  ia  a  fact  very  familiar  to  German  Toxicologists,  that 
cheese,  bacon,  sausages,  and  other  articleSj  may  spontaneously  undergo  such 
deleterious  alterations  as  give  rise,  when  they  are  employed  aa  food,  to  all  the 
gymptoma  of  irritant  poisoning,  which  may  even  pass  on  to  produce  fatal  conse- 
quences ;  that  Buch  occurrences  are  very  rare  in  this  country,  is  probably  to  be 
attributed  to  a  difference  in  the  mode  of  preparation.  Thta  change  does  not 
appear  to  consist  in  simple  putrescence ;  for  the  effects  which  the  cheese-poison, 
sausage-poison,  &c.,  produce  on  the  animal  economy,  are  far  more  potent  thao 
mere  putrescence  could  occasion ;  and  it  is  supposed  by  Liebig  to  coDsiat  in  the 
generation  of  a  peculiar  ferment,  which  the  stomach  is  not  able  to  decompoee.' 

'  The  method  of  trainiog  employed  hy  Jackson  (r  aelebrated  trainer  of  prizc-figMerfi  in 
modern  timcfl),  as  deduced  from  hia  anHWers  to  queatioas  put  to  him  hy  John  Bell,  was  to 
be^n  OQ  a  clear  fouadation  by  an  crDetic  and  two  or  three  purges.  ISvef  and  mutton,  the 
lean  of  fat  meat  beiog  preferred,  coostituted  the  principal  food ;  Teal,  lamb,  and  pork  were 
said  to  be  lesa  digestible  ('*  the  lust  purges  some  men").  Fish  was  said  to  be  a  "  watery 
kind  of  diet:"  nnd  is  employed  by  jockeys  who  wish  to  reduce  weight  by  sweating.  Stale 
bread  was  the  only  vegetable  food  allowed.  The  quantitj  of  fluid  permitted  was  8J  pinta 
per  diem  ,*  but  fermented  liquors  were  strictly  forbidden.  Two  fall  meals,  with  a  light 
supper,  were  usually  luken.  The  quantity  of  exercise  employed  wan  *ery  considerable, 
and  such  its  few  moo  of  ordtoary  streugiU  could  endure.  — ^This  acoonnt  oorreaponda  ytrj 
much  with  that  which  Fluntur  gave  of  tbe  Nurth  Americi^n  Indians,  when  alwut  to  set  out 
for  a  long  march. 

*  [The  latest  investigations  on  the  subject  of  sausage  poison  are  those  of  Prof,  Julius 
Schlossbcrger  {Phil.  Med.  Exam.,  Feb.  H<&5),  who  thinks  it  best  to  dinenrd  the  idea  of  a 
ferment,  as  its  nature  prevents  all  further  iavestigation,  and  in  place  thereof,  he  proposes 
his  supposition  as  applicable  to  most  of  the  cai»ea,  and  which  has  already  been  strength- 
ened by  many  facts.  This  theory  attributes  the  action  of  many  poisonous  sausages  to  tbe 
presence  of  an  organic  base,  somewhat  similar  to  nicotine,  and  is  founded  upon,  Ist,  the 
premises  already,  in  great  part,  established,  that  in  poisonous  sausages  and  cheese,  organic 
baaea  are  formed  by  the  decomposition  of  the  protein  bodies;  and  2d]y,  upon  the  previous 
■apposition  that  they  give  rise  to  these  peculiar  symptoms  of  poiaoDing,  a  thought  (hat 
■eeraa  already  Co  have  occurred  to  Kastner,  as  he  suggests  the  existence  of  an  alkaloid 
derived  from  tbe  mould  in  the  sausages.  The  presence  of  such  volatile  bases  in  the  de- 
oomposition  of  nitrogenous  animal  substances,  from  which  ammonia  is  Bubse>)uently  formed, 
is  certainly  more  than  probable,  and  in  many  cases  stated  by  Stenhouse,  shown  to  be  con- 
stuit  i$.  has  aiso  found  ammonia  in  large  amount  in  the  noxious  sausages,  and  remarked, 
at  the  same  time,  a  peculiar,  disagreeable  odour.  The  behaviour  of  the  greater  part  of 
tbe  substances  homologous  with  ammonia,  io  the  organism,  is  still  unknown,  and  at  all 
events  each  of  them  requires  a  physiolugicai  investigation;  for  out  of  the  innumerable 
bases  that  have  been  and  will  yet  be  discovered,  many,  that  are  very  eimilar  in  compo- 
eition,  exert  very  ditTercnt  effects  upon  the  body.  On  the  other  hand,  nicotine,  coneioe 
•nd  apartein  (the  three  best  known  representatives  of  tbe  volatile  bases  from  the  vegeta- 
ble kingdom,  and  whose  close  relation  with  ammonia  cannot  be  ignored)  are  well  known 
for  their  extraordinnriiy  puisonoua  properties.  It  is  certain  that  alkaloids,  like  leucine  and 
tyrosine,  are  found  hi  old  cheese,  aud  if  these  Ibarmless  substances  occur,  why  should  ihey 
not,  under  certain  circumstances,  be  accompanied  by  poisonous  bodies  possessing  the 
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Bimilar  changes  in  ordinarj  flcsfa-meat  seem  to  be  sometimes  consequent  mpoD  the 
preTions  existence  of  a  disea-sed  condition  in  the  animal  'which  furnished  it. 
Many  iDStanees  of  this  kind  have  been  recorded ; '  —  and  the  risk  is  quite  suflS- 
cient  to  justify  a  strict  prohibirion  of  the  use  of  any  such  article.  —  That  meat 
wbicb  is  simply  putrescent  is  to  be  considered  as  injurious  per  se,  when  habitu- 
ally employed,  is  scarcely  a  matter  of  reasonable  doubt.  It  is  true  that  some 
nations  are  in  the  habit  of  keeping  their  meat  until  it  is  tainted,  having  a  prefe- 
rence for  it  in  that  condition,  which  seems  to  have  grown  out  of  the  supposed 
necessity  for  thus  employing  it ;  a  preference  which  has  its  parallel  among  the 
epicures  in  our  own  country,  who  consider  the  Itmit  y(.iul  essentiiil  to  the  perfec- 
tion of  their  venison  or  woodcock.  One  of  the  most  remarkable  examples  of  this 
kind  among  a  civilized  people,  is  furnished  by  the  inhfibitants  of  the  Faroe 
islands ;  who,  according  to  the  report  of  Dr.  Panum,  who  has  investigated  their 
SanitaTy  condition,  live  during  a  large  part  gf  the  year  uptm  meat  in  a  state  of 
incipient  decomposition,  and  introduce  rast^  or  half-decayed  niaggotty  flesh,  fowl, 
or  fish,  as  a  special  relish  at  the  end  of  a  meal.'  The  result  of  sucb  a  diet  is  (as 
might  be  anticipated)  a  continual  disorder  of  tbc  digestive  organs,  manifesting 
itself  especially  by  diarrhoea.  This  is  a  symptom  of  annual  occurrence  on  the 
bird-islands,  and  is  also  invariably  observed  after  a  large  '  take  '  of  whales,  when 
much  of  the  flesh  of  these  animals  necessarily  becomes  'rast'  before  it  is  con- 
eirmed.  And  this  diarrha?a  aLso  complicates  the  course  of  other  diseases,  and 
even  becomes,  from  its  obstinacy  and  exhausting  character,  their  most  serious 
occurrence.  Moreover,  the  Faroese  are  peculiarly  liable  to  suffer  severely  from 
epidemics,  when  these  are  introduced  among  them  j  as  was  especially  shown  in 
tbe  epidemic  of  Measles  investigated  by  Dr.  Panum^  which  attacked  in  tho 
eoune  of  six  months  scarcely  le^s  than  6000  out  of  a  population  of  77H2,  no  age 
being  spared,  and  very  few  escaping  save  such  as  had  suffered  from  the  malady 
in  the  epidemic  which  had  occurred  65  years  previously,  and  euch  as  maintained 
a  very  rigorous  isolation.  Hence,  notwithstanding  that  the  usual  rate  of  mortal- 
ity is  very  low  (only  1  in  64J  annually),  it  is  obvious  that  there  is  a  certain  con- 
stitutional condition  among  them,  which  peculiarly  favours  the  reception  and 
propagation  of  Zymotic  poisons ;  and  it  is  quite  conformable  to  tho  principles 

nin«  cbemicul  character?  S.  here  obiieryes,  tlint  opium,  together  with  bases  that  ftct 
powerfttllj  upon  tbe  orgKoiffm,  also  coat&ins  alkaloids  tbut  are  perfeetljr  indifferent  ia  this 
re«[yecL  S.  also  cites  the  inetonce  of  the  volatile  baaes  that  Wutbeim  aud  IIofiiiaQn  have 
shown  to  exist  in  herring  pickle  (propjlamine,  trimethjrlttroine).     S.  fiuallf  endeavourB  to 

make  use,  for  his  hypotheaia,  of  the  circumstance  discoTered  by  Eemer  and  A ,  thht 

the  products  of  deetruotiTe  distillation  of  fresh  blood-sausages  cause  similar  symptoms  ia 
aaimala  to  those  of  tbe  tauaage  poisobing.  He  there  points  out  (mecording  to  Anderson's 
inveetigationa  upon  the  pyrogenous  oil  from  bonee)  that  during  the  deatructire  dJistillntion 
of  nitrogeobus  bodies,  together  with  the  so-called  empjreumatic  bases,  the  alcohol  bases, 
euch  a«  methyl,  iietbylamine,  &c.,  also  appear,  and  that  these  (like  the  separation  of  leucina 
into  Talerianio  acid  and  ammonia)  form  the  neaexsary  stops,  m  place  of  the  fatty  acids  and 
ammoma.  S.  would  also  seek  for  the  same  volatile  bases  in  potsonoua  mushrooms,  in 
•rgot,  in  rotten  potAtoes,  in  the  air  of  graTes  and  oloacse,  and  even  in  tbe  eo-callcd  ca<Ja> 
verie  poison,  and  cousiders  them  as  the  cause  of  the  action  of  these  substanoea  upon  the 
organism.  —  Ed.] 

•  See  "Ann.  d'Hygifene."  1829,  ii.,  p.  267;  1894,  ii.,  69;  also  Taylor  in  '« Ouy'a  Hos- 
pital Beportfi,"  April,  1843. 

•See  Dr.  Panum's  ' ObserTations  on  an  Epidemic  of  Measles  in  the  Faroe  Islands,'  in 
the  "Bibliothek  for  Lecgr.,"  1846;  of  which  an  analysis  ia  ,gi?en  in  tbe  "  Itrit.  and  For. 
)Icd.'Cbir.  ReT.,"  toI.  vii.  p.  419.  —  Dr.  Pannm  says,  "During  the  Interval  of  many 
months  that  the  deah,  fish,  or  fowl,  is  neither  fre»h,  nor  yet  wind-drie<l,  it  ia  called  'rast,' 
•  word  which  I  can  only  translate  by  half-rotten.  This  appellation  it  fully  deserves,  from 
the  horrible  smell  that  it  sends  forth,  from  its  mouldy  aspect,  and  the  auiaeroua  maggots 
that  Rwarm  upon  it.  I  have  seen  a  boat's  crew  of  eight  men  eating  with  great  relish  the 
raw  fleah  of  the  ea'aing  whale,  even  though  it  waa  ao  deoompoaed  that  the  smell  of  it  waa 
itiaagrcaatle  to  me  e^eo  in  an  open  boat,  and  the  bottom  of  the  boat  was  almost  white  witk 
the  nuggoti  that  fell  from  the  decaying  mass." 
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elsewhere  laid  down  (§  22C)f  to  uttribute  this  to  the  hnbitiml  iotroduction  of  pa- 
tre*cent  matter  with  tire  food.  It  is  probable,  indeed,  that  if  it  were  not  for  the 
active  lives  of  the  Faroese,  and  their  habitual  exposure  to  a  low  extcnial  tempera- 
ture, the  direct  effects  of  their  diet  would  be  far  more  prejudicial  than  thej  arej 
but  a  large  part  of  these  are  probably  neutralized  bj  that  activity  of  refipiraiion 
which  the  habits  of  life  of  this  hardy  people  induce,  xaMoh  of  the  noxious  matter 
bein<;  decomposed  and  eliminated  by  the  combustive  process  (§  232).  Hence  it 
may  well  be  conceived,  that  the  efFeotfi  of  putreacent  food  would  be  much  more 
decidedly  manifested  amongst  individuals  habitually  living  in  close,  ill-ventilated 
apartments ;  and,  although  the  same  means  of  comparison  do  not  exist,  aince 
there  is  no  part  of  our  towD-piipulatioa  habitually  subi<iistiug  on  eueh  a  diet  as 
that  of  the  Faroesej  yet  there  is  no  want  of  evidence  with  regard  to  the  injurioos 
effects  of  even  the  oceasinual  employment  of  putrescent  food,  especially  when  any 
lymotic  disease  is  epidemic' 

03.  That  it  is  Water  which  constitutes  the  natural  drink  of  Man,  and  that  no 
other  liquid  can  supply  ita  place,  is  apparent  from  the  most  cursory  glances  at  its 
uses  in  the  system ;  and  it  is  only  necessary  here  to  remark,  that  the  purity  of 
the  water  habitually  ingested  is  a  point  of  eitrcrae  importance.  A  very  minute 
impregnation  with  lead,  for  example,  is  quite  sufficient  to  devclopo  all  the  symp- 
toms of  chronic  lead-poisoniog,  if  the  use  of  such  water  be  sufficiently  prolongcd- 
In  the  caae  of  the  ex-royal  family  of  France,  many  of  whom  suffered  in  this 
manner  at  Clareroont,*  the  amount  of  lead  was  only  about  one  grain  per  gallon ; 
and  in  a  case  subsequontly  published,  in  which  also  the  symptoms  of  lead-poison- 
ing were  unequivocally  developed,  the  amount  was  no  more  than  l-9t!i  of  a  grain.* 
So,  again,  an  excess  of  the  saline  ingredients,  which  appear  to  be  innocuous  in 
>SU}all  quantities,  may  produce  a  marked  disorder  of  the  digestive  organs,  and 
"[through  them)  of  the  system  generally.*  Moreover,  as  in  the  case  of  food,  the 
^"presence  of  a  very  small  amount  of  putrescent  matter  is  quite  sntBeicut  to  pro- 
duce the  most  pernicious  results,  when  that  matter  is  habitually  introduced  ioto 
the  system ;  and  these  results,  on  the  one  band,  manifest  themselves  in  the  pro- 
duction of  certain  disorders,  which  appear  distinctly  traceable  to  the  direct  action 
of  the  poison  so  introduced ;  whilst,  on  the  other,  they  become  apparent  in  the 

'  Facts  of  this  kind  hare  been  abundnntlj  furniBhect  during  the  visitations  of  Cliolent.  See 
the  "  Report  of  the  Gernerftl  Bdard  of  Health  on  the  Epidemic  Cholera  of  1848  aud  1849," 
pp.  €3,  64.  —  Ad  intstance  of  a  very  remarkable  kind  occurred  at  Bridgwater,  towards  llio 
close  of  til  at  epidenjic,  as  related  to  the  author  hy  I>r.  Brittan.  A  cargo  of  spoiled  oyeters 
having  been  brought  tu  the  town,  nnd  the  sale  of  them  having  been  prohibited  on  account 
of  their  pntrescent  condition,  they  were  giTcn  away  to  any  who  would  receive  them ;  and 
several  children  in  n  neighbouring  echool  partook  of  them  plentifully.  Id  the  course  of  the 
following  night,  alt  who  bad  eatcu  of  the  oyatera  (ao  far  as  Dr.  Brittaa  could  oocertoin) 
were  attacked  with  cholera  and  choleraic  diarrhoea,  and  eleven  of  the  cbildrea  died  the 
next  dmy. 

"*  See  (ho  account  of  this  ca«e,  which  presents  many  feature«  of  great  Interest,  in  the 
"Dublin  Quarterly  Journal  of  Medical  Science,"  vol.  vii.  p.  415. 

»  See  Herspath  in  "  Medical  Gaiette."  Sepi  20,  1850,  p.  618. 

*  Of  this  a  very  instructive  case,  which  occurred  at  Wolverton,  has  been  published  by 
Mr,  Corfe  in  the  "  Pharmiiceutical  Journal,"  July,  1848,  So  Inrge  a  number  of  indi- 
viduals were  there  attacked,  after  the  use  of  water  from  a  certain  well  for  aome  months, 
with  disorders  bearing  a  strong  general  resemblance  to  each  other,  though  differing  in  their 
subordinate  features,  and  the  intensity  of  these  disorders  bore  such  n  oonstaat  nitio  to  the 
amount  of  the  saline  water  habitually  employed,  that  no  reasonable  doubt  oould  exist 
with  respect  to  its  causative  ogency.  Yet  the  total  qitanttty  of  saline  matter  was  only 
about  40  graiDS  per  galiou,  or  but  little  more  than  one-sixth  of  that  which  is  contained  in 
the  Warionbiid  water,  the  spo  to  which  it  presented  the  greatest  resemblance  in  the  com- 
binaliua  of  it^  coo^oaents;  and  as  the  symptoms  which  were  prevalent  at  WoKertun  bore 
a  very  close  correspondence  with  those  which  are  knovni  to  result  from  the  imprudent  use 
of  the  Marienbnd  water,  it  appears  that  hero  too  the  earn*  effects  are  produced  by  the  long- 
eontintied  employment  of  the  weaker  beverage,  aa  by  a  much  smaller  numb«r  of  doses  of 
the  BtroDger  one. 
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extnordinaTT  augmentntion  of  the  liability  to  attacks  of  sncli  zymotic  diseases  as 
may  at  the  time  be  prevalent.' 

64.  The  varions  beyerages  employed  by  Man,  for  the  most  part  consist  of 
Water  holding  solid  matters  of  different  kinds  in  solntion ;  and  it  is  not  reqni< 
site,  therefore,  to  bestow  any  special  attention  npon  them.  Bnt  the  nse  of  Alcoholj 
in  combination  with  water  and  with  oi^nic  and  saline  compounds,  in  the  various 
forms  of  'fermented  liquors,'  deserves  particular  notice,  on  account  of  the  nu> 
meroQS  fallacies  which  are  in  v(^e  respecting  it  —  In  the  Jirat  place,  it  may  be 
safely  affirmed  that  Alcohol  cannot  answer  any  one  of  those  important  purposes 
for  which  the  use  of  Water  is  required  in  the  system ;  and  that,  on  the  other 
hand,  it  tends  to  antagonize  many  of  those  purposes,  by  its  power  of  precipitating 
most  of  the  organic  eomponnds,  whose  solution  in  water  is  essential  to  their  appro- 
priation by  the  living  body.  Secondly,  the  ingestion  of  Alcoholic  liquors  cannot 
snpply  anything  which  is  essentitd  to  the  due  nutrition  of  the  system ;  since  we 
find  not  only  individnals,  but  whole  nations,  maintaining  the  highest  vigour  and 
activity,  bow  of  body  and  mind,  without  ever  employing  them  as  an  article  of 
diet.  Thirdfy,  there  is  no  reason  to  believe  that  Alcohol,  in  any  of  its  forms, 
can  beoome  directly  subservient  to  the  Nutrition  of  the  tissues ;  for  it  may  be 
eertainly  affirmed  that,  in  common  with  non-azotized  substances  in  general,  it  is 
incapable  of  transformation  into  Albuminous  compounds;  and  there  is  no  suffi- 
cient evidence,  that  even  Fatty  matters  can  be  generated  in  the  body  at  its  ex- 
pense.' FourtMy,  the  alimentary  value  of  Alcohol  consists  merely  in  its  power 
of  contributing  to  the  production  of  Heat,  by  affording  a  pabulum  for  the  respi- 
ratoiy  process ;  but  for  this  pun)Ose  it  would  be  pronounced  on  Chemical  grounds 
alone  to  be  inferior  to  fat  (§  54);  and  the  result  of  the  experience  of  Arctic 
voyagers  and  travellers  is  moat  decided  in  regard  to  the  comparatively  low  value 
of  Auohol  as  a  heat-producing  material. — Fi/lhlyfthe  operation  of  Alcohol  upon 
the  living  body  is  essentially  that  of  a  atimulut;  increasing  for  a  time,  like  other 
Btimali,  we  vital  acUvity  of  the  body,  and  especially  that  of  the  nervo-muscular 
apparatos,  so  that  a  greater  effect  may  often  be  produced  in  a  given  time  under 
its  use,  than  can  be  obtained  without  it ;  but  being  followed  by  a  corresponding 
depression  of  power,  which  is  the  more  prolonged  and  severe,  in  proportion  as  the 
previous  excitement  has  been  greater.  Nothing,  therefore,  is  in  the  end  gained 
by  their  nse;  which  is  only  justifiable  where  some  temporary  emergency  can  only 
be  met  by  a  temporary  augmentation  of  power,  even  at  the  expense  of  an  in- 
creased amount  of  subsequent  depression ;  or  where  (as  in  the  case  of  some  indi- 
viduals whose  digestive  power  is  deficient)  it  affords  aid  in  the  introduction  of 

*  For  ample  eridenee  to  this  effect,  see  Dr.  Pereira's  "Treatise  on  Food  and  Diet," 
pp.  89-91 :  and  the  "  Report  of  the  General  Board  of  Health  on  the  Epidemic  Cholera  of 
1848  and  1849,"  pp.  69-68,  "Appendix  a,"  p.  14,  and  "Appendix  b,"  pp.  91-95.  — The 
following  very  instmotiTe  ease  oecnrred  a  few  years  ago,  within  the  Anther's  own  know- 
ledge. In  a  certain  terrace,  in  the  most  aristocratic  suburb  of  a  large  prorincial  town, 
eonnsting  of  houses  of  a  saperior  class,  and  Tery  favourably  situated  as  regards  tho  access 
of  pore  ur,  an  epidemic  of  gastric  feTcr  broke  out,  much  to  the  astonishment  and  dismay 
of  the  residents,  no  such  malady  haiing  erer  been  known  to  prevail  in  the  neighbourhood. 
It  was  soon  obsenred,  however,  that  the  attacks  of  the  fever  were  limited  (in  the  first  in- 
stanee  at  least)  to  those  individnals  who  were  accustomed  to  use  the  water  of  a  neighboar* 
iag  well ;  those  who  were  supplied  tmm  a  deep  spring  at  a  distance  being  entirely  free. 
For  some  little  time  before  this  outbreak,  a  disagreeable  taste  had  been  observed  in  the 
well-watOT;  and  this  was  subsequently  traced  to  the  bursting  of  a  sewer,  which  had  dis- 
charged put  of  its  contents  into  the  welL  This  cause  being  removed,  the  terrace  has 
aicee  exhibited  no  tendency  whatever  to  a  recurrence  of  the  effect. 

*  It  Is  quite  true  that  some  persons  who  consume  large  quantities  of  fermented  liquors 
become  very  fat ;  bnt  the  material  for  this  fat  is  probably  derived  in  part  from  the  consti- 
tuents of  the  food,  and  in  part  ftvm  the  disintegration  of  the  tissues ;  the  hydrocarbona- 
eeons  matters  in  the  system  being  prevented  from  undergoing  the  combnstive  process  to 
wiiich  they  would  otherwise  be  subject,  by  the  superior  idBnlty  for  oxygen  which  Alcohol 
possesses.  Modi  of  the  ftitty  deposit  in  intemperate  pereons  has  the  character  of  'fatty 
degeneration ; '  the  tendency  to  which  is  very  marked  in  persons  of  this  class. 
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aliment  into  the  system,  which  notluDg  else  can  so  well  pupplj.  Th«se  excep- 
tional cases,  however,  will  be  less  Dumcruus,  in  proportion  as.  due  Httention  is 
paid  to  those  other  means  of  promoting  health,  which  are  more  in  accordance 
with  Nature. 

65.  The  Phjsiologioil  objections  to  the  habitnal  use  of  even  email  quantities 
of  Alcoholic  liquors,  rest  upon  the  following  grounds,  Fir»t,  they  are  univer- 
sally admitted  to  possess  a  jx/isonous  cbaracter^^  when  administered  in  large  doses; 
death  betiif;  the  speedy  result,  through  the  suspension  of  nervous  power,  which 
their  introduction  into  the  circulation  in  sufficient  qunntity  ia  certaio  to  induce. — 
Stxvudlt/,  when  habitually  used  in  exce8.«ive  quantities,  universal  experience 
shows  that  Alcoholic  liquors  tend  to  produce  a  morbid  condition  of  the  body  at 
large,  and  ospecially  of  the  nervous  system ;  this  condition  being  such  as  a  know- 
ledge of  its  modus  operandi  on  the  body  would  lead  the  Physiologist  to  predi- 
cate. —  Tht'rd/^,  the  firequent  occurrence  of  more  chronic  diseases  of  the  same 
cbuntcter,  among  persons  ndvanced  in  life,  who  have  habitually  made  use  of  Alco- 
holic liquors  in  '  moderate'  amount,  affords  a  strong  probability  that  they  result 
from  a  gradual  perversion  of  the  nutritive  processes,  of  which  that  habit  is  the 
cause.  This  pervorsion  manifests  itself  peculiarly  in  the  tendency  to  *  futty  dege- 
neration' of  the  muscular  substance  of  the  heart,  of  the  walls  of  the  arteries,  of 
the  glandular  substance  of  the  kidney  and  liver,  and  of  many  other  parts ;  and 
thus  gives  rise  to  a  great  variety  of  forms  of  disease.  It  seems  probable  that  its 
viodut  operandi  in  these  cases,  is  not  so  much  by  directly  deteriorating  the  forma- 
tive operations,  as  by  obstructing  the  removal  of  the  hydrocarbonaceous  products 
of  the  continual  disintegration  of  the  tissues,  in  virtue  of  tho  stronger  affinity 
which  alcohol  has  for  oxygen,  whereby  it  will  prevent  the  Respiratory  process 
from  exerting  its  due  influence  in  the  purification  of  the  blood.  —  Fourthly,  the 
special  liability  of  the  intemperate  to  zymotic  diseases,  seems  an  indication  that 
the  habitual  ingestion  of  Alcoholic  liquors  tends  to  prevent  the  due  elimiDation 
of  the  azotized  products  of  the  disintegration  of  the  system,  and  thus  to  induce  a 
'fermentable'  condition  of  the  blood  (§  226).  —  Fi/thli/,  extended  experience  has 
shown  that  notwithstanding  the  temporary  augmentation  of  power  which  may 
result  from  the  occasional  use  of  fermented  liquors,  the  capacity  for  prolonged 
endurance  of  mental  or  bodily  labour,  and  for  resisting  the  extremes  of  heat  and 
cold,  as  well  as  other  depressing  agencies,  is  diminished  rather  tJiiin  increased  by 
their  habitual  employment.  —  On  these  grounds,  the  Author  has  felt  himself  fully 
•justified  in  the  conclusion,  that,  for  Physiological  reasons  alone,  habitual  absti- 
nence from  Alcoholic  liquors  is  the  best  rule  that  can  be  laid  down  for  the  great 
majority  of  healthy  individuals;  the  exceptional  cases  in  which  any  real  benefit 
can  be  derived  from  their  use,  being  extremely  few.'  [In  addition  to  the  mate- 
rials of  food  already  enumerated  may  be  mentioned  a  class  of  articles  which, 
although  not  absolutely  essential  to  life,  are  instinctively  demanded  by  man; 
these  are  Tea  and  Coffee,  Pepper,  Tobacco,  Spices,  Opium,  Indian  Hemp.  These 
have  been  called  by  Dr.  T.  K.  Chambers,  Extra  Diet,  or  Accessory  Food." 
They  are  what  Man  does  not  want,  if  the  protracting  his  existence  on  earth  from 
day  to  day,  be  the  sole  cad  of  his  feeding.  He  could  live  without  them,  grow 
without  them,  think  without  them;  and  yet  wo  find  among  all  clu.'^scs  a  craving 
for  them  which  is  with  some  irresistible.  Of  the  effects  of  Tea  and  Coffee  aa 
articles  of  Diet  we  have  the  evidence  of  Dr.  Bockcr,  detailed  in  a  Tract  (Re- 
searches on  the  Action  of  Tea},  containing  the  results  of  experiments  upon  him- 
self with  that  article.  The  first  set  of  the  first  scries  consists  of  seven  observa- 
tions, of  twenty-four  hours  duration  each,  in  the  months  of  July  and  August,  with 

'  See  his  "  Physiology  of  Temperance  and  Total  Abstinence;  "  also  the  important  Trea- 
tise on  "Alcoholismus  Ohronicua  "  by  l>r.  Hubs  of  Sloekholro,  of  which  iin  kbstract  is  givea 
In  the  "Brit,  iiad  For.  Med.  Chir.  Rev.,"  toIs.  vii.  and  ii. 

*  "  Brit,  and  For.  Mnd.  Chir.  R«t.,"  Oat,  1864,  on  the  use  of  Alcohol,  Tea,  Coffee,  and 
other  acceaborjr  Fcrod. 
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three  barely  snflBcient  me&ls  per  dufm,  in  quantities  as  nearly  equal  each  day  as 
could  be  maaaged,  and  with  only  spring- water  to  drink.  The  second  set  comprise 
the  same  number  of  observations  in  August,  September  and  October,  under  simi- 
lar cirvumstaoces,  except  that  infusion  of  tea,  drunk  cold,  was  taken  instead  of 
plain  water.  A  careful  record  was  made  each  day  of  the  quantity  of  urine,  and 
fjecca,  and  of  the  water  and  solid  matters  contained  therein,  with  their  reaction, 
colour,  kc.f  the  amount  of  insensible  perspiration,  carbonic  acid  expired,  number 
of  respiratory  movements,  pulse,  and  the  duration  of  bodily  exercise  in  the  open 
air,  and  every  circumstance  in  ehort  that  could  in  any  way  influence  the  result. 
A  third  series  of  experiments  of  similar  character  was  instituted^  and  the  follow- 
ing conclusions  were  arrived  at  as  a  deduction  from  the  whole. 

1.  Tea  in  ordinary  doses  has  not  any  eflect  on  the  amount  of  carbonic  acid 
expired,  the  firequency  of  respiration,  or  the  pulse. 

2.  When  the  Diet  i^  insufficient,  Tea  limits  very  much  the  loes  of  weight 
thereby  entailed. 

3.  When  the  Diet  is  insufficient,  the  body  is  more  likely  to  gain  weight  when 
Tea  is  taken,  than  when  not. 

4.  Tea  diminishes  very  much  the  loss  of  substance  in  the  shape  of  Urea. 

5.  It  lessens  remarkably  the  quantity  of  faeces  excreted. 

6.  The  loss  by  perspiration  is  also  limited  by  Tea. 

A  series  of  experiments  made  by  Dr.  Julius  Lehmann,  exhibits  the  effects  of 
Coffee  on  the  urinary  excretion  j  the  results  are  as  follows  : 

1.  "That  Coffee  produces  on  the  organism  two  chief  effects,  which  it  is  very 
difficult  to  connect  together,  viz. :  the  raising  the  activity  of  the  vascutnr  and 
Dervous  systems,  and  protracting  remarkably  the  decomposition  of  the  tissues. 

2.  •*  That  it  is  the  reciprocal  modifications  of  the  specific  actions  of  the  empy- 
rcumatic  oil  and  cuffcin  contained  in  the  bean  which  call  forth  the  stimulant 
effects  of  Coffee,  and  therefore  those  peculiarities  of  it  which  possess  importance 
in  our  eyes,  viz. :  the  rousing  into  new  life  the  soul  prostrated  by  exertion,  and 
especially  the  giving  it  greater  elasticity,  and  attuning  it  to  meditution,  and  pro- 
docing  a  general  feeling  of  comfort  and  cheerfulness. 

3.  "That  the  protraction  of  nictainorphic  decomposition  which  this  beverage 
produces  in  the  body  is  chieOy  caused  by  the  empyreumatic  oil,  and  that  the 
caffein  only  causes  it  when  it  is  taken  in  larger  quantity  than  usual. 

4.  "  That  caffein  (in  excess)  produces  increased  action  of  the  heart,  rigors,  de- 
rangement of  the  urinary  organs,  headache,  a  peculiar  inebriation,  deliriutn,  &c. 

5.  "That  the  empyreumatic  oil  (in  excess)  causes  perspiration  and  diuresis, 
quickened  motiou  of  the  bowels,  and  auj^mented  activity  of  the  understanding, 
which  may  indeed,  by  an  increase  of  the  dose,  end  in  irregular  trains  of  thought 
and  congestions,  restlessness  and  incapacity  for  sleep." 

These  observations  would  seem  to  show  that  the  Tea  and  Coffee-drinkor  may 
have  less  to  eat,  and  yet  lose  l&ss  weight  than  the  Water-^lrinker.  And  that 
under  circumstances  where  Animal  Food  is  scarce,  they  may  diminish  the  demand 
for  it  by  lessening  the  waste  of  the  nitrogonized  tissues  by  the  use  of  these  bcve- 
r^es.  The  observations  of  M.  Gsisparin  show  that  the  journeymen  miners  in 
the  neighbourhood  of  Charleroi  preserve  robust  health  and  great  muscular  strength 
by  the  habitual  use  of  Coffee?,  which  enters  largely  into  their  daily  food.  Their 
meals  consist  of  Bread  and  Butter  and  Coffee,  with  some  green  Vegetables.  Meat 
ii  eaten  but  once  a  week.  It  is  calculated  that  such  a  labourer  consumes  only 
about  four  drachms  of  nitrogen  a  day,  an  amount  greatly  less  than  that  required 
in  other  places  and  under  other  circumstances. 

The  observations  of  Dr.  Bocker  on  the  use  of  Alcohol  go  to  show  that  it  also 
diminishes  the  waste  of  tiHsuea ;  the  results  following  the  administration  of  a 
teaspoonful  of  Alcohol  seven  or  eight  times  a  day  being  thus: 

I.  Alcohol  diminishes  the  excretioa  both  of  the  Bolid  and  Quid  constituents  of 
tbe  urine. 
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2.  Alcohol  does  not  increase  the  cutaneous  perspiration. 
8.  Alcohol  does  not  augment  the  fa>cal  excretion. 

4.  Alcohol  diminishes  not  only  the  absolute  quaotitj  of  carbonic  acid  exhaled 
by  the  lungs,  but  also  the  relative  proportion  of  it  in  the  products  of  respiration. 

5.  The  excretion  of  Water  by  the  lungs  is  unaffected. 

The  therapeutical  deductions  that  follow  from  the  above  Physiological  obsorvn- 
tiona  in  the  adiuiaistration  of  Tea,  Coffee  and  Alcohol,  are,  that  vrhvu  ^ofie  is  to 
be  prevented,  the  nervous  energy  roused  and  the  circulation  invigorated,  each 
may,  by  their  cautious  ndniinistration,  be  rendered  Dormal.  When  it  is  desir- 
able that  secretion  should  take  place  more  actively,  destructive  absorption  be 
encouraged^  or  the  circulation  be  moderat«d,  abstinence  from  them  should  he 
enjoined. 

A  series  of  carefully  conductca  experiments  with  the  various  narcotics  will 
probably  show  that  they  too  exercise  a  controllinir  power  over  the  waste  of  the 
tissuea.  It  requires  more  than  the  mere  fleeting  enjoyment  of  their  effects  to 
account  for  the  iu^tinctive  longing  which  even  the  most  barbarous  nations  maci- 
fest  for  their  use.  —  Ed.J 


2.   0/  Hufiffer  and  Thirtt ;  —  Starvation. 

66.  The  want  of  solid  aliment,  arising  out  of  the  Bcveral  sources  of  demand 
formerly  enumerated  (§§  £6-28),  is  indicated  by  the  ficn?ntion  of  Hunger;  and 
that  of  liquid,  by  Thirst.  The  former  of  thpM  sensationa  is  referred  to  the 
stomach,  and  the  latter  to  the  fauces;  but  although  certain  conditions  of  these 
parts  may  be  the  immediate  cause  of  the  sensations  in  question,  tbey  are  really 
indicative  of  the  requirements  of  the  system  at  large.  For  the  intensity  of  the 
feeling  bears  no  constant  relation  to  the  amount  of  solid  or  liquid  aliment  in  the 
stomach  ;  whilst  on  the  other  hand,  it  does  correspond  with  the  excess  of  demand 
in  the  system,  over  the  supply  afforded  by  the  blood;  and  it  is  caused  to  abate 
by  the  introduetion  of  the  ref|uisite  material  into  the  circulating  fluid,  even  though 
this  be  not  accomplished  in  the  usual  manner  by  the  ingestion  of  food  or  drink 
into  the  stnmiich. 

67.  That  the  sense  of  Hunger,  however,  is  immedintely  dependent  upon  some 
condition  of  the  Stomach,  seems  to  follow  from  the  fact,  that  it  may  be  tempo- 
rarily alleviated,  by  introducing  into  the  digestive  cavity  matter  whieh  is  not 
alimentary.  Of  the  precise  nature  of  that  condition,  we  have  no  certain  know- 
ledge. It  is  easy  to  prove  that  manj-of  the  causes  which  have  been  assigned  for 
the  sensation  are  but  little,  if  at  all,  concerned  in  producing  it.  Thus  mere 
emptiness  of  the  »Storaach  cannot  occasion  it;  since,  if  the  previous  meal  have 
been  ample,  the  food  passes  from  its  cavity  some  time  before  the  unea.sy  feeling 
is  renewed ;  and  this  emptiness  may  continue  (in  certain  disordered  states  of  the 
system)  for  many  hours  or  even  days,  without  a  return  of  desire  for  food.  Bei^ides, 
the  stomach  may  be  filled  with  food,  and  yet  Hunger  may  be  intensely  felt  if,  from 
disease  of  the  pylorus  or  any  other  cause,  there  be  an  obstacle  to  the  po.ssago  of 
the  aliment  into  the  intestine,  and  to  the  completion  of  the  processes  of  cbylifi- 
cation  and  absorption,  so  that  the  system  needs  that  which  the  digestive  apparatus 
is  unable  to  provide  for  it.  Again,  the  sense  of  Hunger  cannot  be  due,  as  some 
bare  supposed,  to  the  action  of  the  gastric  fluid  upon  the  coats  of  tho  stomach 
themselves ;  since  this  fluid  is  not  poured  into  the  stomach,  except  when  its  pro- 
duction is  stimulated  by  the  irritation  of  the  secreting  frtllicles.  It  is  thought  by 
Br.  Beaumont,  that  the  disten.^ion  of  these  follicles  with  the  sccretod  fluid  is  the 
proxinmte  cause  of  hunger;  but  there  is  no  more  reapon  to  believe  that  the 
secretion  of  gastric  fluid  is  accumulated  during  the  intervals  when  it  is  not  re- 
quired, than  there  ia  in  regard  to  saliva,  the  lachrj'mal  fluid,  or  any  other  secre- 
tions, which  arc  occasionally  poured  out  in  large  quantitiee  under  the  influence 
of  a  particular  atimuluj}  and,  moreover,  it  '\&  difficult  to  imagine  how  mental 
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emotion,  or  any  Impression  on  the  nervous  Fptcm  alone  (which  is  able,  as  is  well 
ktiowD,  to  dissipate  the  kei-ueji-t  appetite  in  a  moment),  cnu  relieve  such  distcn- 
«on.  —  It  may.  perhaps,  be  a  i»ore  probuble  Bupposition,  that  there  is  a  certain 
condition  of  the  Capillary  circulation  in  the  Stomach,  which  is  preparatory  to  the 
^MRtioD,  and  which  ie  excited  by  the  influence  of  the  Sympathetic  nerves,  thai 
ianicat«  (as  it  were)  the  wants  of  the  funeral  system,  Thi»  condition  mny 
laily  imagined  to  be  the  proximate  cause  of  the  sensation  of  hunger,  by  net- 
ion  the  nervous  centres.'  When  food  is  introduced  into  the  stomach,  the  act 
iecretioD  is  directly  excited ;  the  capillary  vessels  are  gradually  unloaded ;  and 
the  immediate  catiseof  the  impression  on  the  nerTous  eyetem  is  withdmwn.'  By 
the  converBion  of  the  alimentary  matter  into  materials  fit  for  the  nutrition  of  the 
system,  the  remote  demand  al?o  is  satisfied;  and  thus  it  is  that  the  condition  of 
the  stomach  just  referred  to  is  pormanonlly  relieved  by  the  ingestion  of  substnnccs 
that  can  serve  as  food.  But  if  the  ingested  matter  be  not  of  a  kind  capable  of 
solution  and  as*imilotion,  or  the  digestive  apparatus  cannot  effect  its  preparation, 
the  feeling  of  hunger  is  only  tempurarily  relieved,  and  soon  returns  in  greater 
force  than  before. — The  theory  here  given  seems  reconcilahle  with  a!l  that  hns 
been  said  of  the  conditions  of  the  sense  of  Tlunger;  and  particularly  wi)h  what 
is  known  of  the  effect  produced  upon  it  by  nervous  impresfiions,  which  ha^ve  a 
peculiar  influence  upon  the  capillary  circulation.  It  also  corresponds  exactly  with 
what  we  know  of  the  influence  of  the  uervoua  system,  and  of  mentai  impressions, 
upon  other  secretions  (CHAP.  XV.), 

68.  The  sense  of  Hunger,  like  other  sensations,  may  not  bo  taken  cognizance 
of  by  the  Mind,  if  its  attention  be  strongly  directed  towards  other  objects;  of 
this  fiict,  almost  every  one  engaged  in  active  operations,  whether  m(«n tally  or 
lily,  is  occasionally  conscious.  The  nncluriKil  student,  who  takes  a  light  and 
ly  evening  meal,  and,  after  devoting  himself  to  his  pursuits  for  several  hours 
Uniuterruptedly,  retires  to  rest  with  a  wearied  bead  and  an  empty  stomach,  but 
without  the  least  sensation  of  hunger,  is  frequently  prevented  from  sleeping  by 
an  indescribable  feeling  of  restlessness  and  dfjickuri/ ;  and  the  introduction  of  a 
small  quantity  of  food  into  the  stomach  will  almost  instantancoui^ly  allay  this,  and 
procure  comfortable  rest.  3Iany  pi-rsons,  ngain,  who  desire  to  take  active  exerci.«ie 
before  breakfast,  are  prevented  from  doing  so  by  the  lassitude  and  even  faintness 
which  it  induces,  —  the  bodily  exercise  iucreasing  the  demand  for  food,  whilst  it 
draws  off  the  attention  from  the  sensation  of  hunger.* 

'  It  WBS  maintained  by  Brechet,  that  the  senses  of  Hunger  and  Satiety  are  annihilated 
ction  ef  th«  Pneumogaslrio  nerves;  which,  if  trae,  would  strongly  confirm  the  tiew 
,  the  immediate  source  of  these  senses  lies  in  the  contlition  of  the  Stontnch.  But  the 
irches  of  other  experimenters,  particularly  those  of  Dr.  John  Reid  ("  Edinb.  Med.  nnd 
Journ.,"  April,  18SB,  and  "Physiological,  Aaatomicnl,  ntid  Piitholoftical  Researches," 
fe84— 239),  do  not  confirm  this  view;  for  they  seem  to  show  that  after  the  imme<linte 
etfect  of  the  opemtion  has  subwided,  animals  take  food  vith  no  less  avidity  than  previously. 
It  appears,  however,  from  Dr.  Reid's  observations,  as  well  as  from  those  of  Valentin,  that 
the  8«ii8e  of  Satiety  is  more  dependent  upon  the  continuity  of  these  nerves,  than  is  that  of 
Hanger ;  for  animal*  on  whom  the  section  of  the  I'lieumogastric  has  been  performed,  do 
not  seem  to  know  when  they  have  had  enough,  but  continue  to  gorge  tbemselves  with  food 
long  after  the  stomach  has  been  adequately  filled. 

'  These  riews  seem  to  be  confirmed  by  the  observntions  of  M,  Bernard  on  the  condition 
of  the  gastric  follicles  during  the  intervals  of  thrir  functional  activity  (^  94). 

•  The  .Author  moy  be  excused  for  mentioning  tlie  following  circumstance,  which  some 
yearf  ago  occurred  to  himself:  and  which  seems  to  htm  a  good  illustration  of  the  principle, 
that  the  sense  of  hunger  orii/inate*  in  the  condition  of  the  general  system,  and  that  its 
maniffiiatian,  through  a  peculiar  action  in  the  stomach,  is  to  be  regarded  as  a  secondary 
phenomenon  —  adapted,  under  ordinary  circumstances,  to  arouse  the  mind  to  the  actions 
necessary  for  the  supply  of  the  phyjsioal  wants,  —  but  capable  of  heing  overlooked,  if  the 
attention  of  the  mind  lie  otherwise  directed.  Ho  was  walking  alone  thruugh  a  beautiful 
_|Motry,  and  with  mnch  to  occupy  his  mind ;  and,  having  expected  to  meet  with  some 
»rtunjty  of  obtaining  refreshment  on  his  road,  he  had  taken  no  food  since  hiM  break- 
This  expectation,  however,  was  not  fulfilled;  but,  as  he  felt  uo  hunger,  he  (liuught 
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69.  The  conditions  of  the  sense  of  Thirst  appear  to  be  very  analogous  to  those 
of  hunger.  This  sense  is  not  referred,  however,  to  the  Btoiuach,  but  to  the  fauceSi^ 
It  is  generally  considered  thiit  it  immediate!)'  results  from  an  impression  on  th«'< 
nerves  of  the  stouinch  ;  since,  if  liquids  are  introduced  into  the  stomach  through 
an  CDSopbopus-tube,  they  are  just  as  effectual  in  allaying  thirst  as  they  are  if  swal- 
lowed in  the  ordinary  manner.  It  may  be  doubted,  however,  whether  the  sense 
of  thirst  is  not  even  more  uiiniediately  conneetcd  with  the  state  of  the  general 
syptem,  tlian  that  of  hunger  j  for  the  immediate  relief  afforded  by  the  introduc- 
tion of  li(juid  into  the  stomach,  is  fully  aecounled  for  by  the  instantaneous  ab- 
ttorption  of  the  fluid  into  the  veins,  which  is  known  to  take  pliice  when  there  is 
a  demand  for  it,  not  only  from  Dr.  Beaumont's  observations,  but  from  many 
experiments  made  with  reftrcacc  to  this  particular  question.  This  demand  is 
ineroased  with  almost  equal  rapidity,  by  an  excess  in  the  amount  of  the  fluid 
excretions ;  and  it  may  be  satietied,  ur  at  least  alleviated,  without  the  intri>duction 
of  water  into  the  stomach,  this  having  been  one  of  the  results  observed  after  the 
use  of  Buline  injections  into  the  veins  iu  cases  of  Asiatic  Cholera,  as  well  ag  after 
immersion  in  a  warm  bath  iu  cases  of  extreme  dysphagin.  Thirst  may  also  be 
produced,  however,  by  the  impression  made  by  peculiar  kinds  of  food  or  drink 
upog  the  walls  of  the  alimentary  cjinal  ;  (bus  salted  or  highly -spiced  meat,  fer- 
mented liquors  when  too  little  diluted,  and  other  similarly  irritating  agents,  excite 
thirst;  tho  purpose  of  which  is  obviously  to  cause  ingestion  of  fluid,  by  which  they 
may  be  diluted. 

70.  The  results  of  on  entire  deficiency  of  Food,  or  of  its  supply  in  a  measure 
inadequate  for  the  wants  of  the  system,  constitute  the  phenomena  of  Ivanih'on 
or  Sfantition.  These  have  been  experimentally  studied  by  M.  Choiisat'  on  Birds 
and  Mammals;  and  the  information  thence  gained  lends  us  to  a  better  eompre- 
hcusion  of  what  is  (unfortunately)  too  frequently  exhibited  in  the  Iluman  sub- 
ject,—  The  following  were  the  general  symptoma  noted  by  ?L  Choesat.  The 
animals  usually  remain  calm  during  the  first  half  or  two-thirds  of  tbe  period; 
but  they  then  become  more  or  less  agitated ;  and  this  state  continues  as  long  as 
ibeir  temperature  remains  elevated.  On  the  last  day  of  life,  however,  whilst  tho 
temperature  rapidly  fulls,  this  ri'Stlessncss  ceases,  and  gives  place  to  a  8tat«  of 
stupor.  The  animjil,  when  set  at  liberty,  sometimcsi  looks  round  with  astonish- 
ment, without  attempting  to  fly  ;  and  sometimes  closes  the  eyes,  as  if  in  a  state 
of  sleep.  Graduiilly  the  extremities  become  onld,  and  tbe  limbs  so  weak  as  no 
longer  to  be  able  to  sustain  the  animal  iu  a  standing  posture;  it  falls  over  on  one 
side,  and  remains  in  any  position  iu  which  it  may  be  placed,  without  attempting 
to  move,  Tbe  respiration  betomes  slower  and  slower;  tbe  genera!  weakness  in- 
creases, and  the  insensibility  bocomes  mure  prnfouad ;  the  pupil  dilates;  and  life 
Itccomes  extinct,  Bometimea  in  a  calm  and  tranquil  manner,  sometimes  after  con- 
vulsive actions^  producing  opistbotonie  rigidity  of  the  budy.  After  the  first  day, 
iu  which  the  faeces  contain  the  residue  of  the  food  previously  taken,  their  amount 
is  very  small ;  and  they  seem  to  consist  principally  of  grass-green  biliary  matter. 
Towards  the  close  of  life,  they  contain  a  nuich  larger  quantity  of  water,  even 
when  none  has  been  iogested  by  the  animal ;  and  include  much  saline  matter  io 
addition  to  the  biliary. —  The  average  loss  of  weight  in  the  warm-blooded  animala 
experimented  on  by  M.  Chossat,  between  the  commencemient  of  the  period  of 

little  of  the  diamppoiutment.  It  was  ovening  before  he  approached  the  place  of  his  desti- 
nation, after  having  wnlked  about  twenty  miles,  resting  iTciiueotly  by  the  vpay ;  nn<l  he 
Ihen  began  to  feel  n  poculinr  lussitudo,  different  from  ordinary  fstigue,  wtiich  rapidly  in- 
creaved,  ao  thut  dm-in(i;  the  last  mile  lie  could  scarcely  support  bimeelf.  The  "etiiuulua 
uf  necessity,"  however,  kept  him  up^  but  on  arriving  at  his  temporary  home,  ho  imme- 
•liittely  fainted.  It  is  obvious  that,  in  this  cuse,  the  occupation  of  the  mind  on  the  objects 
uruund,  nod  on  its  own  tbouglit:),  liuit  prevented  the  umial  wiirning  of  hunger  from  being 
perceived;  nnd  the  effert  which  succeeded  wns  esnctly  Vihnt  was  to  be  anticipated,  from 
ihe  exhaustiuii  \>t  tlio  )<u|>ply  of  food  occasioned  by  the  itclivc  and  prolonged  exertion. 
'  •'  Recberches  ExixjriuienCales  »ar  t'lnanitton,"  Paris,  1843, 
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Inanition  and  it«  terraination  bj  death,  waa  40  p<»r  cent ;  "bat  he  raet  with  a 
considfrable  variation  in  the  extremes,  which  seemed  to  depend  chiefly  on  the 
amount  of  fat  preTiously  accumulated  in  the  bodj ;  those  animals  losing  most 
weight  in  which  the  tat  had  been  most  abundant,  which  were  also  those  that 
lived  the  longest.'  Taking  40  per  cent  as  tlie  ranBn,  M.  Chossat  obtained  the 
following  curious  reaults,  as  regards  the  relative  diminulion  of  the  several  tis.suea 
and  or^ns  of  the  bod}';  those  which  lo&t  more  than  the  mean,  being  distia- 
guished  from  those  which  lost  less. 


Parts  which  iMe  more  than  40  per  cent. 

Fat 93  3 

Mood 7&0 

Spleen 71-4 

Pancreas.... 641 

Liver 52  0 

Heart „ 44  8 

Intestines 42-4 

MuBclen  of  Locomotion.,... 42-3 


Farts  which  lose  tut  than  40  per  cent 

Muscular  coat  of  stomach SO-7 

Plior^nx  and  cesophagus „  84*8 

Skin 88*9 

Kidneys ..,..< 81-9 

Respiratory  apparatus 22-2 

Osseous  system.. ....r«.... 16-7 

Eyes 100 

Nervous  system « 1-9 


I 


The  points  most  worthy  of  note  in  the  above  table,  are  the  almost  complete 
removal  of  the  /at,  and  the  reduction  of  the  hhod  to  three-fourths  its  normal 
amount;  whilst  the  nervoug  sj/gfevi  underojoes  scarcely  any  loss.  It  would  seem, 
in  fact,  us  if  the  supervention  of  death  was  coincident  with  the  consumption  of 
all  the  disposable  combustive  niatenal ;  and  that  up  to  that  point,  the  whole  re- 
maining ener<iy  of  nuttition  is  concentrated  upon  the  nervous  system.  And  it 
will  be  shown  hereafter  (chap,  x,,  Sect.  2),  that  there  is  adequate  ground  for 
considering  death  by  starvafion  as  really  death  hy  eofd ;  since  the  temperature  of 
the  bi>dy  i*  maintained  with  liitle  diminution  unfil  ihe  fat  is  thus  consumed,  and 
then  rapidly  falls,  unless  it  be  kept  up  by  beat  externally  applied. —  As  might  bo 
expected  from  the  eompurottve  rapidity  of  interstitial  change  at  the  earlier  perioda 
of  life  (cnxp.  xviil.)>  it  was  found  by  Chossat  that  the  diurnal  loss  was  much 
the  most  rapid  in  young  animals,  and  that  the  duration  of  their  lives  when 
deprived  of  food  was  consequently  far  lesa  than  that  of  adults.  He  further 
wcertained  that  the  results  of  iH-swj/frt'wi^  alinieniAlion  were  in  the  end  the  same 
aa  those  of  entire  deprivation  of  food;  tbo  total  amount  of  loss  being  almost 
exactly  identical,  but  its  rate  being  less,  so  that  a  longer  time  was  required  to 
produce  it.  He  did  not  find  that  much  influence  was  exerted  on  the  duration 
of  life,  by  permitting  or  withdrawing  the  supply  of  water;  but  this  statement 
does  not  apply  to  Man,  in  whom  death  supervenes  much  earlier  when  liquid  as 
well  as  solid  aliment  is  withheld;  and  the  indifference  in  the  case  of  Birds  ia 
probably  due  to  the  fact  that  they  ordinarily  drink  very  sparingly,  and  eliminate 
very  little  water  in  their  various  excretions. 

71.  The  most  prominent  symptoms  of  Starvation,  as  they  have  been  noted  in 
the  Human  subject,  are  as  fuUows:  —  In  the  first  place,  severe  pain  in  the  epigas- 
trium, which  is  relieved  on  pressure;  this  subsides  after  a  day  or  two,  but  is  suc- 
ceeded by  a  feeling  of  weakness  and  'sinking'  in  the  same  region  ;  and  an  insa- 
tiable thirst  supervenes,  which,  if  water  be  withheld,  thenceforth  becomes  the 
most  distressing  symptom.  The  cnuntenaoce  becomes  pale  and  cadnveroua ;  the 
eyes  acr^uire  a  peculiar  wild  and  glist<!ning  stare;  and  general  emaciutioo  soon 
manifesta  itself.  The  body  then  exhales  a  peculiar  footorj.  and  the  skin  is  covered 
with  a  brownish,  dirty-looking,  and  offensive  secretion.  The  bodily  strength 
rapidly  declines;  the  sufferer  totters  in  walkings  his  voice  becomes  weak,  and  he 

'  There  is  a  well-known  case  of  a  fat  pig,  which  was  buried  in  its  sty  for  !60  days, 
untter  thirty  feet  of  the  chatk  of  Dover  cliff;  and  which  was  dug  out  alive  nt  the  end  of 
that  time,  reduced  in  weight  from  IGO  lbs.  to  40  lbs.,  or  no  less  than  75  per  cent 
("Trans,  of  Linn  Soc,"  toI.  xi.  p.  411).  The  extraordinary  prolongation  of  life  in 
this  case  may  be  attributed  to  the  retention  of  the  heat  of  the  body  by  the  noD-oonducting 
power  of  the  chalk ;  and  to  the  retetitiua  uf  its  moisture  by  the  isaturatiun  of  the  air  in  its 
imnediate  vicinity. 
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is  incnpalile  of  ihe  least  exertion.  The  mental  p>werf<  exhibit  a  similar  prostn* 
tion ;  at  first  there  ia  usually  a  state  of  stupidity,  which  gmduttlly  increnses 
iinbecility,  so  that  it  is  di£Gciilt  to  induce  the  sufferer  to  niuke  any  effort  for  hi| 
own  benefit ;  iind  on  this  a  state  of  maniacal  delirium  frec|ncntly  supervenes.  Lif 
terminates  either  ia  the  mode  descrihed  in  Chossat's  observations,  or,  as  occa- 
sionally hiippena,  in  a  convulsive  parosypni.'  —  On  post-mortem  examination,  the 
condition  of  the  body  is  found  to  be  such  as  the  results  of  Chossat's  obserratioog 
would  indiejste ;  namely,  extreme  general  emaciation  and  disappearance  of  fat, 
diminution  in  the  bulk  of  the  principal  viscera,  and  almost  complete  bloodlessness, 
gave  in  the  hmrn,  which  still  receives  its  usual  supply.  It  is  specially  worthy  of 
note,  that  the  coats  of  the  smaU  intestines  are  peculsiirly  thinned,  so  that  they  be- 
come almost  trausparent;  and  that  the  pall-bladder  is  almost  invariably  turgid 
with  bile,  the  cadaveric  exudation  of  which  tinf^cs  the  surrounding  parts.  And 
further,  the  body  rapidly  passes  into  decomposition. 

72.  Now  it  is  peculiarly  worthy  of  note,  that  the  deficient  supply  of  new  hi.«to- 
genetic  materials  appears  to  check  the  elimination  and  removal  of  those  which 
have  become  effete ;  for  in  no  other  way  can  we  account  for  that  tendency  to 
putrescence,  which  is  bo  remarkably  manifested  during  life  in  the  foetid  exhala- 
tion aud  in  the  peculiar  secretion  from  the  skin,  and  which  is  shown  after  death 
in  the  rapidity  with  which  putrefaction  supervenes.  Moreover,  towards  the  close 
of  many  eshausting  diseases,  the  fatal  termination  of  which  ia  really  due  to  a 
chronic  inanition,  it  frequently  happens  that  a  '  colliquative  diarrhoea'  comes  on, 
which  must  be  considered  as  a  manifestation  of  the  general  disintegration  that 
is  making  progress  even  during  life.  —  Now  referring  to  the  conditions  hereafter 
to  be  enumerated  (§  22^5),  as  those  which  favour  the  operation  of  zymotic  poisons 
in  the  body,  it  is  obvious  that  no  state  could  be  more  liable  to  it  than  this;  since 
we  have  not  merely  that  general  depression  of  the  vit^d  powers,  which  is  a  predis- 
po.sing  cause  of  almost  any  kind  of  niulady,  and  prc-eniincntly  bo  of  zymotic 
diseiii^cs ;  but  also  the  presence  of  a  large  amount  of  disintegrating  matter  in  the 
blood  and  general  pystem,  which  forms  the  most  favourable  nidus  possible  for  the 
reception  and  multiplication  of  such  poisons.  And  thus  it  happens  that  pestilcn- 
lial  di.«eases  most  certainly  follow  in  the  wake  of  a  famine,  and  carry  off  a  far 
greater  number  than  perish  from  actual  starvation. 

73.  Another  cta.'»s  of  phenomena,  however,  results  from  such  a  deficiency  of 
alimentation  as  is  not  adequate  to  produce  the  results  just  described ;  provided 
this  deficiency  he  prolonged  fur  a  considerable  length  of  time,  and  especially  if  it 
be  conjoined  with  other  unfavourable  conditions.  Of  this,  a  remarkable  example 
was  presented  at  the  Milbank  Penitentiary  in  1823.  The  prisoners  confined  in 
this  establishment,  who  hud  previously  received  an  allowance  of  from  31  to  33 
oz.  of  dry  nutriment  daily,  had  this  allowance  suddenly  reduced  to  21  oz.,  animal 
food  being  almost  entirely  excluded  from  the  diet  scale.  They  were  at  the  same 
time  subjected  to  a  low  grade  of  temperature,  and  to  considenible  exertioD ;  and 
were  confined  within  the  walls  of  a  prison  situated  in  the  midst  of  a  marsh  which 
is  below  tlic  level  of  the  adjoining  river.  The  prison  had  been  previously  con- 
sidered healthy;  but  in  the  course  of  a  few  months,  the  health  of  a  large  propor- 
tion of  the  inmates  began  to  give  way.  The  first  symptoms  were  loss  of  colour, 
and  diminution  of  flesh  and  strength;  subsequently  diurrhcea,  dysentery,  and 
scurvy ;  and  lastly  adynamic  fevers,  or  headache,  vertigo,  convul.'sions,  maniacal 
delirium,  apoplexy.  Sic.  The  smallest  loss  of  blood  produced  syncope,  which  was 
frequently  fatal :  and  after  death,  ulceration  of  the  mucous  lining  of  the  alimen- 
tary canal  was  very  commonly  found.  Out  of  860  prisoners,  no  fewer  than  437, 
or  52  per  cent,  were  thus  affected.  The  influence  of  concurrent  conditions,  espe- 
cially of  previous  confinement,  was  here  remarkably  shown  ;  for  tho.se  were  found 
to  be  most  liable  to  disease,  who  had  been  in  prison  the  longest.    That  the  reduc- 

•  See  Rositan  in  "Pictioo.  de  Mif-Jertinp."  art.  'Abstinence;'  and  l>r.  DonoTan's  account 
of  the  Iriah  famine  of  1847,  in  ttic  "  Dublin  Medical  Prcas,"  Feb.,  1848, 
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tion  of  the  allowance  of  food,  however,  was  the  main  soorcc  of  the  epidemic,  was 
proved  by  the  two  following  facts :  —  the  prisoners  employed  in  the  kitehon,  who 
had  8  OK.  of  bread  additional  per  d8V%  were  not  attacked,  except  three  who  had 
only  been  there  a  few  days :  and  after  llie  epidtniic  hud  spread  to  a  great  extent, 
it  was  foand  that  the  oddition  of  8  oz.  to  the  daily  allowance  of  veget«hle  food, 
and  4  OK.  to  the  animal,  greatly  facilitated  the  operation  of  the  remediog  which 
were  useil  for  the  restoration  of  health.'  —  Another  very  striking  example  of  the 
cfFecta  of  prolonged  insufficiency  of  diet,  has  been  fiiruisbed  by  the  '  Maison  Cen- 
trale'  of  Niraes;  which  is  a  large  Penitentiary  containing  an  averngc  of  1200 
prisoners.  The  mortality  in  this  prison,  between  the  years  1829  and  1847,  varied 
from  1  to  785  to  1  in  23-88,  the  average  being  1  in  12  70;  whilst  the  average 
mortality  among  the  inhabitants  of  the  town  of  Ninies,  of  the  same  age  and  sex, 
was  only  1  in  49-9;  bo  that  the  niortiility  among  the  prisoners  was  from  two  to 
st'x  times  us  great  as  that  among  the  townspeople,  the  iiverage  being  nearly  yc/wr 
times.  Several  causes  doubtless  coiieurred  to  produce  this  terrible  result;  bat 
whilst  over-crowding  and  deficient  ventilation  were  consfant,  deficiency  of  food, 
amount  of  labour  exacted,  and  depn^ssion  of  temperature  were  vnrinhlf ;  and  the 
Variations  in  the  amount  of  mortality  followed  these  last  so  uniformly,  that  there 
could  be  no  doubt  of  their  dependence  upon  them.' 

74.  It  is  a  curious  efect  of  insufficient  nutriment,  as  shown  by  the  inquiries 
of  Choasat  (Op.  cit,),  that  it  produces  an  incapability  of  digesting  even  the  small 
•mount  consumed.  He  found  that  when  turtle-doves  were  supplied  with  limited 
qoADtities  of  com,  but  with  water  at  discretion,  the  whole  amount  uf  food  taken 
was  scarcely  ever  actually  digested ;  a  part  of  it  being  rejected  by  vomiting,  or 
passing  off  by  diarrhoea,  or  accumulating  in  the  crop.  It  seems  as  if  the  vital 
powers  were  not  sufficient  to  furnish  the  requisite  supply  of  gastric  fluid,  when 
the  body  began  to  be  enfeebled  by  iusuffictent  nutrition;  or  perhaps  we  might 
well  say,  the  materials  of  the  gastric  fluid  were  wanting.  —  Jlence  the  loathing 
of  food,  which  is  often  manifested  by  those  who  have  been  subjected  to  the  ia- 
floeooe  of  an  insufficient  diet  scale  in  our  prisons  and  poor-houses,  and  which  has 
been  set  down  to  caprice  or  obstinac}*,  nod  punished  accordingly,  may  be  actually 
a  proof  of  the  deficiency  of  the  supply,  which  we  might  expect  to  have  been 
voraciously  devoured,  if  really  less  than  the  wants  of  the  system  require. 

75.  It  is  extremely  important  that  the  Medical  Practitioner  shtmld  be  aware, 
that  many  of  the  phenomena  atiove  described  may  be  induced  by  the  adoption  of 
»  system  of  too  rigid  abstinence  in  the  treatment  of  various  diseases;  and  that 
they  have  been  frequently  confounded  with  the  symptoms  of  the  malady  itself, 
Mnd  have  led  to  an  entirely  erroneous  method  of  treating  it.  "  Many  cases,"  says 
Ihr.  Copland,'  "  have  occurred  to  me  in  practice,  where  the  antiphlogistic  regi- 
men, which  had  been  too  rigidly  pursued,  was  itself  the  cause  of  the  very  symp- 
toms which  it  was  employed  to  remove.  Of  these  symptoms,  the  aflfeclion  of  the 
bead  and  delirium  are  the  most  remarkable,  and  the  most  readily  mistaken  far  an 
actual  disease  requiring  abstinence  for  its  removal."  —  The  experience  of  those 
especially,  who  arc  largely  engaged  in  consulting  prnctico,  must  Lave  furnitihed 
numerotis  illustrations  of  the  above  statement.  Dr.  Copland  mentions  the  fol- 
lowing.    "A  professional  man  had  been  seized  with  fever,  for  wbidi  a  too  rigid 

'loeooe  was  enforced,  not  only  during  its  continuance,  but  also  during  coo- 
•noe.  Delirium  had  been  present  at  the  height  of  the  fever,  and  recurred 
vheo  the  patient  was  convalescent.  A  physician  of  eminence  in  maniacal  c:ises 
was  called  to  him,  and  recommended  that'  ho  should  be  removed  to  a  private 
asrliun.     Before  this  was  carried  into  effect,  I  was  requested  to  see  him.     A  dif- 

'  See  Dr.  Latham  '-On  th«  Disensee  in  tlie  Milbanlc  Penitfotiary;"  1824. 
*See  attt  highly  iastructive  account  of  this  series  of  occurrence!),  by  M.  Boileau  CasteL 
aao.  chief  phjaician  to  the  ^Maieon  Ceatralc,'  in  "Aao.  d'llygiine  Publ ,"  Janv,,  1849. 
*  "Dictioonry  of  PrftcticAl  Medioine,"  voL  i.  p.  26. 
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ferenl  treatmeDt  and  roginien,  yrhh  a  gradual  iacreaso  of  Doarisbmefit,  vera 
adopted ;  and  be  was  well  in  a  few  tlajs,  aad  witliiu  a  fortnight  returDed  to  his 
professional  avocationB./' 

70.  The  titue  during  wLicli  life  can  be  supported  under  entire  abstinence  from 
food  or  drink,  is  usually  stated  to  vary  from  8  to  10  days ; '  the  period  may  be 
greatly  prolonged,  however,  by  the  oceusiutial  use  of  water,  and  still  more  by  a 
very  small  supply  of  food  :  or  even,  it  would  seem,  by  a  moist  condition  of  the 
surrounding  atmosphere,  which  obstructs  the  cihalation  of  liquid  from  the  body. 
Thus  Foder6  mentions  that  some  workmen  were  extricated  alive,  after  fonrtcen 
days'  confinement  in  a  cold  damp  vault,  in  which  tliey  had  been  buried  under  a 
ruin.  Dr.  Sloan  has  given  an  account'  of  the  case  of  a  healthy  man,  ast.  G5,  who 
was  found  alive  after  having  been  shut  up  in  a  coal-mine  for  twenty-three  days, 
during  the  first  ten  of  which  he  waa  able  to  procure  and  swallow  a  small  quantity 
of  foul  water;  he  wag  in  a  state  of  citreme  exhaustion,  and  died  three  days  after- 
wards, notwithstanding  the  attempts  mnde  to  recover  him.  —  It  would  seem  as  if 
certain  conditions  of  tbe  Nervous  system,  especially  those  attended  with  peculiar 
emotional  eieitemeat,  are  favourable  to  the  prolongation  of  life  under  such  cir- 
cumstances. Thus,  in  a  case  recorded  by  Dr.  Willan,  of  a  young  gentleman  who 
starved  himself  under  the  influence  of  a  religious  delusion,  life  was  prolonged  for 
60  days ;  during  the  whole  of  which  time,  nothing  else  was  taken  than  a  little 
orange-juice.  In  a  somewhat  similar  case  which  occurred  under  the  Author's 
Dotice,  in  the  person  of  a  young  French  lady,  more  than  15  days  elapsed  between 
che  time  that  she  ceased  to  eat  regularly,  and  the  time  of  her  being  compelled  to 
receive  nnurifihroeDt;  during  this  period  she  took  a  good  deal  of  exercise,  and 
tier  strength  seemed  to  suffer  but  little,  although  she  swallowed  solid  food  only 
once,  and  then  in  email  quantity.  Again,  in  certain  states  of  the  system  com- 
monly known  as  '  hysterical,'  there  is  fre(juently  a  very  remarkable  disposition 
for  abstinence,  and  power  of  sustaining  it.  In  a  case  of  this  kind  which  occurred 
under  the  Author's  own  observation,  a  young  lady,  who  had  just  before  suffered 
severely  from  the  tetanic  form  of  Hysteria,  was  unable  to  take  food  for  three 
weeks.  The  slightest  attempt  to  introduce  a  morsel  of  solid  matter  into  the 
stomach,  occasioned  violent  efforts  at  vomiting;  and  the  only  nourishment  taken 
during  the  period  mentioned,  was  a  cup  of  tea  once  or  twice  a  day;  and  on  many 
days  not  even  this  was  swallowed.  Yet  the  etrength  of  the  patient  rather  in- 
creased than  diminished  during  this  period ;  her  muscles  became  firmer,  and  her 
voice  more  powerful.  —  It  may  be  well  to  remark  that,  under  such  circumstances, 
the  continual  persuasions  of  anxious  friends  are  very  injurious  to  the  patient; 
whose  return-  to  her  usual  state  will  probably  take  place  the  earlier,  the  more 
completely  sho  is  Icfi  to  herself. 


3,  Mouementt  of  the  Alimentary  Canal. 

77.  The  motions  by  which  Food  ia  conveyed  to  the  Month  and  introduced  into 
its  cavity,  constituting  the  acta  of  I-'rehension  and  Ingestion,  are  ordinarily  con- 
sidered to  be  voluntary,  at  least  in  the  adult;  and  it  is  indub  table  that  the  Will 
has  entire  control  over  them.  Nevertheless,  they  belong  to  that  ciasa  of  '  second- 
arily automatic'  movements,  whose  character  has  been  already  noticed  (§  45); 
and,  like  the  movements  of  locomotion,  may  be  kept  up  when  the  will  is  in  abey- 
ance, by  the  suggesting  and  guiding  influence  of  sensations,  thus  being  performed 
under  the  same  essential  conditions  as  the  purely  '  consensual'  or  seuaori-motor' 

•  There  seems  adequnte  evidence,  that  a  state  which  may  be  cfaaractcmed  as  one  of  Syn- 
eopt,  —  tlie  animal  fuoctionB  boirtg  entirely  suspended,  bdJ  die  orgaiiio  functions  being 
reduced  to  an  eilrcmelj'  low  ebb,  —  maj  be  prolonged  for  many  days  or  even  weeks,  pro- 
vided Uie  temperature  oftlie  body  be  not  too  much  reduced.  Tliis  ciojia  of  facts,  however, 
will  be  more  appropritvlel^v  cnn^iilerrJ  hereafter  (obap.  xix.}. 

'  "Medical  Oajette,"  vol  xvii,  p.  389. 
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actions'  The  necessity  of  *  aiding  senwitions'  for  their  performance  is  made 
evident  by  one  of  Sir  C.  Bell's  exporiiiieiits,  the  wrong  iiiterpretatiyn  of  whosse 
results!  originally  led  him  to  an  erroneous  view  of  the  functions  of  the  Fifth  piir 
of  nerves.  He  found  that  an  Ass,  in  which  the  infra-orbital  branch  of  tLia 
nerre  hod  been  divided,  made  no  attempt  to  pick  up  oats  with  its  lip,  although 
the  animal  saw  them,  bent  down  its  head  with  the  obvious  purpose  of  ingesting 
ihejn,  and  brought  its  lip  into  absolute  contact  with  them;  hence  ho  concluded 
that  the  power  of  motion  waa  destroyed  in  the  lip,  when  it  was  in  reality  only  tire 
guUiinij  ^tnsatiun  that  was  deficient,  the  motor  power  being  supplied  by  the  Facial 
nerve  or  Portio  dura.  —  But,  although  the  movements  concerned  in  the  ingestion 
of  food  in  the  adult  require  the  co-operation  of  the  sensorial  centres,  this  ia  not 
the  case  with  the  act  of  suction  in  the  Infant,  which  may  be  considered  as  essen- 
tially a  retpiratoTi/  act,  and  which  ia  performed  not  merely  without  will,  but  even 
without  conscioumfSK.  The  experiments  provided  for  us  by  Nature,  in  the  pro- 
duction of  aoencephalous  monstrosities,  fully  prove  that  the  '  nervous  circle' 
whereby  the  lips  and  respiratory  organs  are  connected  with  the  Medulla  Oblon- 
gatA,  is  alone  sufficient  for  its  performance;  and  Mr.  Grainger  has  sulhi'iently 
established  the  same,  by  experimenting  upon  puppies  whoflo  brain  had  been  re- 
moved, lie  adds  that,  as  one  of  these  brainless  puppies  lay  on  iU  side,  eucking 
the  finger  which  was  presented  to  its  tips,  it  pushed  out  its  feet  in  the  same 
manner  as  young  pigs  exert  theirs  against  the  sow's  dugs.'  The  Human  Infant 
or  other  young  Mammal,  however,  performs  movements  which  are  of  a  higher 
character  than  this ;  going  in  search,  as  it  were,  of  the  source  of  its  nourishment, 
towards  which  it  seems  to  be  especially  guided  by  the  sense  of  Smell.  Such 
movements  are  probably  to  be  eonsidered  as  *  consensual,'  and  aa  deriving  their 
first  stimulus  from  the  internal  feelings  of  hunger,  whilst  their  direction  is  given 
by  the  guiding  8en.sation  which  indicates  the  situation  of  the  appropriate  aliment. 
That  no  such  actions  are  called  into  play  by  the  same  stimuli,  after  the  expiration 
of  the  period  during  which  the  young  Mantmul  ia  dependent  upon  its  materniJ 
parent  for  its  nourishment,  seems  to  indicate  that  the  reactive  power  of  the  ner- 
vous centres  to  which  they  are  due  is  only  temporary,  and  that  it  ceases  with  the 
need  foi  its  exercise ;  the  child  groxcing  out  (so  to  Bpeak)  of  this  automatic  power, 
whilst  it  grovct  into  many  new  ones, — those  especially  which  are  connected  with 
the  generative  function. 

78.  The  food  thus  introduced  into  the  mouth  ia  subjected  (unless  it  be  already 
in  a  state  which  needs  no  further  reduction)  to  the  process  of  3Iastic.ation.  This 
is  evidently  an  operation  of  great  importance,  in  preparing  the  Hubstancea  to  be 
afterwards  operated  on,  for  the  action  of  their  solvent ;  and  it  exactly  corresponds 
with  the  trituration  to  which  the  Chemist  would  submit  any  solid  matter,  that  he 
might  present  it  in  the  most  advantsigeous  form  to  a  digestive  menstruum.  The 
complete  disintegration  of  the  alimentary  matter  is,  therefore,  of  great  oonse- 

'  This,  the  Author  tliinka,  will  be  conformable  to  the  experience  of  most  of  hia  readers ; 
vho  will  find,  if  they  analjie  their  own  conscioosness,  that  thej  continue  to  eat  while  their 
whole  attmtion  ia  given  to  some  abstract  train  of  thought,  or  to  some  external  object.  But 
a  remarkable  case  will  be  cited  hereafter  (cuap.  xi..  Sect,  tl),  which  fully  canfirms  the 
vifw  here  adxanced ;  the  movements,  not  merely  of  the  lips  and  jaws,  but  those  by  which 
food  wa«  conveyed  to  the  mouth,  liaviitg  been  carried  on  aulomatieally,  when  once  (so  to 
speak)  the  spring  waa  touched  by  which  they  were  set  in  action. 

'  "  OhserrationB  on  the  Structure  and  Functions  of  the  Spinal  Cord,"  pp.  80,  81.-- 
The  actions  of  the  mammary  fcetus  of  the  Kangaroo,  described  by  Mr.  Morgan,  furnish  a 
very  intaresting  exemplification  of  the  same  function  of  the  Spinal  Cord ;  this  creature, 
rcs*mbling  an  earth-worm  in  appearance,  and  only  about  fourteen  lines  in  length,  with  n 
brain  oorresponding  in  degree  of  development  to  that  of  a  human  fictus  of  the  ninth  week, 
•XMUtW  regular,  but  slow,  movements  of  reHpirntion,  adheres  ttrmly  to  the  point  of  tho 
aipplc,  and  movea  its  limbs  when  disturbed.  The  milk  ia  forced  into  the  {xsophagua  by 
a  eompressor  maselc,  with  which  the  mamma  of  the  parent  is  provided.  "  Can  it  ha 
iiaagincd."  rery  justly  asks  Mr  Grainger,  "that  in  this  case  there  are  sensation  aud 
viiUtioB.  in  what  can  be  proved  anatomically  to  bo  a  fuutus !" 
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'pence ;    and,  if  imperfectly  effected,  the  subsequent   proceascs  are  liable  to 
Jenogement.      Saoh   derangemeDt   we   eontiaually   lueet  with ;    for  there  ii 

[Fio.  11. 

^  ""jp 


'nrSr^ 


«f  lit  Ot^m  of  DijfMtiofi,  nju'iieJ  in  nearly  tlieir  whute  length  ;  a  portion  of 
n  lk««  Uwn  Mmnved  on  •ccount  of  want  of  space  in  tlie  figure  ;  the  arruwi 
\«»>«\>  »r  (iiVi^Unoet  along  the  canal :  1,  the  upper  lip,  turned  off  the  rnoutb ; 
\  ih«»  U»wor  Up,  turned  down;  4,  its  frtenum;  fi,  5,  iDside  of  the  ohcckB, 
.~  1tM«ug  iMvitilitano  of  tbe  mouth ;  6,  point*  to  tfae  opening  of  Iho  duct  of 
.   >4  Uii'  iHi>uth  j  S,  lateral  bttlf-ftrches ;  0,  points  to  the  tonsil;  10,  return 
JMi  \K  •w'^'^  "f  t*"'  tongue;  12,  popillcc  near  ita  pciot;  13,  a  pardon  wf 
»^  %Wv  t«*«>)vhftKU«  !  15,  itjf  internal  Burfuco;  16.  in  aide  of  ihp  gtonmch;  17, 
«l  eul-do-fBCj  IS,  its  losscr  extrcmitT  or  siuall«r  cu]-dc-«ao; 
'.  lu  UMRler  curvature  ;  21,  the  cardiac  orifice;  22,  tlte  pyloric 
•I  duodenum;  24,  25,  the  remainder  of  tho  duodenaoi ;  26,  il« 
'»»  K*ll. bladder ;  2S,  the  cyilie  duct;  2fl,  divinion  of  hcpatio 
^',  v^lM»  duct  i  HI,  ductus  rommaiiiR  choledocliuf  ;  32,  it«  opening" 
^  .h»k>lM*  WiT«uii^ii,  or  pnni-reatic  duct;  34,  its  opening:  into  the  duo- 
■  III;  .tfl.  the  ileum ;  St7,  some  of  tbo  valvule}  conniventei ; 
it.  iteo-colic  valve;  40,41,  coecom,  or  caput  eoli ;  42, 
lulinx  ct>tun  ;  4b,  tranaverae  eolon  ;  41.  iT,  dc!<>rcnd- 
c'oIkd  ;  49.  upper  portion  of  tfae  rectum;  50,  itf 
-.iM>4«    1  ">»  'ftAli^r-aiit  tuusde;  52,  the  aunt.] 
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not,  pcrLaps,  a  more  frequent  source  of  Dyspepsia  than  imperfect  mastication, 
whether  rt-sulting  from  the  haste  with  which  the  food  is  swallowed,  or  from  the 
vaiit  of  the  instrumeDts  proper  for  the  reducing  operation.  The  uiechauical 
diantegratioD  of  the  food  is  manifestly  aided  by  Insnlivation ;  but  the  admixture 
of  Saliva  also  exerts,  as  we  shut!  hereafter  see  (§  93),  a  very  marked  influence  on 
the  chemical  composition  of  certain  of  its  constituents. —  The  movcmcnla  of  Mas- 
tication, still  more  than  those  already  adverted  to,  although  under  the  complete 
eontrol  of  the  Will,  and  origiually  dependent  upon  it  for  their  excitation,  come 
at  last  to  be  of  so  habitual  a  character  that  they  continue  when  the  direct  influ- 
ence of  the  will  18  withdrawn,  the  influence  of  the  *  guiding  sensation,'  however, 
being  essential  to  their  performaincc.'  Every  one  ia  conscious  that  the  act  of 
mastication  may  be  performed  as  well  when  the  mind  is  attentively  dwelling  on 
some  other  objeot^  as  when  directed  to  it;  but^  iu  the  former  case,  we  are  ratber 

[Fia.  12. 


A  irlew  of  the  Muicles  of  the  Tongue,  PnlBte,  Larjnx  and  Pharynx  —  aa  well  as  the 
pbiitioD  of  the  upper  portion  of  the  (E^aphni^ui,  as  iliown  hy  n.  verlienj  HCtion  of  the 
head:  1,  1,  the  vertical  »ectiun  of  the  hend;  2,  putuU  lo  the  EpiDol  canal;  3,  «ectioii  of 
the  bard  palate;  4,  inferior  »poii|;y  bnot*;  b,  middle  tpongy  bone,*  A,  orifice  of  tho  right 
nostril ;  7,  nection  of  the  inferior  ninxilla  ;  8,  section  of  the  os  hyoidca  r  0,  leciion  of  iho 
•pij^lottis;  10,  »«ction  of  the  cricoid  cartilnfco;  11,  the  trachea,  covered  by  it*  lining 

nemhraoe;  12,  section  of  iternutn ;  13,  inside  of  the  upper  portion  of  the  thorax;  14, 

raio-byogloMTui  muscle;  15,  its  origin  ;  16,  17,  the  fan-like  expansion  of  the  fibres  of 
this  muscle;  IS,  sopcrficialis  linguK  mascte;  19,  verticaUs  lingusB  niDsrle;  20,  genio. 
hyoidens  mniclo ;  21,  mylo-hyoidens  muscle;  22,  anterior  belly  of  dignatrtcus;  2.3,  fea- 
tion  of  platysDia  myuidee ;  24,  lerator  raenti:  25,  orbicutann  oris;  2G,  oriSre  of  Eusta- 
chian tube:  27,  lerator  palati ;  28,  internal  pti^'rygoid ;  29,  section  of  velum  pendulum 
palali,  and  htjgot  arals  muscle;  30,  stylo-pharyngeus;  31,  constrictor  pharyngie  supe- 
rior ;  32,  constrictor  phnryngis  medius ;  33,  inscrlinn  "f  stylo- pharyngous ;  34,  constrictor 
rjpbaryngis  inferior ;  35,  36,  37,  muscultur  coat  of  oesophagus ;  38,  thyreo-aryienoid  musclo 

id  ligMnnts,  and  aIm^tc  is  the  rootricle  of  Oaten;  89,  section  of  arytenoid  cartilage; 

9,  bard«r  of  itArno-hyoideus.] 

•  Thos.  fn  the  cnrious  case  formerlv  referred  to  (p.  60,  note),  food  can  only  be  adtninia* 
tered  by  carrying  buck  the  spoon  containing  it,  until  it  touches  the  fauces  and  thus  excUea 
•n  act  of  UcglutitioD.  Sensation  bcio^  here  emirelv  deficient,  there  ia  notbijig  to  excite  or 
to  guide  tlie  moveiuenta  of  the  iuu»cles  of  the  moutli  aud  tongue. 
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apt  to  go  on  chewing  and  rechcwing  what  is  alrear^y  fit  to  be  swallowed,  simply 
hecuuse  the  will  does  not  exert  itsoff  to  check  the  action,  and  to  carry  the  TikkI 
backwards  within  the  reach  of  the  muscles  of  deglutition.  This  convejaoce  of 
food  backwards  to  the  fauces  is  a  digtinctly  voluntary  act ;  and  it  is  necessary 
that  it  should  be  puided  by  the  sensation,  which  there  results  from  the  contact  it 
induces.  If  the  surface  of  the  pharynx  were  as  destitute  of  sensation  as  is  the 
lower  part  of  the  oesophagus,  we  should  not  know  when  we  had  done  what  was 
necessary  to  excite  its  muscles  to  operation. — The  muscles  concerned  in  the  Mas- 
tication of  food  are  nearly  all  supplied  by  the  third  branch  of  the  Fifth  pair,  a 
large  proportion  of  which  is  well  known  to  have  a  motor  character.  Many  of 
these  muscles,  especially  those  of  the  cheeks,  are  also  supplied  by  the  Facial 
nerve ;  and  yet,  if  the  former  be  paralyzed,  the  latter  cannot  stimulate  them  to 
the  neoeesary  combined  actions.  Hence  we  see  that  the  movements  are  of  an 
associated  character,  their  due  performance  being  dependent  on  the  part  of  the 
nervous  centres,  from  which  the  motor  influence  originates.'  If  tLe  Fifth  pair, 
OQ  the  other  hand,  bo  uninjured,  whilst  the  Portio  Uura  is  paralyzed,  the  move- 
ments of  Maeticalion  are  performed  without  difficulty;  whilst  those  connected  in 
nay  way  with  the  Kespiratory  function,  or  wilb  Expression,  are  paralyzed.  K, 
again,  the  sensory  portion  of  the  Fifth  pair  be  paralyzed,  the  act  of  Mastication 
ia  very  imperfectly  performed,  even  though  the  motor  power  he  not  in  the  least 
impjiired ;  for  the  muscles  cannot  be  made  to  perform  the  requisite  associated 
movements  without  the  guidance  of  aenpation?  ;  so  that  the  morsel  lodges  between 
the  teeth  and  the  cheek,  or  beneath  the  tongue,  and  can  with  difficulty  be  kept 
in  the  appropriate  pofiition  (Fig.  12). 

79.  When  the  reduction  of  the  food  in  the  mouth  has  been  sufficiently  aeconi* 
plished,  it  is  carried  into  the  Pharyn:!:,  and  is  tbenco  propelled  down  the  cbso- 
phagus  into  ibe  stomach,  by  a  set  of  associated  movements,  which,  taken  together, 
eoDi'titutc  the  act  of  Dcgluiiiwn,  These  movements  were  first  described  iu  deUiil 
by  Magendie  ;  but  his  account  requires  some  modification,  through  the  more  recent 
observations  of  Bzondi.* — The_/rr«(  stage  in  the  process  is  the  carrying-back  of 
the  food,  until  it  has  passed  the  anterior  palatine  arch ;  this,  which  is  effected  by 
the  approximation  of  the  tongue  and  the  palate,  is  a  purely  voluntary  movement. 
In  the  accovtl  stage,  the  tongue  is  carried  still  further  backwards,  and  the  larynx 
is  drawn  forwards  under  its  root,  so  that  the  epiglottis  is  pressed  down  over  the 
rima  gloLlidis.  The  muscles  of  tlie  anterior  palatine  arch  contract  after  the  morsel 
has  passed  it,  and  assist  its  passage  back  wards  j  these,  with  the  tongue,  completely 
cut  off  the  communication  between  the  fauces  and  the  mouth.  At  the  same  time 
the  muscles  of  the  posterior  palatine  arch  contract  in  such  a  manner,  as  to  cause 
the  sides  of  the  arch  to  approach  each  other  like  a  pair  of  curtains,  so  that  the 
passage  from  the  fauces  into  the  posterior  nares  is  nearly  closed  by  them ;  and  to 
the  cleft  between  the  approximated  sides,  the  u\'ulu  is  applied  like  a  valve.  A 
sort  of  inclined  plane,  directed  obliquely  downwards  and  backwards,  is  thus 
formed  J  and  the  morsel  slides  along  it  into  the  pharynx,  which  is  brought-up  to 

'  Comparative  Anatotnj  fumiahes  the  key  to  llicse  phenonjcna,  which  aeera  at  first  sight 
to  "be  aonicwhat  strange. —  Among  Iiiverteliriito  aiiitiinla  genprally,  the  Resiiirntory  orgwits 
lire  completely  atK'ooiiected  with  the  ainuth  ;  aod  a  Tery  distinct  set  of  muncles  is  provitlfd 
to  keep  them  in  action.  These  rn uncles  Imve  separate  pBugHti  as  the  centres  of  their  «p«- 
rationa;  and  those  panglia  nre  onlj  connected  iodirectty  with  those  of  the  fiensori-motor 
vystem.  Tbe  same  ia  the  case,  in  regurtl  to  the  introduction  of  the  food  into  the  dtgi'stive 
nppftratus.  The  muscles  coocerncd  in  this  operation  have  their  own  centres, —  the  Stumato- 
|;a«tric  and  I'harjngeali  gauglia,  —  which  are  not  very  closely  coanected,  either  with  the 
cephalic,  or  with  the  reBpinilory,  or  with  those  of  g«oeriil  locomotion.  Kow  ia  the  Verte- 
1>ratA,  the  dietiuct  orgaaH  have  been  bo  far  blended  together,  tliiit  the  sauio  musclefi  eervb 
the  purposes  of  both-  but  the  different  sets  of  movements  of  these  niuscles  are  excited  by 
different  nervea;  and  the  effect  of  division  of  cither  nerve,  is  to  throw  the  muccle  out  tf 
coQuoction  with  the  function  to  which  Ihut  nerve  previously  rcndiTed  it  Bubscrvient, — nt 
inacb  as  if  tbe  muBclo  were  Boparated  from  tlnj  nervous  system  altogether. 

•See  Prof.  Miillcr's  "  Elements  of  Physiolog;)"  (translated  by  Dr.  Buly),  p.  501. 
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.re«elve  it.     Some  of  those  :icta  may  be  performed  voluntarily;  but  the  combina- 
tion of  the  whole  is  autoaiatic.     The  thinl  suige  of  the  process,  tho  propulsion 


of  the  food  down  tho  oesopbapus,  tbt 


This 


:oiiipli.shed,  in  the 


commenc 
upper  part,  by  means  of  the  constrictors  of  the  pharynx;  and  in  the  lower,  by 
the  muscular  coat  of  the  oesophagus  itself.  When  the  morsels  are  small,  and  are 
mixed  with  much  fluid,  the  undulating  movements  from  above  downwards  suc- 
ceed each  other  very  rapidly,  as  may  be  well  observed  in  Ilorsea  whilst  drinking; 
large  morsela,  however,  are  frequently  snme  time  in.  making  their  wny  down, 
flach  portion  of  food  and  drink  is  included  in  the  contractile  walls,  which  are 
oloecly  applied  to  it  during  the  whole  of  ita  transit.  The  gurgling  sound,  which 
is  observed  when  drink  is  poured  down  the  throat  of  a  person  in  articuh  mortis, 
is  due  to  the  want  of  this  contraction.  The  whole  of  the  third  stage  is  com- 
pletely involuntary. —  At  the  point  where  the  ocMjphagus  enters  the  stomach,  tho 
•  cardiac  orifice '  of  the  latter,  there  is  a  sort  of  sphincter,  which  is  usually  closed, 
but  which  opens  when  sufBcient  pressure  is  made  on  it  by  accumulated  food, 
closing  again  when  this  has  pasj^cd,  so  as  to  retain  it  in  the  stomach. 

80,  The  purely  automatic  nature  of  the  act  of  Deglutition  is  shown  by  the 

I  fact,  that  no  attempt  on  our  own  part  will  succeed  in  performing  it  really  volun- 
tarily. In  order  to  excite  it,  we  must  apply  some  stimulus  to  the  fauces.  A  very 
small  particle  of  solid  matter,  or  a  little  fluid  (saliva,  for  instance),  or  the  contact 
of  the  back  of  the  tongue  itself,  will  be  sufficient;  but  without  either  of  these, 
jr<  cannot  swallow  at  will.  Nor  can  we  restrain  the  tendency,  when  it  is  thus 
«xcited  by  a  stimulus;  everyone  knows  how  irresistible  it  is,  when  (he  fauces 
iiB  touched  in  any  unusual  manner;  and  it  is  equally  beyond  the  direct  control 
gf  the  will,  in  the  ordinary  process  of  eating, —  voluntary  as  we  commonly  regard 
this.  Moreover,  this  action  ia  performed,  like  that  of  respiration,  when  the 
power  of  the  will  is  suspended,  as  in  profound  sleep,  or  in  apoplexy  affecting  only 

I  the  brain;  and  it  docs  not  seem  to  be  at  all  affected  by  the  entire  removal  of  tlie 
brain,  in  an  animal  that  cun  sustain  the  shock  of  the  operation;  being  readily 
excitable,  on  stimulating  the  fauces,  so  long  as  tlie  nervous  structure  retains  its 
functions.  This  has  been  expcriuientiiUy  proved  by  Dr.  M.  Hall;  and  it  har- 
moaiSM  with  the  natural  experiment  sometimes  brought  under  our  notice  in  the 
case  of  an  anenccphatous  infant,  in  which  the  power  of  swallowing  seems  as 
vigorous  as  in  the  perfect  one.  But,  if  tbe  'nervous  circle'  be  destroyed,  either 
by  division  of  the  trunks,  or  by  injury  of  any  kind  to  the  portion  of  the  nervous 
centres  connected  with  them,  the  action  can  no  longer  be  performed ;  and  thus 
we  ace  that  when  the  effects  of  apoplexy  are  extending  themselves  from  the  bmin 
to  the  spinal  cord,  whilst  the  respiration  becomes  stertorous,  tbe  power  of  Deglu- 

ItitioD  b  lost,  and  then  respiration  also  speedily  ceases. 
81.  Our  knowledge  of  the  nerves  spccialiy  concerned  in  this  notion  is  princi- 
jially  due  to  the  very  careful  and  well-conducted  experiracnis-of  Dr.  .T.  Reid.'  — 
The  di&^b>;tioQ  of  the  Glosso-pharyngeal  evidently  poiuts  it  out  A9  in  some  way 
coDPectAd  with  it;  but  this,  when  carefully  examiued,  discloses  the  important  fact, 
that  tbe  nerve  scarcely  sends  any  of  its  branches  to  tbe  muscles  which  they  enter, 
theee  moetlj  passing  through  them,  to  be  distributed  to  the  superjacent  muvout 
turfac€  of  tbe  tongue  and  fauces.  Further,  when  tho  trunk  is  separated  from 
the  nervous  centres,  irritation  pro<Juce3  scarcely  any  muscular  movements.    Uence 

tit  is  not  in  any  great  degree  an  'efferent'  or  motor  nerve;  and  its  di&tnbutioa 
would  lead  us  to  suppose  its  chief  functioua  to-lvc  *  afferent;'  namely,  the  convey- 
ance of  impressions  from  the  surface  of  the  fauoea  to  the  Medulla  Oblougaui, 
This  inference  is  fully  confirmed  by  the  fact  that,  so  long  as  its  trunk  is  in  con- 

Iaectiun  with  the  centre,  and  the  other  parts  are  uninjured,  pinching,  or  other 
aevere  irritation  of  the  GloBso-pharyngeal,  will  often  excite  distinct  aetjj  of  deglu- 
tition. Such  irritation,  however,  may  exctte  tmly  eonvulsivo  twitches,  instead  of 
'  ••  Ediiib.  Med.  and  Surg.  J»»Mni."  vol  iLlx  ■  aud  '*  PLjsiological,  Anatomical,  and 
Fathological  Beaoarcbes,"  cua?.  nr. 
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the  regular  movementg  of  swallowing;  and  it  is  evident  that,  here  as  elsewhere, 
the  impressions  made  upon  the  extremities  of  the  nerves  are  much  more  powerful 
eicitors  of  reflux  movenjetit,  than  are  those  made  upon  the  trunk,  though  the 
latter  are  more  productive  of  piiin.  It  wus  further  observed  by  Dr.  Reid,  (hat 
this  ciFt'ct  was  produced  bj  pinchinfj  the  pharjOffCul  branches  only ;  Bo  irritalion 
of  the  Hnpual  division  being  effectual  to  the  purfM)?e. —  If,  then,  the  niuaclfS  of 
deplutitioa  be  not  imraedialely  stimulated  to  contraction  by  the  glosso-pharyngeal 
nerve,  it  remains  to  be  inquired,  by  what  nerve  the  motor  influence  is  conveyed 
to  them  from  the  Medulla  Oblongata ;  and  Dr.  Reid  was  equally  successful  in 
proving,  that  this  function  is  chiefly  performed  by  the  fiharyngeul  branches  of  the 
I'ueuraogagtric.  Anatomical  examination  of  their  distribution  shows,  that  they 
lose  themselves  in  the  muscles  of  the  pharynx;  and  whilst  no  decided  indicatioua 
of  suffering  can  be  produced  by  irritating  them,  evident  contractions  are  occa- 
sioned, when  the  trunk,  separated  from  the  brain,  is  pinched  or  otherwise  stimu- 
lated.— It  appears,  however,  that  neither  is  the  Glosso- pharyngeal  the  solu  exciter 
nerve,  nor  are  the  pharyngeal  branches  of  the  Pneumogastric  the  sole  motor 
nerves,  concenied  in  deglutition ;  for  after  the  former  has  been  perfectly  divided 
on  each  side,  the  usual  movements  can  still  be  excited,  though  with  less  energy; 
and,  after  the  latter  have  been  cut,  the  aniniul  retains  the  means  of  forcing  small 
morsels  through  the  pharynx,  by  the  actiou  of  the  muscles  of  the  tongue  and 
nock.  From  a  careful  examiDation  of  the  actions  of  deglutition,  and  of  the  in- 
fluence of  various  nerves  upon  them,  Dr.  Reid  drew  the  following  conclusions:  — 
The  excUor  impressiom  are  conveyed  to  the  Medulla  Oblongata  chiefly  through 
the  G!os80-pha.ryng(-'al,  but  also  along  the  branches  of  the  Fifth  pair  distributed 
U[)0D  the  fauces,  and  probably  along  the  superior  laryngeal  branches  of  the  I'ueu- 
mngastrJc  diatribulcd  upon  the  pharynx.  The  motor  itijtuence  passes  chiefly  along 
the  pharyngeal  branches  of  the  Ptjeuuiogastric;  along  the  branches  of  the  Hypo- 
gh>&sul,  distributed  to  the  muscles  of  the  tongue,  and  to  the  sterno-byoid,  sterno- 
thyroid, and  ihyro-hyoid  muscles;  along  the  motor  fikments  of  the  Recurrent 
laryngeals;  along  some  of  the  branches  of  the  Fifth,  supplying  the  elevator 
miiscles  of  the  lower  jaw;  along  the  braaohes  of  the  Facial,  ramifying  upon  the 
digastric  and  stylo-hyoid  muscles  and  upon  thoii^e  of  the  lower  part  of  the  face; 
end  probably  along  some  of  the  branches  of  the  Cervical  plexus,  which  unite 
themselves  to  the  dcscendens  noni.  It  was  further  observed  by  Dr.  Reid,  that 
the  stylo-pharyngeus  mu.scle  is  usually  thrown  into  contraction,  when  the  roots 
of  the  glosso-pharyngeal  nerv'e  are  irritated;  and  as  this  has  been  also  noticed  by 
Mayo,  Volkuiauu,  and  others,  we  are  probably  to  consider  the  Glosso-pharyngeal 
as  a  motor  nerve,  in  so  far  as  that  muscle  is  concerned.' 

82.  When  the  food  has  been  propelled  downwards  by  the  Pharyngeal  muscles, 
80  far  as  their  action  extends,  its  further  progress  through  the  (E.'iojJitif/us  is 
effected  by  a  kind  of  peristaltic  contraction  of  the  muscular  coat  of  the  tube 
itself.  This  movement  is  not,  however,  due  onftf  to  the  direct  stimulus  of  the 
muscular  fibre  by  the  pressure  of  the  food,  as  it  seems  to  be  in  the  lower  part  of 
the  alimentary  canal ;  for  Dr.  J.  Reid  has  found,  by  repeated  experiment,  that 
the  continuity  of  the  o?sophagcal  branches  of  the  Pueumogastric  with  the  -Me- 
dulla Oblongata,  is  necessary  for  the  rapid  propulsion  of  the  ftxid ;  so  that  it  can 
scarcely  be  doubted,  that  an  impression  made  upon  the  mucous  surface  of  the 
oesophagus^  conveyed  by  the  afferent  fibres  of  these  nerves  to  their  ganglionic 
centre,  and  reflected  downwards  along  the  motor  fibres,  is  the  re:tl  cause  of  the 
muscular  contraction.  If  the  rneumogastric  be  divided  in  the  rabbit,  on  each 
side,  above  the  oesophageal  plexus,  but  below  the  pharyngeal  branches,  and  the 
animal  be  then  fed,  it  is  found  that  the  food  is  delayed  in  the  a3Mphagus,  which 
becomes  greatly  distended.     Further,  if  the  lower  extremity  of  the  Pncumogas- 

'  Op.  Cit.,  pp.  2/>&-2()0. —  It  eeems  not  improbable  that  the  discrepaut  resulta  obt-nined 
by  difforenl  experiinentcra  oq  this  point,  are  partly  to  bo  expliiiued  by  difffreuceis  in  tbe 
juti-ibutioQ  of  the  nerves  iu  the  several  speoics  ut  nuiinaU  operated-on. 
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trio  be  irritated,  distinct  contractions  are  seen  in  the  oesophageal  tubo,  procoeding 
from  above  dowuwivrds,  und  extending  over  the  cardiac  extremity  of  the  stomach. 
— ^Wo  have  here,  then,  a  distioct  case  of  rcjhz  action  without  aensalion^  occor- 
ring  as  one  of  the  rejular  associated  movements  in  the  natunil  coiiditioa  of  the 
animal  body;  and  it  is  very  interesting  to  find  this  following-upon  a  reflex  action 
teith  sensation  (that  of  the  pharynx"),  and  preceding  a  luoveuieut  which  ia  altojre- 
ther  unconnected  with  the  *Spinal  Cord  (that  of  the  lower  part  of  the  aliiucntnry 
canal).  The  use  of  sensiation  in  the  former  ease  has  btea  already  shown  (§  78). 
The  muscular  fibres  of  the  CEaophagus  are  a/»ft  eicilable,  though  usually  in  a  less 
degree,  by  diret:t  stimulation ;  fW  it  appears  that,  in  some  animals  (the  Dog,  for 
example),  section  of  the  pncuuiogagtric  does  not  produce  that  check  to  the  pro- 
pulsion of  the  food,  which  it  occasions  in  the  Rabbit  j  and  even  in  the  liabbit,  as 
Dr.  M.  Hall  has  remarked,'  the  simple  contractility  of  the  muscular  fibre  occa- 
sions a  distinct  peristaltic  movement  along  the  tube,  after  its  nerves  have  been 
divided  ;  causing  it  to  discharge  it»  contents  when  cut  across.  Such  a  movement, 
indeed,  seems  to  take  place  in  something  of  a  rhythmical  manner  (that  is,  at  short 
and  tolerably -regular  intervals,)  whilst  a  meal  is  being  swallowed ;  but  as  the  sto- 
mach becomes  full,  the  intervwls  are  longer,  and  the  wuvc-like  contractions  lesa 
frequent. — That  the  actJbn  of  the  Cardiac  sphincter  is  reflex,  and  is  dependent 
upon  the  'nervous  circle'  furnished  by  the  Fneumngastric  nerves  and  their  gan- 
glionic centres,  would  appear  from  the  fiict,  that  when  the  trunks  of  these  nerves 
are  divided,  the  sphiucter  no  longer  contracts,  and  the  food  regurgitates  into  the 
oesophagus.  The  reopening  of  the  cardiac  orifices,  on  pressure  from  within  (which 
is  usually  resist^id  by  the  sphincter,  as  in  the  acts  of  defecation,  parturition,  &«.,) 
is  one  of  the  first  of  that  series  of  reversed  actions  which  constitutes  the  act  of 
Vumitinff  (§  85);  and  this  is  accompanied  by  a  reversed  peristaltic  action  of  the 
oesophagus.  The  independence  of  these  actions,  one  of  another,  and  their  rela- 
tion to  a  common  cause,  is  remarkably  shown  by  the  fact,  that  when  vomiting 
takes  place  as  a  consequence  of  the  injection  of  tart4ir-emeiic  into  the  veins,  the 
revcrsi'd  poristaltto  action  of  the  oesophagus  is  performed  even  after  its  eeparatioa 
from  tha  stomach. 

[7ia  11. 


A  front  riew  of  the  FtoniRnh,  digtemJed  by  flatui,  with  the  Perilnncal  Coat  turned  off  ; 
1.  antcriur  face  of  the  oiiopbaguif ;  2,  iLe  cul-de-sac,  or  greftler  extremity  ;  3,  th«  lenfor 
or  pyloric  extremity;  4,  the  dnodonam;  6,  5,  a  portion  of  the  peritoneal  coal  turned 
liack  ;  8.  a  portion  <.>f  ttio  lonjjiluJinnl  fibres  of  the  muscular  coot;  7,  (he  circulnr  fibres 
of  tbc  mu5cuUr  coftt;  8,  the  oblitiue  muncular  fibres,  or  ma»clc  of  Oarard ;  0,  &  portiuo  ol 
the  muscalmr  eoat  of  the  duodcnunij  where  its  peritoneal  oo«t  bat  beco  reiOQred] 

'  "  Third  Monioir  on  the  Nerrooa  Syrtem."  5  201. 
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83.  The  food,  which,  thus  propelled  along  the  OMOpbagoa,  eotere  the  Stomach 
through  its  cardiac  orifice  id  auccessive  waves,  is  immediatelj  subjected  to  a 
pecuUsir  peristaltic  movciuent,  which  has  for  its  object  to  produce  the  thorough 
intermixture  of  the  gastric  fluid  with  the  alimeotary  mass,  and  to  separate  the 
portion  which  has  bct-n  sufficiently  reduced,  from  the  remainder.  The  fksciouli 
tiimpiosing  tho  muscular  wtill  of  the  human  stotuaeh,  are  so  disposed  as  to 
lessen  its  diameter  iu  every  direction ;  and  whilst  tho  cavity  is  empty,  they  are 
uniformly  contracted,  so  as  to  reduce  the  organ  to  its  smallest  dimensions.  When 
food  is  introduced,  the  contraction  of  the  parietes  as  a  whole  still  continues,  to 
such  a  degree  as  to  make  them  closely  apply  themselves  to  its  surface ;  but  the 
contractinii  of  the  individual  fasciculi  alternates  with  relaxation,  in  such  a  manner 
as  to  induce  a  great  variety  of  motions  in  this  organ,  sometimes  transversely,  and 
at  other  times  longitudinally.  "  These  motions,"  remarks  Dr.  Beaumont,  who 
has  enjoyed  a  peculiar  opportunity  of  observing  them,'  *'  not  only  produce  a  con- 
&tant  disturbance  or  vhuntinf/  of  the  contents  of  the  stomach,  but  they  compel 
them  at  the  same  time,  to  revolve  about  tho  interior  from  point  to  point,  and 
from  one  extremity  to  the  other."  In  addition  to  these  movements,  there  is  a 
luustaut  agitation  of  the  stomach,  produced  by  the  respiratory  muscles.     The 

(Fia.  U. 


A  vieir  or  the  interior  of  the  StAinach,  as  glrcn  b;  the  rcmovsl  or  fti  aoterior  pnriotea; 
1,  oesophagus;  2,  cardiac  orifioe  of  the  stomach  j  3,  its  greater  extremity,  or  cul-de-uo; 
4,  the  greater  currnture;  i,  line  uf  tho  nttacbuient  of  the  omentum  tnajuis;  Q,  the  mus- 
cular coat ;  7,  the  nulpriur  cut  eilgi*  of  Lhe  mucoua  coat ;  8,  the  rugte  oT  the  iuucods  coat; 
9,  tho  leader  curvature  ;  10,  tlif?  bei^itiningor  lhe  duodenum;  11,  pyloric  oriQce,  or  valve; 
12,  the  first  turn  of  the  duadcnum  downwards.] 

motions  of  the  Htoraaeh  itself  are  not  performed  on  any  very  exact  plan,  and  are 
much  influenced  by  the  cliarscter  of  the  ingcRtaj  the  stiite  of  the  gener.il  system, 
and  by  other  circumstances.  The  following  is  the  ordinary  course,  however,  of 
the  revolutions  of  the  food.  '*  After  passing  the  ccsophageal  ring,  it  moves  from 
rijzbt  to  left,  along  the  small  arch  ;  thence  through  the  large  curvature,  from  left 
to  right.  The  bolus,  as  it  enters  the  cardia,  turns  to  the  left,  passes  the  aperture, 
descends  into  the  splenic  extremity,  and  follows  the  great  curvature  towards  the 
pyloric  end.  It  then  returns,  in  the  course  of  the  smaller  curvature,  and  makes 
its  appeamacc  again  at  tho  aperture  in  its  descent  into  the  great  curvature,  to 
perform  similar  revolutions.  These  revolutions  are  completed  in  from  one  to 
three  minutes.  They  are  probably  induced  in  a  great  measure  by  the  circular  or 
transverse  muscles  of  the  stomach.  They  are  slower  at  first,  than  after  chymifi- 
cation  has  considerably  advanced  ;"  at  which  time  also  there  is  an  increased  im- 

•  See  the  "  Case  of  Alexis  St.  Martin,  with  ObscrrntionB  and  Eipmments  by  Dr.  Beau- 
inont,"  republished  in  this  country  hy  Dr.  Andrew  Combe.  —  This  patient  had  a  large  fistu- 
lous orifice  in  his  etomnoh,  renmimnp  «fter  »  wound  which  bud  laid-open  the  cavi«j ;  but 
hia  general  health  had  been  completelj  restored. 
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pnlse  towards  the  pylorus.  It  is  probable  that,  from  tbe  very  commence  men  t  of 
chymification,  until  tbe  organ  becomes  empty,  portions  of  cbyme  are  routinuully 
psissinj^  into  the  duodenum  ;  for  tbe  bulii  of  the  alimentary  mass  progressively 
diminisheSf  and  tbis  tbe  luore  rapidly  as  tbe  process  is  nearer  its  completion. 
Tbe  accelerated  expulsion  appears  to  be  effected  by  a  peculiar  action  of  the 
transverse  muiiclcs;  and  especially  of  that  portion  of  tbciu  wbicb  surrounds  the 
etomacb  at  about  four  inches  from  its  pyloric  extremity.     Tbis  bund  is  so  forci- 

[Fio.  15. 


^s^J 


A  riew  of  tbe  interkr  of  the  fNiomnch  nod  DQadeouni  In  sitti,  tb«  inferior  portion  of 
eacb  having  been  repioved :  1,  I,  tbe  under  ildo  of  tbe  lirer;  2,  tbe  galUblAdder;  3,  3, 
lh«  IcEier  curvature  and  nntmur  faces,  aa  lecn  from  below ;  4,  the  rag»,  nbout  the  car- 
dMcoriQce;  b,  the  pyloric  orifice;  0,  the  rugn>j  and  thickneis  of  this  oriico;  7,  7,  the 
duodenum;  8,  lower  end  of  the  right  kidrtej.] 

btj  contracted  in  tbe  latter  part  of  tbe  digestive  proces.*!,  that  it  almost  separates 
tbe  two  portions  of  the  fit^ntach  into  a  sort  of  hour-glass  form;  and  Dr.  B.  states 
that,  when  be  attempted  to  introduce  a  long  thermometer-tube  into  the  pyloric 
portion  of  the  storaaoh,  the  bulb  was  at  first  gently  resisted,  then  allowed  to  pass, 
and  then  grasped  by  the  muscular  parietes  beyond,  eo  as  to  be  drawn-in  :  whence 
it  is  evident  thut  tbe  contraction  has  for  its  object  to  resist  the  passage  of  solid 
bodies  into  the  pyloric  extremity  of  the  stomach,  at  this  stage  of  digestion,  whilst 
tbe  matter  which  has  been  reduced  to  the  fluid  form,  is  puinped-away  (u  it  were) 
by  the  action  of  that  portion  of  the  viscus.  These  peculiar  motions  continue, 
until  the  stomHch  is  perfectly  empty,  and  not  a  particle  of  food  or  of  chyme 
remains ;  and  when  they  arc  nearly  brought  to  a  close,  the  coatruction  of  the 
pyloric  orifice  also  gives- way,  to  an  extent  sufScient  to  allow  not  only  the  undi- 
gested residue  of  tbe  food,  but  also  large  solid  bodies  that  may  have  been  swal- 
lowed (such  as  coins  and  the  like),  to  pass  into  the  intestinal  cjtnal. 

84.  With  regard  to  the  degree  in  which  these  movementa  of  tbe  Stomach, 
whose  share  in  the  Digestive  operation  is  so  important,  are  dependent  upon  the 
S^pinal  cord,  and"  are  oonsequcntly  of  a  'reflex'  nature,  it  is  difficult  to  speak  with 
ccrtJiinty,  owing  to  the  contradictory  results  obtained  by  different  experimenters. 
These  contradictions,  however,  seem  partly  due  to  a  diversity  in  the  nature  of  the 
iiiiimala  experimented-on,  and  partly  to  a  difference  in  tbe  stage  of  the  digestive 
process  at  which  the  observations  were  made.  It  seems  to  be  well  established  by 
the  researches  of  Keid,  Valentin,  and  others,'  that  distinct  movements  may  be  ex- 
cited in  the  stomach  of  tbe  ELtibbit,  if  distended  with  food,  by  irritating  the  Pneu- 
tnogastric  soon  after  tbe  death  of  the  animal ;  these  movements  appear  to  t-ora- 
nience  from  tbe  cardiac  orifice,  and  then  to  spread  themselves  in  a  sort  of  peri- 

'  See  Dr.  Reid's  "  Phjaiologlcal,  Anatomioal  and  Pathologieat  Researches,"  chap.  v.  ; 
VjilentJD  '*  Do  Furu'liouibus  Nervorum  Cerebraliuoi,"  &c,  chiip.  xi. ;  also  Louget  ".Anat 
et  Physiol,  du  SystJ^me  Nerveui,"  torn.  i.  p.  828;  and  Bischoff  in  "Miiller's  Archi*.,'* 
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Btaltic  Tnaiiner  along  the  "walls  of  the  stnmarh  :  bat  no  ?uch  morcnionts  can  be 
excited  if  the  stomacb  be  empty.     Various  exp<?  rim  cuts  upon  living  aaitual^  have 
led  to  a  similnr  conclusion,  food  taken -in  shortly  before  or  subsequent!  j-to  its 
division,  having  been  found  to  be  only  dissolved  on  the  surface  of  the  mass,  where 
it  was  in  contact  with  the  mucous  membrane  :  but  these  csperimenta  bare  been 
Qjade  for  the  most  part  upon  Herbivoroua  animals,  such  as  horses,  a,<ises,  and  rab- 
bits;  whose  food  ia  bulkj  and  difficult  of  soluiion,  requiring  to  be  constantly 
changed  in  its  position,  so  that  every  part  of  it  may  be  auccopgively  brought  to 
the  exterior.  On  the  other  hand,  Dr.  Rcid  found,  in  bia  experiments  upon  Dogs, 
that,  after  the  first  shock  of  tlie  operation  had  gonc-ciff,  solution  of  Jbod  in  the 
stomach,  and  absorption  of  chyle,  might  take  phicc;  and  hence  it  may  be  inferred, 
that  no  influence  of  this  nerve  upon  the  musouLir  parietes  of  the  stomach  is  essen- 
tial to  digestion  in  that  species.    This  cnncKmon  hannonisea  well,  therefore,  witb 
the  fact  alreudy  stated  respecting  the  absence  of  such  influence  in  the  lower  parts 
of  its  oesophagus  j  and  it  may,  pfirbaps,  be  explaiued  by  the  consideration,  that 
the  natural  food  of  the  dog  is  much  less  bulky  and  more  easy  of  solution,  than 
that  of  the  animals  previously  named  ;  so  that  there  is  n^'t  so  much  need  of  that 
peculiar  moveracnt,  which  is  in  them  so  important  an  aid  to  the  process  of  reduc- 
tion.—  There  is  yet  much  to  be  learned  on  this  subject,  however;  especially  in 
regard  to  the  degree  in  which  the  moveuienta  may  be  checked  or  altered,  by  im- 
prfssions  transmitted  through  the  nen'ous  system.     It  was  stated  by  Braohet,' 
that,  in  some  of  his  experiments  upon  the  Piieumogastrio,  some  hours  after  sec- 
tion of  the  nerve  on  both  sides,  the  surface  only  of  the  alimentary  mass  was  found 
to  have  undergone  solution,  the  remainder  of  the  mass  remaining  in  theconditi'in 
in  which  it  was  at  first  ingested;  and  if  this  Htatement  can  be  relied-on,  it  would 
appear  that  the  movements  of  the  stomach,  like  those  of  the  heart,  can  be  readily 
affected  by  a  strong  nervous  impression.     It  may  be  partly  in  this  nionner,  there- 
fore, and  not  by  acting  upon  the  seerctiona  alone,  that  strong  Emotions  retard  or 
even  check  the  digestive  procefjs,  as  they  are  well  known  to  do.     On  the  other 
hand,  the  moderate  excitement  of  pleasurable  emotions  may  be  favourable  to  the 
operation;  not  only  by  giving  firmness  and  regularity  to  the  aetinu  of  the  heart, 
and  thence  promoting  the  circulation  of  the  blood,  and  the  increase  of  the  gastric 
secretion  ;  but  also  iu  imparting  flrmncss  and  regularity  to  the  muscular  ooutniC- 
tions  of  the  stomach. 

85.  Much  discussion  has  taken  place  upon  the  question,  how  far  contractiou 
of  the  parietes  of  the  Stomach  itself  actively  participates  in  the  operation  of 
Vomiting;  and  many  experiments  have  been  made  to  determine  the  facts  of  the 
case.  Some,  like  Magcndie,  have  gone  so  far  as  to  aUrm  that  the  stomach  is  en- 
tirely passive;  grounding  this  inference  upon  the  fact  cxpcrinifntiilly ascertained, 
that  when  the  stomach  was  removed,  and  a  bladder  was  substituted  for  it,  this 
was  emptied  of  its  contents,  by  the  compression  of  the  parietes  of  the  abdomen, 
when  tarlar-emctic  was  injected  into  the  veins.  But  this  fact  by  no  means  dis- 
proves the  active  co-operation  of  the  stomuch ;  and  judging  from  the  analogy  of 
the  uterus,  bladder,  and  rectum, — whose  muscular  walls  arc  all  actively  conceniod 
in  the  expulsion  of  their  contents,  though  that  expulsion  ia  iu  great  part  due  to 
the  contractiiin  of  the  abdominal  muscles,  —  we  should  be  led  to  concur  with  the 
oommoa  opinion,  of  which  our  own  sensations  during  the  act  would  indicate  the  cor- 
rectness. And  this  opinion  has  been  confirmed  by  observation  of  a  case,*  io  which, 
the  abdominal  parietes  having  been  acciden tally  laid-open  in  the  human  subjcot, 
and  the  stomach  having  wholly  protruded  itself,  it  was  seen  to  contract  itself  re 
peatedly  and  forcibly,  during  the  space  of  half  an  hour,  until  by  its  own  effort^:  it 
had  expelled  alt  its  contents  except  gases.  As  already  mcntioned,^  the  relaxation 
of  the  cardiac  sphincttir  is  essential  to  the  net  of  vomiting;  and  unless  this  takt 

'  "Kcch.  Exptfr.  ear  les  Fonct.  du  Sjst  NerT.  Ganglion,"  chap.  iii.  j  2. 
*  Lepiae  ia  "  Bullet,  de  I'Aoad.  Ro;.  cle  M^deciue,"  1844. 
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place,  all  the  other  movemf  nts  will  he  in  vain  :  for  its  fibres,  when  contracted, 
can  resist  the  combined  forcu  of  all  the  cxpulrior  muscles.  There  can  be  Jittle 
doubt  that  the  violent  but  fruitless  efforts  at  vomiting  which  wc  occasinnally  wit- 
ness (two  or  three  such  efforts  frequcntlj  preceding  the  effectual  one),  are  pro- 
rented  from  emptying  the  stomach  by  the  obatiuaoy  with  which  the  cardiac 
fiphincter  is  kept  closed ;  just  aa  the  eipiratory  effort  which  assists  in  emptying 
the  stomach,  is  prevented  by  the  finnne^swith  which  the  glottis  is  held  sfaut,  from 
expelliug  the  contents  of  the  chest.  It  is  not  true,  as  was  formerly  suppoaed,  that 
the  diaphragm  actively  co-operates  in  the  effort  of  vomiting;  for,  as  was  first 
pwiited-out  by  Dr.  M.  Hall,'  this  effort,  like  those  of  defecation,  urination,  and 
parturition,  is  essentially  performed  by  the  muscles  of  expirutionj  with  this  dif- 
ference, however,  that  the  diaphragm,  instead  of  beiutr  ptissivc^  ia  fixed,  and  sup- 
plies a  firm  surface  against  which  the  stomach  is  presccil.  In  this",  as  in  the  oiIht 
ciisps  just  referred-to,  the  eipulaive  effort  is  preceded  by  a  deep  inspiration,  after 
which  thij  glottis  is  spasmotlicully  closed  daring  its  whole  coiitinuauee. — Th« 
imnieiii^tti  causes  of  vomttiug  may  be  reduced  to  three  different  categories". 
1st.  The  contact  of  irritating  subptaiit-ea  with  the  mucous  membrane  of  the 
atomaeh  itself;  these,  however,  cannot  act  by  dirert  stimulation  upon  more  than 
its  own  muscular  coat;  and  their  operation  upon  the  associntcd  muscles  must  take 
place  by  reJlexioHf  throuc;h  the  '  nervou.s  eirele'  furnished  by  the  pneumogastrics 
and  the  motor  nerves  of  expiration.  2nd.  Irritations  applied  t-j  other  ptirta  of  the 
body,  likcwiiie  operating  by  simpf^-rrjlex  transmission;  as  in  the  vomiting  which 
ia  consequent  upon  the  stnuignlution  of  a  hernia,  or  the  passage  of  a  renal  calcu- 
lus; or  ill  that  which  is  excited  by  the  injection  of  tartar-emetic  or  emetiu  into 
the  circulating  current,  where  these  substances  probably  produce  their  characteris- 
tic effect  by  their  operation  on  the  nervous  centres.  3rd.  Impressions  received 
through  the  seTisoriat  centres,  which  may  be  either  sensational  or  emotional,  but 
which  do  not  operate  unless  they  UTe/td,  In  this  mode  ecema  to  bo  excited  the 
vomiting-  that  is  induced  by  tiekling  the  fauces,  which  first  gives  rise  to  the 
sensatiou  of  nausea;  as  well  us  the  vomiting  consequent  upon  disgusting  sights, 
odours,  or  taslc.'i,  and  upon  those  peculiar  internal  seus^itions  whieh  are  prelimi- 
nary to  '  aea-sickncss.'  The  recollection  of  these  sensations,  conjoined  with  the 
emotional  state  which  they  originally  excited,  may  itself  become  an  efficient  cause 
of  the  action,  at  least  in  individuals  of  pecnliurly  irritable  stomachs,  or  of  highly 
sensitive  nervous  systems ;  for  this  plays  downwards  upon  the  sensorial  centres, 
in  such  a  manner  as  to  excite  in  them  the  saiUQ  condition  na  that  which  was 
originally  produced  through  the  medium  of  the  sensory  nerve,  when  the  object 
was  at-tullly  present.     (See  CHAP.  XI.,  Sect.  3.) 

86.  The  passage  of  the  Chyme,  or  product  of  the  gastric  digestion,  through  the 
pyloric  orifice,  into  the  commencement  of  the  Ititeifinal  tuhe,  is  at  first  slow;  but 
when  the  digestive  process  is  nearly  completed,  it  is  transmitted  in  much  larger 
quantities.  The  pyloric  orifice,  like  the  cardiac,  is  furnished  with  a  ephincter 
muscle;  but  how  far  its  contractions  are  dependent  upon  'reflex  action,'  has  not 
yet  been  ascertained.  The  ingested  matter,  which  undergoes  further  changes  of 
a  very  important  character  within  this  portion  of  the  canal,  is  gradually  propelled 
onwards  by  the  peristaltic  cnntractious  of  its  walls;  and  these  are  excited  by  the 
contact,  either  of  the  products  of  digestion,  or  of  the  secretions  poured-in  by 
the  various  glands  that  discharge  tbcir  products  into  the  intestinal  tube.*  lu 
ita  progress  along  the  small  intestine*,  the  nutritious  portion  of  the  ingested  mat- 
ter is  gradually  taken-up  by  the  blood-vessels  and  absorbents ;  and  the  residue, 
combined  with  ezcrementitiuus  matters  separated  from  the  blood,  begins  to  assume 

•  "Quorterly  Joamal  of  Science,"'  vol.  xxr.  p.  388^  et  seq, 

*  The  Bile  seems  to  have  an  imporinnt  share  in  proiliiciug  this  effeot;  since,  when  the 
ductus  choledochos  is  tied,  coustipaUu'i]  dliraja  occurs.  The  purgatire  action  of  Mercurintsi 
««em«  tn  ffepend  in  great  part  uputi  the  increase  uf  the  hepatic  ikud  other  secretions  whiob 
it  inducea. 
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the  faecal  character.  A  farther  absorption  takes  place  during  the  passago  of  the 
faecal  matter  tbrou|»h  the  large  iDteatiiies;  aud  thus  by  the  time  it  reachea  the 
Tectum,  it  has  acfjuired  a  considerable  dejrrec  of  consistency,  —  The  ordinary 
Peristaltic  movements  of  the  Intcstitial  canal  are  fully  accouated-for,  by  referring 
them  to  the  contractility  of  the  muscular  portion  of  its  walls,  called  ioto  action  by 
direct  stimulation ;  and  that  they  are  not  in  any  degree  dependent  upon  nervous 
connection  with  the  Corebro-spiual  ctmtrcs,  is  clearly  shown  by  their  coDtiooance 
after  the  destruction  of  these.  Some  Physiologista  suppose  that  these  movemeDts 
arc  attributable  to  'reflex'  action,  thruugh  a  nervous  circle  furnished  by  the  fibres 
and  ganglia  of  the  Syujpathetic  eystem.  This  supposition,  however,  is  entirely 
unnecessary;  since  the  Ilullerian  doctrine  of  the  independent  irritability  of  Mus- 
cle, the  truth  which  may  now  be  considered  as  firmly  established  (See  1*RINC.  OP 
Gen.  TnYaO,  affords  an  adequate  explanation  of  thera.  And  it  will  be  found,  on 
careful  examination,  to  have  no  suflieieat  evidence  in  its  favour;  the  utmost  which 
experiment  can  show,  biing  that  contractions  »u/^ fcs excited  through  the  medium 
of  the  Sympathetic  nerve*.  But  the  experiments  of  Valentin,  who,  more  than 
any  other  Physiologist,  has  succeeded  in  obtaining  positive  results  of  this  kind, 
also  indicate  that  the  motor  influence  docs  not  originute  in  the  Sympathetic  gan- 
glia, but  is  derived  from  the  Spinal  cord.'  The  following  arc  his  general  results, 
so  far  as  they  apply  to  this  part  of  the  subject.  —  The  lower  part  of  the  CEsopha- 
gua  in  the  neck  is  made  to  contract  peristakieally  from  above  downwards,  by  irri- 
tation of  the  roots  of  the  first  three  ccrvie;d  8pinal  nerves,  and  of  the  cervical 
portion  of  the  Sympathetic,  through  which  lust  the  former  evidently  operate.  The 
thoracic  portiou  of  the  oesophagus  is  made  to  contract,  by  irritation  of  the  lowest 
Sympathetic  ganglion  of  the  neck,  and  of  the  higher  thoracic  ganglia,  and  also 
of  the  roots  of  the  lower  cervical  Spinal  ncr\'es.  Muscular  contractions  of  the 
Stomach  are  produced  in  the  rabbit,  by  irritation  of  the  roota  of  the  4th,  5th, 
Cth,  and  7th  cervical  Spinal  nerves,  and  of  the  Ist  thoracic,  so  that  a  distinct 
furrow  ia  evident  between  the  cardiac  and  pyloric  portions  of  the  viscua  j  and  the 
lower  the  nerve  irritated,  the  nearer  to  the  pylorus  do  the  contractions  extend. 
Irritation  of  the  first  thoracic  ganglion  of  the  Sympathetic  pnxluees  the  same 
effect.  —  Contractions  of  the  Intestinal  tube,  varying  in  place  according  to  the 
part  of  the  Spinal  cord  experimeoted-onj  may  be  excited  by  irritation  of  the  roots 
of  the  dorsal,  lumbar,  and  sacral  nerves,  and  of  the  trigeminus ;  and  similar  edects 
are  produced  by  irritation  of  the  lower  part  of  the  thoracic  portion,  of  the  lumbar, 
and  of  the  sacral  portions  of  the  Sympathetic,  —  also  of  the  splanchnic,  and  of  the 
gastric  plexuses.  , 

87.  From  these  facts  it  is  evident,  that  the  movements  of  the  Intestinal  tube 
may  be  tujiuenced  htf  the  Spinal  cord ;  that  what  is  commonly  termed  the  Sym- 
paUietic  nerve,  is  the  channel  of  that  influence,  by  the  fibres  which  it  denves 
from  the  Spinal  system.  But  it  by  no  means  thence  follows,  that  the  ordinary 
peristaltic  actions  of  the  muscles  in  question  are  th-peiuient  on  a  stimulus  reflected 
through  the  spinal  cord,  rather  than  on  one  directly  applied  to  themselves.  It  ia 
clear  that,  although  these  movements  are  of  the  first  importance  to  the  welfare  of 
the  system,  such  means  of  sustaining  tbeui  are  feeble,  compared  to  those  which 
wo  find  provided  for  the  maintenance  of  (he  distinetly-reflyx  actions  of  deglutition, 
respiration,  ifec.  And  the  fact  ihat  they  are  capable  of  being  at  all  times  more 
easily  excited  by  stimuli  applied  to  the  muscles,  than  by  any  kind  of  irritation 
applied  to  their  nen-es, —  taken  in  connection  with  the  fact  that  the  muscles  not 
only  remain  irritable,  but  will  execute  regular  peristaltic  contractions,  for  a  long 
time  after  any  such  curntractions  can  be  excited  through  their  nerves,— seems  a 
very  strong  indication  that  nervous  influence  is  not  the  ordinary  agent  in  calling 
these  roovemente  into  play.  On  the  other  hand,  we  do  know  that  the  peristaitie 
movements  are  affected  by  particular  statcjs  of  mind,  or  by  conditions  of  the  bodily 

*  "Db  FuDCtionibus  Nerroram  Cerebralium  et  Ner\i  Sympaltiici,"  l>ook  ii.  chap.  2 


MOVEMENTS   OF  THE   ALIMENTARY  CANAL — DEFECATION. 


99 


83^Btem;  and  the  connection  just  traced  satisfactorily  accounts  for  this,  and  i8 
itself  sufficienflj  explained. — The  Intestinal  tube,  then,  from  tho  etouiach  to  the 
rectum,  is  not  dependent  upon  the  Nervous  Centres  either  for  its  contractility,  or 
fur  its  power  of  exercisinc;  it,  but  is  enabled  to  propel  its  contents  by  its  own  in- 
herent powers;  still  we  find  that  here,  us  in  other  instances,  the  nervous  centres 
exert  a  general  control  over  even  the  Organic  functions,  doubtless  for  the  purpose 
of  harmoDizing  them  with  each  other,  and  with  the  conditions  of  the  organs  of 
Animal  life.     (See  chap,  xni.,  Sect.  4.) 

88.  On  examining  the  outlet  by  which  the  fasces  are  voided,  we  find  that  it  is 
placed,  like  the  entrance,  under  the  guardianship  of  the  Spinal  Cord;  subject, 
however,  to  some  control  on  the  part  of  the  Will.  In  the  lowest  animals,  the  act 
of  discharging  eicrementitioas  matter  is  probably  aa  involuntary  as  are  the  acta 
immediately  concerned  in  the  introiluctitm  of  nutriment;  and  it  is  performed  as 
often  as  there  is  anything  to  be  got  rid  of.  In  the  higher  classes,  however,  such 
discharges  are  much  less  frequent ;  and  reservoirs  are  provided,  in  which  the 
excrementitioos  matter  may  accumulate  in  the  intervals.  The  associated  move- 
inents  required  to  empty  these,  are  completely  involuntary  in  their  character; 
and  are  excited  by  the  quantity,  or  stimulating  quality,  of  the  contents  of  the 
reservoir.  But,  had  volition  no  control  over  thera,  great  inconvenience  would 
ensne ;  hence  sensation  is  excited  by  the  same  stimulus  which  produces  the 
movements,  in  order  that,  by  arousing  the  will,  the  otherwise  involuntary  motions 
maybe  restrained  and  directed. — There  can  be  little  doubt,  from  the  experimente 
of  Dr.  M.  Hall,  as  well  as  from  other  considerations,  that  the  associated  movements 
by  which  the  contents  of  the  rectum  and  bladder  are  discharged,  correspond  much 
with  those  of  Respiration;  being  in  their  own  nature  excito-motor,  but  being 
capable  of  a  certain  degree  of  voluntary  rcstniint  and  assistance.  The  act  of  Defe- 
cation (as  of  Urination)  chiefly  depends  upon  the  combined  contraction  of  the 
abdominal  moscles,  similar  to  that  which  ia  oonocrned  in  the  expiratory  move- 
nient ;  but,  the  glottis  being  closed  so  as  to  prevent  the  upward  motion  of  the 
diaphragm,  their  force  acts  only  on  the  contents  of  the  abdominal  cavity ;  and  ho 
long  as  the  sphincter  of  the  cardia  remains  closed^  it  must  press  downwards  upon 
the  walls  of  the  rectum  and  bladder, —  the  contents  of  the  one  or  the  other  of 
these  c-Jivities,  or  of  both,  being  expelled,  according  to  the  condition  of  their  re- 
spective sphincters.  These  actions  are  doubtless  assisted  by  the  contraction  of 
the  walls  of  the  rectum  and  bladder  themselves;  for  we  sometimes  tind  their 
agency  sufficient  to  expel  the  contents  of  the  cavities,  when  there  is  a  total 
paralysis  of  the  ordinary  expuKsors,  provided  that  the  sphincters  be  at  the  same 
time  sufficiently  relaxed.  This  is  mure  especially  the  cose,  when  their  power  is 
augmented  by  increaj^ed  nutrition.  For  example,  in  many  cases  of  disease  or 
injury  of  tho  Spinal  Cord,  the  bladder  ceases  to  expel  its  contents,  through  the 
interruption  of  the  circle  of  reflex  action  ;  but  after  a  time,  the  necessity  for 
drawing-off  the  urine  by  the  catheter  is  fljiind  to  exist  no  longer,  the  fluid  being 
constantly  expelled  as  soon  as  it  has  accumulated  in  small  quantities.  In  such 
cases,  the  mucous  coat  is  found  after  death  to  be  thickened  and  inflamed ;  and 
the  muscular  coat  to  be  greatly  increased  in  strength,  and  contracted  upon  itself. 
It  would  seem,  then,  that  the  abnormal  irritability  of  the  mucous  membrane,  and 
the  increased  nutrition  of  the  muscular  subsbince  which  appears  connequent  upon 
it,  enable  the  latter  to  expel  the  urine  without  the  assistance  of  the  ordinary 
expalsors. 

89.  C>n  the  other  hand,  the  sphinotors  which  antagonize  the  eipellent  action, 
are  usually  maintained  in  a  state  of  moderate  coutniction,  so  as  to  afford  a  con- 
stant check  to  the  egress  of  the  contents  of  the  cavities;  and  this  condition  has 
been  fully  proved  by  Dr.  M.  Hall,  to  result  from  their  connectioJi  with  the  Spinal 
Curd,  ceasing  completely  when  this  is  interrupted.  But  the  sphincters  are  cer- 
tainly in  part  controlled  by  the  Will,  and  ure  made  to  act  iu  ubcdicnce  to  the 
wamiug  given  by  sensation;  and  this  voluntary  power  is  frequently  destroyed  by 
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injuries  of  tbo  Brain,  whilst  the  Spinal  Cord  rpmaiiis  able  to  perform  al!  ite  own 
fuiictioDs,  80  tliat  discharge  of  the  urine  and  faceeH  occurs.  —  lo  their  state  of 
moderate  excitement^  the  expulsors  and  the  ephinuters  maj  bo  rctgarded  u 
balaDcing  one  another,  so  far  aa  their  reflei  action  is  concerocd ;  the  latter  baviog 
rather  the  predominance,  so  as  to  reatrain  the  operation  of  the  former.  But, 
when  the  qiiantttj  or  quality  of  the  contents  of  the  cavity  pives  an  excesHive 
stimulus  to  the  former,  llieir  notion  predominates,  unless  the  Will  be  put  in  force 
to  strengthen  the  resistance  of  the  sphincter;  this  wo  are  frequently  experiencing, 
sametiinea  to  our  great  discomfort.  On  the  other  hand,  if  the  stimulus  be  dffi* 
cieut,  the  will  must  aid  the  expulsors,  in  order  to  overcome  that  resi.stance  whicb' 
is  due  to  the  reflex  contraction  of  the  sphincters;  of  this  also  we  may  conviucei 
aurselves,  when  a  sense  of  propriety,  or  a  prospective  regard  to  convenience, 
occasioDH  us  to  evacuate  the  contents  of  the  rectum  or  bladder  without  a  aatundj 
call  to  do  so. 


0/  the  Changes  which  the  Food  vnJergoea,  during  its  passage  along  the 
Alimentary  Canal. 


Fio.  16. 


90.  The  object  of  the  Digestive  process,  as  alreftdy  pointed-out^  is  to  reduce 
the  Aliment iiry  matters  to  a  condition  in  which  they 
can  be  introduced  by  Absorption  into  the  Circulating] 
system.     This  reduction  is  partly  effeetedj  as  wo  havaj 
seen,  by  Mechanical  means;  but  it  is  chiefly  due  to  tbel 
Cheuiicai  agencies  which  are  brought  to  boar  upon  the 
ingested   substances,  during  their  transit  through   the 
mouth,  the  stomach,  and  the  upper  portion  of  the  in- 
testinal tube.    The  first  of  these  is  exerted  by  the  Sali' 
rar)/  fluid,  which  is  incorporated  with  the  food  in  the 
act  of  niastication,  and  of  which  a  large  quantity  de- 
Koouds  with  it  to  the  gtoniach.     For  the  secretion  of 
tliis  fluid,  it  will  be  reraemi>ered  that  three    pairs  of 
glands  of  eotisiderable  size  are  provided;  namely,  the 
parotid,  the  sublingual,  and  the  submaxillary.     But  ia 
addition  to  these,  a  very  important  part  of  the  fluid  igl 
furnished  by  the  numerous  follicular  glands  loiJged  ittj 
and  beneath  the  buccal  mucous  membrane.     The  Sail*] 
vary  glands  are  cofKstructed  upon  that  follicular  type,  of  J 
which  a  characteristio  example  is  presented  in  the  glands  of  Brunner  (Fig.  25) }1 
their  uttimatc  follicles  (Fig.  IG)  are  very  minute  (their  average  diameter  bein« 
about  l-l:?UOth  part  of  an  inch),  and  are  closely  surrounded  by  a  plexus  of  capil*] 

lary  blood-vessels  (Fig.  17).     Their  developmenl 
commences  from  a  simple  canal,  sending  off  bud-j 
like  processes,  which  opens  from  the  uiouth,  nndj 
lies  amidst  a  cellular  bhL«tema;  and  as  their  evo-j 
lution   advances,  the   large   parent-cells   of  thisj 
blastema  form  communicatiuns  with   the  gland- 
canal,  which  is  at  the  same  time  extending  its 
ramiticatioDs,  and  remain  as  the  terminal  follicles 
of  these. 

91.  The  inquiry  into  the  chemical  constitution 

and  properties  of  the  Saliva  had  for  the   most 

part  been   limited,   until   recently,   to   the  fluid 

obtained   from   the   mouth,  rather  than   to  that 

secreted  by  the  glands;  but  late  resuarches  have  shown,  that  the  characters  of 

the  fluids  poured-forth  respectively  from  the  three  principal  glands  are  by  no 

oieans  identicul;  and  that  the  biucal  mucus  has  a  very  important  share  in  the 
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srstions  of  that  mixed  product,  which  constitutes  the  ordinary  8aliv3.  The 
sific  gravity  of  this  fluid  is  usually  (according  tc  Lehmanu)  from  ]004  to 
)D6  ;  but  he  states  that  it  may  rise  to  lOOS  or  1009,  or  may  sink  to  1002,  with- 
Oi«t  any  indication  of  coexisting  disease  :  according  to  Jacubowit^cb,  however,  its 
average  specifio  graxity  is  no  hiphor  than  100--6.  When  examined  microscopi- 
cally, the  Saliva  is  found  to  contain  a  small  number  of  minute  corpuscles  derived 
from  the  Salivary  glands,  and  large  epithelial  scales  thrown-off  by  the  buccal  mu- 
cous membrane.  Its  reaction  is  always  alkaline  in  health;  but  the  degree  of 
alkalinity  varies,  being  greatest  during  aod  a^er  meals,  and  least  after  prolonged 
fasting,  when  the  fluid  is  almost  neutral. — The  following  are  two  of  the  most 
recent  annlyses  of  this  fluid  that  have  been  made;  the  oue  by  the  most  eminent 
chemist  Frcrichs,'  whose  contrihurions  to  the  Physiology  of  Digestion  are  among 
the  meet  valuable  of  the  rosulta  which  have  been  furuished  by  recent  inquiries 
iu  this  direction ;  and  the  other  by  Jacubowitsch,'  under  the  direction  of  MM. 
Bidder  and  Schmidt. 


Dr.  Frericht. 


Wat«r 

BMi«i  Mattera. 


994-10 
5'90 


Ptralia,  with  a  little  alcohol-extraot  1  -41 

Mueiu  and  epithelium 213 

Fauj  matter -07 

Suipbocjanide  of  potassium......,.,  '10 

Alkaline  and  1    (   Chlorides  1 

Earthy       (   \  Phosphates  V 219 

le  of  Iron J 

lOOW 


Jaeubowilteh. 

Wfiter 99516 

Solid  Matters 4-84 

Soluble  Organic  matter  (Ptyalio)...  1-34 

Epithelium 1-62 

Sulphocjanide  of  potassium -06 

Fixed  Salts — Phonphntea  of  soda, 

lime  and  magnesia  '98 
■*              Chlorides  of  Sodium 

and  Potassium 'B4 
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The  density  of  the  Saliva,  as  indicated  both  by  its  specifio  gravity,  and  by  the 
per-centage  of  solid  matter  which  it  contains,  is  by  no  means  constant,  cither  in 
different  individuuls,  or  in  the  same  individual  nt  diflercct  times.  The  vuriutions 
appear  partly  referable  to  the  amount  of  solids  and  lir^uids  ingested,  and  to  the 
amouat  of  the  secrtaion  previously  poured-ont ;  but  thoy  may  be  partly  attributed 
to  a  difference  in  the  proportions  of  the  fluids  poured  into  the  mouth  by  the 
•everal  glands  which  secrete  them. —  The  substance  to  which  the  de.Mgnation  of 
Ftynltn  is  given,  is  that  on  whose  presence  the  peculiar  properties  of  the  Saliva 
appear  to  depend;  and  it  seems,  as  regards  its  chemical  nature,  to  be  an  albumi- 
nous compound,  in  such  a  state  of  change,  however,  that  it  acts  the  part  of  a  '  fcr- 
roeot.'* — The  presence  of  SvlphocyanotjeH  is  interesting,  not  only  l)ccau8e  saliva 
is  the  only  animal  product  in  which  it  is  known  to  occur,  but  because  the  uni- 
fonnity  with  which  it  m.'ikes  its  appearance  when  searched-for,  would  seem  to 
iodioate  that  it  performs  ^ime  peculiar  part  in  the  operatioas  to  which  the  sali. 
vary  fluid  is  subservient.  Moreover,  iu  a  medico-legnl  point  of  view,  the  existence 

'  See  "Cunstatt's  Jahreabericbt,"  1860,  p.  136;  and  "Wagner's  Uandworterbuch,"  band 
iiL*  Art.  <  Verdauung.' 

*  Inaagnral  Dissertation,  "  De  Saliv&,"  Dorpati,  1848;  see  also  Bidder  and  Schmidt, 
"  Die  Verdauungssaefie  und  der  Stolf  wechsel,"  1852. 

•  The  following,  according  to  Prof.  Lehmann  (*'  Physiological  Chemistry,"  Cavendbh  So- 
etetr'ft  Ed,,  vol.  iL  p.  16),  are  the  distinctive  chemical  characters  of  Ptyalin.  —  Being  held 
in  solution  hy  an  alkali,  the  addition  of  a  little  acetic  acid  throws  down  a  flucculent  precipi- 
Ijtte.  which  readily  dissolves  in  an  csoess  of  tlie  acid.  When  boiled  with  hydrochlorate  of 
ammonia  or  sulphate  of  magnesia,  the  alkaline  solution  of  ptyalin  becomes  very  turbid  ;  it 
i«  precipitated  by  tannic  acid,  bichloride  of  mercury,  and  bnfiic  acetate  of  load;  but  not  by 
alum,  sulphate  of  copper,  &c.  The  acetic  acid  gnlution  ia  strongly  precipitated  on  the  addi- 
tion of  ferrocyaoide  of  potassium;  and  when  boiled  with  nitric  acid,  it  yields  a  yellow  aola- 
ti*«a.  By  these  reactions  it  is  shown  tluit  ptyaliii  closely  resKenkblea  both  albumen  and  casein, 
without  being  identical  with  either  of  them.  [The  converting  power  of  ptyalin  is  ro  great 
tint,  according  to  Miaihe  (Mi-tn.  tiuria  digeatinii  et  assimilation  des  mati^^res  amylnides, 
1846),  one  part  of  the  pure  ferment  will  convert  2tKJ0  parts  of  starch  into  sugar. — to.  J 


102 


OF    POOD,    AND    THE     DIGESTIVE    PROCESS. 


of  a  sulpbocynnlde  in  the  saliva  has  a  special  ituportance ;  since,  if  in  a  state  of 
sufficient  concentration,  it  causes  the  saliva  to  exhibit  the  same  Wood-red  colour, 
when  treated  with  a  per-salt  of  iroo,  as  that  wbit;h  is  produced  hy  ineconic  acid, 
(The  difference  between  the  two.  however,  is  easiij  made  apparent,  bj  addinp  a 
solution  of  perchlortde  of  mercury ;  for  this  causes  the  colour  produced  by  the 
aulphocjanidc  to  diMppcnr,  wliilst  it  has  no  action  on  that  which  is  due  to  tie 
presence  of  meconio  acid.)  —  The  Solfs  of  the  Saliva,  with  the  exception  of  the 
forefroing,  seem  to  corraapond  closely  with  those  of  the  blood ;  and  its  alkaline 
reaction  appears  duo,  not  to  the  presence  of  a  free  alkali,  hut  to  that  of  the  basic 
phosphate  of  soda.  The  'tartar'  which  collects  on  the  teeth,  consists  principjdiy 
of  the  earthy  phosphates,  which  are  held-topether  by  about  20  per  cent  of  animal 
matter}  and  the  same  may  be  said  of  the  salivary  concretions  which  occasionally 
obstruct  the  ducts. 

92,  From  the  experiments  of  M>L  Magendie'  and  CI.  Bernard,'  Bidder  and 
Schmidt  (Op.  cit.),  and  others,  however,  on  the  secretions  of  the  respective  glands, 
as  obtjiiiied  directly  from  themselves  by  tubes  passed  into  their  ducts,  it  appears 
that  their  compoBition  and  physical  characters  are  by  no  means  identical.     For 
the  fluid  of  the  parotid  and  sublin^al  glands  is  clear,  and  as  limpid  and  thin  as 
water,  and  contains  but  a  Rmall  proportion  of  solid  matters  (not  more  than  047 
per  cent  in  the  dog,  and  0*7G  per  cent  in  the  horse,  according  to  Lehraann  and 
Jacubowitsch) ;  whilst  th»  fluid  of  the  submaxillary  is  thick  and  viscid,  re»em- 
bling  in  colour  and  consistence  ordinary  simple  syrup,  and  containing  a  far  larger  ■ 
amount  of  solid  matters,  in  which  the  organic  components,  however,  bear  a  Bmalle 
proportion  to  the  salts,  than  they  do  in  the  fluid  of  the  other  two  glands.     Noi 
it  has  been  observed  by  Bernard,  that  the  flow  of  saliva  which  t-akes  place  durinj^ 
mastication  proceeds  almost  entirely  from   the    parotid  and  sublingual  glanda: 
whitijt,  during  the  act  of  deglutition,  when  the  tongue  carries  the  bulus  back  int 
the  pharynx,  the  secretion  of  the  submaxillary  is  the  greatest.     Ileuce  it  seems 
reasonable  to  conclude,  that  the  purpose  of  thfi.se  secretions  is  not  identical ;  that 
of  the  parotid  and  sublingual  being  to  saturate  the  fond,  when  raixed-up  with  it 
in  the  act  of  mastication  •  whilst  that  of  the  submaxillary  seems  rather  destined 
to  facilitate  deglutition.'     The  fluids  which  are  secreted  by  the  three  principal 
gliinds,  moreover,  appear  (from  the  experiments  to  be  presently  cited)  to  have 
very  different  degrees  of  efficacy,  in  producing  that  chemical  change  in  the  food 
which  it  is  the  peculiar  attribute  of  this  secretion  to  exert  (§  93).  —  Of  the  quan- 
tity of  Saliva  which  is  secreted  daily,  it  is  impos!<ible  to  form  an  exact  estimate, 
since  it  varies  greatly  with  the  character  of  the  food  ingested,  and  the  frequency 
with  which  that  food  is  taken  ;  the  secreting  pmceas  being,  indeed,  almost  sua 
pemk'd  when  the  masticator  muscles  and  tongue  are  completely  at  rest,  unlej 
excited  by  a  nervous  stimulus.*  The  tflstc,  the  sight,  or  even  the  idea,  of  s-ivouiyl 
food,  is  sufficient  to  cause  a  flow  of  saliva,  especially  after  a  long  fast :  but  it  is  byj 
the  masticatory  movements  that  this  flow  is  chiefly  promoted,  so  that  the  amoi 

'  "  Rapport  lu  dans  la  Stance  de  rrnstitut,"  Oct.  25,  1846. 
■  *' Archives  O^n^Srales  de  Mddeoine,"  4ifeme  etfrie,  torn.  xiii. 

•  This  idea  of  M.  Bernard's  wna  confirmod  by  the  following  esporiments.  He  made  an 
openiug  into  the  a>sophnguB  of  a  Horse,  from  which  he  drew  the  nlimentarj  bolua  aa  it 
descenilcd ;  mid  on  wpighiiig;  it,  he  found  that  by  the  itiibibition  of  snliva  it  had  increased 
tleven  fold.  He  next  tied  Whnrtoii's  duct,  and  found  that  the  animal  required  41  minuten 
to  tnasticnte  what  bad  previously  required  only  9  minutes:  und  the  niaiis,  when  withdrawn 
(Vom  tlie  oesophagus,  was  covered  with  mucus  and  a  glutinous  fluid,  the  interior  b«ing  dry 
and  friable,  and  the  whole  increaj^cit  in  weight  only  lAree  and  a  half  times. — An  inu-restiDg 
fact  in  Comparative  Aaalomy,  which  fully  con&rmB  the  results  of  the  above  observations, 
has  recently  been  brought  to  Ugbl  by  Prof.  Owen  ;  for  he  has  RHcertJiined  that  iu  the  Greiit 
Ant-eater  {Myrmecopkagn  jubata),  whose  enormously  elongated  tongue  is  kept  inoiet  by  * 
large  <iuflntity  of  a  peculiarly  viscid  saliviv,  for  the  purpose  of  entroppiug  its  prey,  Ibe  Pa- 
rotid gland  is  of  no  unusual  size,  whilst  the  Submnxillary  glntid  extends  not  only  along  a 
great  part  of  the  elongated  jaws,  but  batkwards  into  the  neck. 

*  Of  the  recent  rescnrchea  by  Ludwig,  on  the  influence  of  the  Nervous  system  on  the 
accretion  of  aalivo,  au  account  will  be  given  iu  vuxp.  xv. 
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ponred-fortb  will  in  i\  great  decjree  depend  upon  the  duration  of  these  move- 
ments,—  this,  again^  being  governed  by  the  degrei;  in  which  the  fo'^d  requires 
mechanical  reduction.  It  is,  caicul.at«d  by  MM.  Bidder  and  Schmidt,  that  the 
aremge  in  Man  is  at  about  3 ^  poundH  daily;  and  high  as  this  estimate  seems, 
jet  it  is  based  on  data  apparenily  satisfactory. 

93.  There  can  be  no  doubt  that  one  moat  important  action  of  the  Saliva  upon 
the  food,  consists  in  preparing  it  for  the  ehemical  operations  to  which  it  is  to  be 
afierwards  subjected  ;  by  promoting  its  mechanical  reduction  in  the  act  of  ma.«ti- 
cation,  aad  by  facilitating  the  f^ubsequent  admixture  of  other  watery  fluids, 
through  the  intimacy  with  which  it  is  inc^rponit^d  with  the  itliroentury  matter. 
Bat  there  can  be  no  doubt  that  the  pecuiiiir  ferment  of  the  saliva  bu.s  itself  a 
chemical  action  upon  the  farinaceous  elements  of  foodj  for  it  has  been  oxperimen- 
tally  proved  to  have  the  power  of  converting  starch  or  dextrin  into  gnipe-sugar. 
This  power  is  not  peculiar,  however,  to  the  Saliva;  for  M.  Bernard  has  shown 
that  many  azotized  substances,  in  a  state  of  incipient  decomposition,  exert  a  simi- 
lar agency :  still  it  appears  to  be  possessed  by  ptyalin  in  a  mueh  greater  degree 
than  by  any  of  these  (save  the  pancreatic  fluid,  which  resembles  saliva  in  this 
property),  the  transformation  of  starch  under  its  influence  commencing  imme- 
diately, and  continuing  energetically  until  it  is  entirely  effected;  whilst  in  other 
cases,  it  is  a  work  of  much  longer  time,  as  the  compiirative  experiments  of  MM. 
Bidder  and  Schmidt  (Op.  cit.)  nave  fully  dfniooatrated.  It  further  afipears  from 
the  very  ingenious  researches  of  these  enijuireri*,  taken  in  connection  with  the 
previous  results  obtained  by  M.  CI.  Bernard,  thai  the  secretion  of  neither  pair  of 
salivary  glands  is  by  itself  effectual  in  producing  this  change,  but  thut  an  admix- 
ture of  the  buccal  mucus  is  requisite  for  the  generation  of  the  peculiar  'ferment.'' 
This  transforming  process  is  not  chet-ked  (iis  is  usually  supposed)  on  the  passage 
of  the  fooi]  into  the  stomach ;  fur  although  it  bus  been  usually  stated  that  an 
alkaline  condition  of  the  fluid  is  neccfisjirj  ibr  the  operation  of  the  '  ferment,'  yet 
it  haa  been  shown  by  Freriehs,  Jacubowitsch,  Lehmaun,  Benee  Jones,  and 
Scbrteder,  that  this  action  continues  in  the  stomach,  notwithstiinding  the  acid 
condition  which  the  Salivary  fluid  then  acquires  from  adrnixture  with  the  gastric 
fluid.' — No  satisfactory  evidence  ha.s  yet  been  obtained,  that  the  Saliva  has  any 

•  White  it  in  eertaio,  however,  thftt  an  idroixturc  of  the  secretion  of  the  flubmnxillary 
glands  with  the  buccal  mucus,  forma  an  eflectire  saliva,  it  itt  doubtful  whether  the  secre- 
tion of  the  parotid  gland,  ereu  when  mingled  with  buccal  mucus,  Ofto  exert  nnj  special 
action  upon  alarch :  the  rcaulUi  of  the  exporimeuta  of  M.M.  Bidder  and  Schmidt  having  led 
them  to  believe  that  it  cannot,  whilst  those  of  Jiicubowtlsch  conducted  him  to  an  ufBrma- 
tire  conclusion,  and  those  of  M.  CI.  Demard  l«d  him  to  regard  the  buccal  mucus  as  by 
itoelf  the  csaential  agent  in  the  transformation.  Tbis  point,  therefore,  recnaina  to  be  set- 
tled by  farther  iovestigntion. 

*  The  po»itive  evidence  of  these  experiments  raust  be  admitted  as  more  than  counter 
balanoiDg  tlie  negative  results  uf  MM.  Didder  and  Schtnidt.  Tbo»<c  of  Sclircedtr,  in  par- 
ticolor,  contuned  in  bia  Inangural  Dissertation  "  Succi  Gnetrici  ITumttui  Vis  l)i|;eativa," 
(D«rpati  Livunorum,  18o3),  are  peoultarljr  valuable  as  having  been  rande  on  the  Human 
■abject  (in  a  case  of  gastric  fistula) ;  while,  ns  those  of  Bidder  and  8cbmidt  were  made 
upon  Hogs,  the  negative  result  wbich  the;  obtained  may  be  fairly  attributed  to  the  iuierior 
traoBforminf;  power  of  their  salivary  ferment,  and  the  stronger  acidity  of  their  gastric  fluid. 

[Cxperiinenia  made  upon  Starch  out  of  the  body  go  to  ebow  the  necessity  for  an  alkaline 
condition  of  the  Saliva;  for  if  this  secretion  be  mixyd  with  boiled  Starch,  the  Tincture  of 
Iodine  will  at  first  reveal  the  prei^ence  of  thiit  substance ;  i^hurtly  after  the  same  test  abowa 
the  presence  of  Dextrine  by  producing  a  red  precipitate;  and  subsequentty  the  application 
of  Trommcr'fl  test  declares  the  prestuce  of  glucose.  Out  if  the  sativa  be  previously  ren- 
dered slightly  Hcid  by  the  addition  of  a  small  quantity  of  Cblorohjdric  acid,  none  of  tha 
abcT«  changes  take  place,  and  Trommer's  test  shows  only  the  presence  of  the  black  Oxide 
of  Copper. 

Some  experimenti  recently  performed  by  Prof-  J.  C.  Dalton,  of  New  York  (Araer.  Jour, 
of  Sled.  Sviencea,  Oct.,  18.^4),  oonlirm  Bernard's  observations  in  relation  to  the  non-con- 
tersion  of  starch  in  llie  stomfich.  Either  cooked  or  row  starch  introduced  Into  the  stomach 
«f  a  dog,  is  easily  recnjjtiinuMe  by  its  rcaetinn  wifh  htilirio,  ten.  fiftrcn,  iind  t«reiay  miautea 
rds.      In  forty-tive  miuutea  it  is  dimiaiglicd  in  'vuantity,  and  in  one  hour  has  almost 
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chemical  action  upon  azotized  sabstanccs;  and,  consequently,  as  reorards  these 
oonstituentB  of  the  food^  ita  operation  must  be  ronsfdered  aa  purely  physical.  We 
shsll  £nd  that  a  diflereiit  jiecretion  is  provided  for  their  transfonnatioD,  which  has 
no  nctioD  upon  fiirinaceous  matter.' 

94.  On  its  entrance  into  the  Stomach,  the  food  is  subjected  to  the  operation 
of  the  Gastric  Juice,  which  is  secreted  by  the  follicles  in  its  walls,  or  by  a  certain 


Fta.  19. 


Fib.  10. 


r- 


^'■M^ 


»4 


■  I  o{  the  JfueotiM  CopillAry  network  of  tbe  lining  metnbrand 

MumbiaHe  u/  lUe  Simnach,  n«ar  of  the  .^tonacA,  witlt  the  orifieet  ot  Oit  gaalric 

the   pylorus;  —  a,   tatignMtA   8  /oUiefet. 
times ;  t,  magnified  2(1  cim«i. 

part  of  them.  This  fotlicuiar  apparatus  is  extremely  extensive,  and  niakes-up 
I  Ik*  chief  part  of  the  thicktieas  of  thu  pastric  niucoua  membrane.  If  this  be  divided 
by  a  section  perpendicular  to  the  surface  (Fig.  18),  it  is  seen  to  be  aliBost  entirely 
cfitnposcd  of  a  iiiuUiiude  of  parallel  tubuli  closely  applied  to  each  other,  their 
ca^cal  extremities  abtitting  against  their  submucous  tiissuc,  and  their  open  ends 

inTariabl;  di&nppearfld;  bat  no  sugar  is  to  be  detected  at  anj  time.  Gastric  juice  ontsida 
the  bcKly,  produciw  the  eame  effect  as  the  ortiiiciallj  acidulated  aaliva,  aa  is  atao  proved  by 
the  ftction  of  Tincture  of  Iodine.  —  £i>.J 

'  An  excellent  HummBry  of  the  atate  of  our  kuowleilge  (up  to  that  date)  of  the  charac- 
ters and  offices  of  the  SaliTa,  was  giren  by  Dr.  Bcuce  Jones  in  tho  "  Medical  Times"  for 
May  81,  1851.  An  account  of  M.  Bernard's  researches  will  he  found  in  the  "Atner. 
Journ.  of  Med.  8ci.,"  Oct  1851,  and  also  in  the  "  lirit.  and  For.  Med.-Chir.  Rev.."  toI. 
liii.  p.  54.  The  Second  Volume  of  Prof.  Lehinann's  Physiolopical  Chemistry  aUo  contaias 
a  large  atnouut  of  iriforniation  on  this  euliject.  But  the  most  recent  general  summary, 
cnntainiiig  nu  analysis  of  MM.  Bidder  and  Schmidt's  resutts,  and  a  comparison  of  them 
with  those  of  other  experimenters,  is  that  given  by  Prof.  Day  in  the  *'  Brit,  aud  For.  Med.- 
Chir.  Rev.,"  vol.  lii.  [>[).  167  et  acq.  —  .Among  the  most  important  special  contributions  to 
the  chemical  and  physiological  history  of  the  Saliira,  not  previously  referrcd-to,  are  those 
of  Louche,  by  whom  the  discovery  of  its  power  of  transforming  starch  into  sugar  was  first 
made  ("  Kastner's  .Arehiv.,"  1881,  quoted  tn  MliHer'a  "Elements  of  Physiology,"  p.  677), 
Mialhe  ("  Mt'fmuire  »ur  la  digestion  et  rassimilation  des  inatit^res  nmylnides  et  Bucrics, 
1840"),  and  Tilanua  i  "  De  Saliva  et  Muco,"  disa.  inaug.,  •Amstelod,"  1849). 
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»  being  directed  towardfl  the  cavity  of  the  stomach.  Betwceo  the  tubuli,  blood 
vessels  pass-up  from  the  submucous  tissue,  and  form  b  vascular  net-work  on  its 
furfaoe,  in  the  interspaces  of  which  the  orifices  of  the  tubes  aro  seen  (Fig.  19). 
These  tubular  glands,  however,  have  not  everywhere  the  aam&  structure.  In 
that  which  may  be  considered  as  their  most  characteristic  form,  and  which  pre- 
Bcnta  itself  over  the  greater  part  of  the  area  of  the  uierabrane,  the  wide  open 
orifice  leads  to  a  pit  of  no  great  depth  (Fig.  !iO,  ri),  lined  by  cylinder-epithelium 
rewmbling  thai  of  the  surface  with  which  it  is  cnntinoous;  and  from  tlie  bottom 
of  this  pit.  two  or  more  passages  (&,  b)  branch-off,  still  lined  by  cylinder-epithe- 
lium, which  speedily  subdivide  into  the  proper  glandular  cajca  (c,  c).  Each  of 
th«0e  iMDCtt,  when  sufficiently  magnified  (Fig.  21),  is  fuuud  to  be  composed  of  a 


Fio.  20. 


Fio.  21. 


Fjo.  20.  Peptic gurtrie gland /  —  a,  common  trunk; 
b,  b,  ita  chier  bruiobe« ;  e,  c,  t«niiiiiiiJ.  oac&  iritb  >pb«- 
roidal  glaad-cells. 

Fro.  2L  Portions  of  one  of  the  ciccr  more  highly 
mngnifled,  ma  aeen  longituilinolly  (a)>  and  io:  tranirerse 
aection  (b)  ;  — a,  baaement  mernbrane ;  b,  large  g1a.n(lu- 
lar  cells;  e,  imall  apitbelinm-oeLli  surrouuding  the 
cavity. 

d^Hcikt^  basement-membrane  (a),  inflected  over  a  series  of  nparly  globulur  cells 
(M,  which  occupy  almost  the  wbole  cavity  of  the  tube^  and  which  contain  a  finely- 
praottlnr  matter ;  the  narrow  passage  lefl  vacant  in  the  centre,  however,  is  still 
(urroundcd  by  a  layer  of  epithelial  colls  (c),  whose  pinall  size  is  in  striking  con- 
tnst  to  the  large  dimensions  of  the  gland-cells.  When  a  transverse  section  is 
made  thmtigh  a  cluster  of  caeca  connected  with  a  single  external  oritice,  they  are 
f  lund  to  be  held-tngether  in  a  bundle  (Fig.  22)  by  the  interposition  of  areolar 
tissue,  a  thicker  layer  of  which  Burrounds  the  whole  fasciculus,  and  isulatcs  it 
from  others ;  whilst  between  the  cseca  are  observed  the  orifices  (n,  a)  of  the 
divided  capillary  vessels  which  pass-up  amongst  them.  —  A  different  type  of  glan- 
dular structure  frequently  presents  itself,  however,  especinHy  near  the  pylorus; 
for  the  superficial  oritice  leads  into  a  long  and  wide  follicle  (Fig.  2.H,  a),  lined 
wi»b  eylinder-epilhcliutn,  and  branching-out,  as  it  approuches  Ine  submucous  tis- 
sue, iato  a  small  number  of  short  follicles  (h,  &},  still  lined  by  an  epithelium  of 
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the  same  kin  J.  The  difference  between  these  two  forms  has  been  distinctly 
made-nut  ifi  the  Dn<:,  Pig,  and  other  Mamtnulia;  it  has  not  yet  been  recognized, 
however,  in  Man,  although  its  exisk'nce  is  probuLle.  —  No  positive  statement  can 
be  made  with  regard  to  the  relative  functions  of  these  two  ordera  of  gl&ndulx; 
hut  there  appears  strong  reason  to  regard  the  first  of  them  as  the  instrument  of 
the  accretion  of  gastric  fluid,  while  the  office  of  tlio  sceond  is  simply  to  furnish 


Fio.  22. 


[Fio.  24. 


Fxfl.  23.     TruiTcna 

BeotioQ  pauin^  though  a 
cluster  of  gajilrio  cwctL, 
■eparateii  nnd  tnrrouadied 
by  Qbruua  tiAsue ;  a,  a, 
orifiees  of  divided  oapU- 
larieg. 

Fio.  23.  MueoM  ga»- 
trie  ghtiid,  wilh  tylinder- 
epilholiuin;  a, wide  trunk; 
b,  b,  ita  caoal  appeadmgea. 


Horitotital  section  of  a  stomaeli- 
ocll,  a  little  way  within  ita  orifice. 
a.  Bajicment  iDembrnne.  b.  Co- 
lutuDBT  epitbelium.  All  but  the 
oeotre  of  tho  cavity  of  the  cell  ii 
occupied  by  trunoparent  munu, 
which  aeema  to  have  ooted  from 
the  open  extremitiea  of  the  epi- 
thelial parlicloa.  c.  Fibrous  ma- 
trix aurrouDding  and  supporting 
thebaaemeDtiiiembraDO.  <<.  Small 
blood-TesseL] 


mucus  for  the  protection  of  the  merabrane.  For  in  the  Pig,  in  which  the 
liuiitation  of  tbe  two  kinds  of  glandg  to  particular  regions  of  the  etomaeh  (the 
former  to  tbe  great  curvature  and  the  middle  portion,  the  latter  to  the  pyloric 
portion,)  is  well  marked,  it  has  been  found  by  the  experiments  of  ZoU  and  KoJli- 
ker,  thai  only  the  follicles  with    lobular  cells  furnish  a  fluid  possessing  an  acid 

Fi».  25. 


WMf?  <#^ 


AppcBxance  of  the  Hning  memHrane  of  the  Stomttch,  in  nn  lnjepl4?d  proparfttion  ;  —  a, 
from  tlie  convex  sarfnce  of  ibe  rugie  ; — n,  from  the  tieighbourhnod  of  I  ho  pylorus,  where 
tho  urificea  of  the  gastrio  falliolea  occupy  the  inienipaceG  of  the  deepest  portions  of  the 
TAficalar  network. 

reaction  and  a  solvent  power  for  protein -com  pounds,  the  secretion  of  the  follicles 
lined  by  cylinder-epithelium  being  do.'^titute  of  both  these  propertiee,  but  agree- 
ing with  ordinary  mucus.  It  appears,  moreover,  that  whilst  the  cvlinder-epitbc- 
liam  13  continually  in  course  of  exuviation  and  renewal  (the  coating  of  mucus 
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being  apparently  furnished  bj  tho  disintegration  of  its  cells),  the  glandular  epi- 
thelium is  roore  permanent j  tie  peculiar  contents  of  ita  cells  being  probably 
drmwn-in  by  them  from  the  surroundiog  blood,  and  being  dicchai^d  by  transu- 
dation into  the  central  passage  of  each  caBCum,  without  any  frequent  renewal  of 
the  cells  themselves.'  According  to  M.  CI.  Bernard,  when  the  stomach  is  empty, 
the  cylindrical  epithelium  which  lines  them  complotely  blocks-op  their  orifices 
(Fig.  24),  so  that  during  fasting  these  appear  aa  slightly-prominent  papillte;  but 
when  the  secretion  of  gastric  fluid  commences,  this 
tpitbelium  is  cast-forth  by  the  pressure  from  beneath.*  t^io.  26. 

[In  the  production  of  these  secreting  celia  minute 
granulca  appear  to  bo  generated  at  the  deeper  part 
of  each  gland ;  two  or  more  of  these  granules,  groufK 
iog  together,  form  nuclei,  and  are  developed  into  nu- 
cleated cells.  In  those  parts  of  the  gland  which  are 
nearest  to  the  free  surface,  secondary  cells  are  deve- 
loped without  the  primary  ones;  the  walls  of  the 
latter  then  appear  to  coalesce  and  form  the  proper 
membniae  of  the  gland,  while  the  new  generation  of 
celb,  filled  with  gastric  fluid,  are  discharged  and 
mixed  with  the  food  in  the  stomach  (Fig.  26). 

According  to  Bernard,  the  elaboration  of  the  gastrio 
fluid  in  these  cells  seems  to  be  completed  only  when 
they  reach  the  surface,  for,  according  to  this  observer, 
the  mucous  membrane  is  not  acid  a  little  below  the 
nirfaoe.  It  ha»  been  suggested  by  Dr.  Brown- 
Sequsrd,  however,  that  these  glands  may  be  con- 
oemcfd  in  the  elubonition  of  some  other  constituent  of 
the  gastric  juice — the  pepsin,  for  instance ;  while  the 
■cid  constituents  are  developed  by  some  of  the  other 
follicles  that  stud  the  mucous  membrane  of  the 
stomach. —  Ed.]  The  interior  surface  of  the  sto- 
mach, though  thrown  by  contraction  when  the  viscus 
is  empty  into  irregular  folds  or  rugso  (Fig.  26,  a),  is 
dettitute  of  those  villous  prolongations  which  are  so 
peculiarly  characteristic  of  the  mucous  surface  of  tho 
intestines;  near  the  pjlorio  oriJice,  however,  rudimentary  villi  present  them- 
selves (b).*  [Mr.  Erai<mus  Wilson*  has  recently  dci^cribed  the  mucous  membrane 
of  the  alimentary  canal  as  presenting  two  apparent  differences  of  structure,  to 
which  have  been  applied  the  names  rcekuhtttd  and  villous.  The  villous  pro- 
longations are  seen  in  Fig.  32.  The  reticulated  is  so  named,  from  presenting  a 
Eor^oe  made  up  of  small  cells,  the  walls  of  which  are  formed  by  prominences  on 
its  surface,  and  not  depressions,  as  usually  described  ;  the  prominences  corre- 
sponding with  the  villous  prolongations,  and  the  fioor  of  the  cells  with  the 
ground  surface  of  the  membrane  (Figs.  27  and  31).  An  analogous  structure  is 
seen  in  the  refiru/um,  or  honey-comb  stomach  of  the  ruminant. 

In  the  stomach,  Mr.  Wllfjoo  describes  the  reticular  arraugemetit  as  eitcnding 
over  its  whole  surface,  in  this  particular  diffi^ring  from  the  observations  of  Dr. 
Neil],  who  has  pointed  out  the  reticular  appearance,  as  found  most  distinctly  in 
tho  cardiac  end  (thus  suggesting  an  analogy  with  the  niminnnt),  while  towards 
the  central  portion,  and  in  the  pyloric  extremity,  the  walls  of  the  cells  become 

'  Tbe  beat  account  of  the  ttmetare  of  the  mucous  membrane  of  the  stomach,  and  of  the 
ga«tric  glands,  is  given  by  Mcflsrs.  Todd  and  Dowmnn,  "  Ph^motugicftl  Anatomy,"  vol.  ii. 
pp.  IW  «t  8eq.:  and  by  Prof.  Kolliker,  "  Mikroakopiscbe  Anatomic,"  band  ii.  ij  103. 

*"'Ga«««tte  M6dicale,"  Mars,  1848, 

■•This  fact  wa«  first  brought  into  prominent  notice  by  Dr.  Neill,  in  hia  Memoir  "On 
"iStraotnre  of  the  Mucoaa  Membrane  of  tbe  Uumau  Stomach,"  iiU  the  "Anier.  Journ.  cf 
8eL/'  Jan.,  1851. 

*  [LocMioD  Med.  TlmM  and  Gat.,  Feb.  3,  1B55.] 


'^; 


One  of  the  tnbuUr  folliolea 
of  the  pig'a  stomach,  ailer  Wos- 
Diunn,  cut  obUi]a<<ly,  so  u  to 
dlgpliiy  tbe  upper  part  vf  tlio 
cutUj,  wilb  tho  cylindrical 
epilbelium  rormiof;  its  wnllj. 
At  the  lower  part  of  the  folli- 
cle, the  external  iiat^Ieated  ex- 
tremities of  the  cyllnden  of 
epithelium  are  leen.] 
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A  portion  of  the  mucouK  mcmbniDe  of 
the  Btrttuach  magnified  eoveDty-flve  time«. 
The  «Weolt  nieRsnred  ^Aif  of  an  inch  in 
length,  by  ^jff  lo  breadtli;  tb*  nidtb  of 


at  the  bottom  of  each  atvcolur,  and  in  (he 
deprossiuna  between  the  diriciooB  of  the 
artery,  the  apertures  of  the  posiria  folli- 
cles J  two,  three,  or  fonr  in  each  depresaion.} 


[Fio.  27.  converted  into  villous  prolongations   (Fig. 

25).  The  dopth  of  the  septa,  or  in  other 
iTorda  the  projection  of  the  reticular  frauje, 
18  about  »^^  of  an  inch,  and  their  breadth, 
that  is  the  thiekni'^s  of  (he  septa  divested 
of  epithelium,  is  about  j^'ojj  of  an  inch. 
Id  structure  the  reticulum  is  composed  of 
a  fold  of  the  limitary  membrane,  contain- 
ing the  transparent  prannlar  substance  of 
surface  of  the  coriuni  and  a  plexus  of  the 
capillary  vssels.  The  capillary  plexus  of 
the  reticulum  is  single,  a  di&posiJioti  which 
tbe'iepta  being  xAo  of  «"  inch.  The  probably  determines  the  thit'knesa  of  the 
»niBl1er  alveoli  mcaeurcd  ^^j  of  an  tucb  in  BCpta.  Its  niesliea  are  larpc  and  open,  and 
length,  and  jIn  >n  breadth.    The  trifid  or    the  vessels  flexuoug  and  serpentine  in  their 

quadrifid  diviiiion  of  B  email  arury  is  seen     cOUrse.        The     border    of    the    Beptum    is 

formed  by  a  capillary  vessel,  which  some- 
times runs  in  a  straight  direction,  and 
forms  an  even  rim  to  the  mouth  of  the 
alveoli,  like  that  of  a  honey-comb,  some- 
times forma  abrupt  carves  and  loops,  which  project  before  them  the  limitary 
membrane  and  give  rise  to  flat  papillaj.  These  fiat  papillae  are  chiefly  found 
at  the  angles  of  the  reticulum,  and  their  existence  in  numbers  gives  a  fringed 
appearance  to  the  rims  of  the  ulveoli.  At  the  bottom  of  the  reticulum  arii  wen 
the  orifices  of  the  gastric  follicles,  generally  three  in  number.  The  openings  of 
the  gai*tric  follicles  are  described  by  Mr.  Wilson  as  being  oval  in  shape,  about 
T  An  °^  ^^  '"'^'^  *°  diameter,  and  disposed  irregularly  in  the  foveolre,  which  ore 
formed  by  the  rete  of  capillary  vessels  in  the  floor  of  the  alveolus,  two  or  three 
in  each;  so  that  the  entire  number  of  gastric  follicles  opening  into  each  alveolus 
would  amount  to  from  six  to  twelve. 

In  regard  to  the  seat  of  secretion  of  gastric  juice,  M.  Bernard's  experimenla 
show  that  it  is  mainly  in  the  pyloric  extremity  of  tho  stomach,  as  proved  by  the 
following  experiment.  On  introducing  into  the  jugular  vein  of  one  side  some 
cyanide  of  potash,  and  into  tho  other  the  proto-sulphate  of  iron,  both  in  solution, 
they  pass  through  the  circulation  without  combining;  the  absence  of  combination, 
as  he  he!ieves,  depending  upon  the  presence  of  the  albumen  in  the  blood.  Should 
atmospheric  air  be  present,  however,  or  the  albumen  be  destroyed,  the  combination 
ttikes  place  immediately,  and  the  pmssiate  of  iron  is  formed.  In  the  free  secrc' 
tions,  one  of  the  conditions  of  combination  is  fiupplied  when  atmospheric  air  ia 
present.  M.  Bernard  observed,  on  examining  the  stomach  of  a  dog,  into  whose 
jugulars  he  had  injected  the  solutions  above  mentioned,  that  the  mucous  membrane 
of  the  gtoniach  wns  of  the  normal  colour,  except  near  the  pylonis  and  over  the 
hepatic  portion,  where  it  was  of  the  deep  blue  of  the  prussiate  of  iron ;  the  result 
of  the  union  of  the  two  substances  in  the  gastric  juice  as  it  was  poured  out. — Ed.' J 
95.  Tlie  nature  and  composition  of  the  Gastric  Juice  which  ia  secreted  and 
poured-forth  by  the  peptic  follicles,  have  been  the  subjects  of  much  discussion 
among  Chemists ;  and  though  certain  points  may  be  considered  as  satiatactorily 
determined,  there  are  others  which  still  remain  doubtful. — This  liquid,  when  ob- 
tained without  admixture  with  saiiva,  is  clear,  transparent,  colourless,  or  slightly 
yellow,  and  has  very  little  viscidity.  Microscopic  examination  indicates  the  per 
sistence  of  a  few  of  the  cells  exuviated  from  the  interior  of  the  gastric  follicles; 
but  these  for  the  most  part  leave  no  other  traces  than  their  nuclei  and  a  fine 
molecular  matter  arising  from  their  disintegration.  The  proportion  of  solid  matter 
which  the  Gastric  Juice  contains,  and  the  proportion  which  its  chief  organic  con- 
etituent — tha  jirpKin  or  '  ga.<4tric  fertnont'  —  bears  to  the  inorganic  residue,  seem 
to  vary  greatly  in  different  animals.  The  following  tiible  gives  the  average  drawn 
'  Donaldson  on  Bernard's  recent  discoterioB,  Ainer.  Juur,  Med.  Sci.,  Oct.  1861. 
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by  HnbbeDet  (a  pupil  of  Bidder  and  Schmidt)  from  bis  analyses  of  the  gastrio 
flaid  of  the  "Dog  and  Sheep,  and  that  of  Gruenewaldt  and  Schroeder'  from  two 
analyses  of  Hanum  gastrio  juice : — 


Water ^ 

Solid  residno 

DoaA, 
without 
MOira. 

VogB, 

mixnd  with 

•allra. 

Shttp, 

mixed  with 

mUts. 

mixed  with 

•lOiTS. 

978  062 
26-938 

971-171 
28-829 

986147 
18,868 

994-404 
6-696 

Ferment  ixr  pepsin. 

Inornnio  nattcra 

17-127 
9-811 

8050 
1126 
2-507 
0-624 
0-468 
1-729 
0  226 

0-082 

17-886 
11-498 

2-877 
1-078 
8-147 
1-661 
0687 
2-294 
0-828 

0121 

4  066 
9-798 

l"-284 
1-618 
4-869 
0114 
0-478 
1-182 
0-577 

0-881 

8-196 
2-401 
0-200 
0-550 
1-464 
0062 

0-126 

Free  Hydrochloric  acid 

Chloride  of  potassiam 

Chloride  of  sodiam 

Chloride  of  calcium 

Chloride  of  smmoninm.... ••>...... 

Phoephate  of  lime 

Phosphate  of  magnesia. 

Phosphate  of  iron 

Potass  onitwl  with  orgaoie  mat- 
ters  

96.  The  most  charactGristio  feature  of  the  Gastric  Juice  is  its  decided  acidity^ 
wbieh  is  very  perceptible  to  the  taste.  With  regard  to  the  nature  of  the  acid, 
boweyer,  there  has  been  much  discrepancy  of  opinion  amongst  Chemists;  for, 
simple  as  the  problem  of  its  determination  might  seem,  yet  it  is  complicated  by 
the  very  peculiar  property  which  lactic  acid  possesses,  of  decomposing  the  alkaline 
chlorides  at  a  certain  elevation  of  temperature,  the  degree  being  partly  determined 
by  tbe  strength  of  the  solution.  Hence,  supposing  lactic  acid  to  be  present  in 
the  stomach  with  chloride  of  sodium,  the  fluid  which  passes-over  by  distillation 
will  at  first  be  destitute  of  hydrochloric  acid ;  but,  as  the  liquor  becomes  more 
ooDOCDtrated,  and  the  temperature  rises,  hydrochloric  acid  will  appear.  This,  it 
has  been  alleged  by  Bernard,  R.  D.  Thomson,  Lehmann,  and  other  Chemists,  is 
tbe  true  source  of  the  Hydrochloric  acid  which  may  be  always  obtained  from  the 
gastrio  juice  by  this  method ;  and  it  is  affirmed  by  them  that  Lactic  acid  is  the 
real  agent  in  the  solvent  process  to  which  that  fluid  is  subservient,  the  presence 
of  free  Uctio  acid  in  the  stomach  having  been  determined  by  other  means.  But 
bowever  true  this  conclusion  may  be  in  regard  to  dogs  and  pigs,  which  are  the 
animals  that  have  been  chiefly  experimentcd-on  for  this  purpose,  it  is  question- 
able how  fax  it  is  fairly  applicable  to  Man.  In  the  first  place,  the  great  readiness 
with  which  hydrochloric  acid  was  obtained  by  Prof  Dunglison  from  the  pure 
gastrio  fluid  drawn  from  the  stomach  of  Alexis  St.  Martin,  and  the  fact  that  the 
smell  of  bydrochlorio  acid  might  be  distinctly  recognized  in  the  fresh  juice,'  are 
strong  eridences  in  favour  of  the  belief  that  (as  originally  maintained  by  Dr. 
Pnrat)  free  hydrochloric  acid  is  present  in  this  fluid,  and  that  it  is  the  principal 
if  not  the  only  source  of  its  acidity.  And  an  opportunity  having  been  afforded 
to  Dr.  Benoe  Jones,  of  obtaining  a  fluid  continually  vomited  iu  large  Quantities 
from  the  stomach  of  a  patient  affected  with  Sarcina  ventriculi,  and  this  fluid, 
which  presented  all  the  ostensible  characters  of  Gastric  juice,  having  been  placed 
in  the  hands  of  Prof.  Graham  for  examination,  this  distinguished  Chemist  has 
•oooeeded  in  separating  hydrochloric  acid  from  it  by  his  method  of  '  liquid  diffu- 
sion,' which  is  not  open  to  the  objection  that  applies  to  distillation ;  and  although 
be  has  found  free  lactic  acid  to  be  also  present,  its  quantity  is  comparatively 


*  **  Sncta  Oastrici  Humani  Indoles,"  &e..  Dissert.  Inang.  Dorpati.,  1868. 

*  See  Prol  Donglison's  "  Human  Phjsiology,"  7th  edit.,  voL  i.  pp.  586 — <*>■ 
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Bmall.'  The  truth  appears  to  be^  that  both  the  hydrochloric  and  lactic  acids  maj 
give  to  the  gastric  fluid  the  peculiar  solvent  power,  which  (as  will  be  presentlj 
ghowa)  it  pussessea  for  albuuunous  substances,  and  that  one  may  take  the  place 
of  the  otber;  so  that  wbikt  in  Man,  hydrochloric  acid  ia  the  chief  source  of  the 
acidity,  lactic  acid  may  be  so  in  the  dog  aud  pig.  Acetic,  butyric,  and  phos- 
phoric aoid»  have  also  been  occaBioitally  met-with  in  the  gastric  fluid;  but  they 
cau  scarcely  be  reckoned  auioiij^  its  uormal  coustituenta. 

97,  The  peculiar  organic  'ferment'  of  the  Gastric  juice,  to  which  the  name 
of  I^rpnn  bus  been  given,  waa  first  obtained  in  an  isolated  state  by  Wasmant ; 
wbo  bus  giveu  the  fuUowing  accuiintof  the  properties  and  reactions  of  that  which 
be  procured  from  the  mucous  tneiiibrane  of  the  stomach  of  the  Pig,  which  greatly 
resembles  that  of  Man.  When  this  metiibranc  is  digested  iu  a  large  quantity  of 
water  at  from  85*  to  95"^,  many  other  matters  are  removed  from  it  besides  pepsin; 
but  if  this  water  be  poured-off,  and  the  Jigeation  be  continued  with  fre^h  water 
in  the  cold,  very  little  but  pepsin  is  iben  taken-up.  IVpsin  appears  to  be  but 
sparingly  soluble  io  wuter;  when  its  Eolutioo  is  evaporated  to  dryness,  there 
Tvniaina  a  brown,  greyish,  viscid  mass,  with  the  odour  of  glue,  and  having  the 
appearance  of  an  extract.  The  solution  of  tbia  in  water  is  turbid,  and  still  poa- 
eessea  a  portion  of  the  oharacteriBtic  power  of  pepsin,  but  greatly  reduced, 
AV'heu  strong  alcohol  h  added  to  a  fresh  solution  of  pepsin,  the  latter  is  precipi- 
tated in  white  flocks,  which  luuy  be  collected  on  a  filter,  and  produce  a  grey  compact 
luasB  when  dried.  Pepsin  enters  into  choniical  combtDation  with  many  acids, 
forming  compounds  which  etill  redden  litmus  paper,  and  it  is  when  thus  united 
with  acetic  and  muriatic  acids,  that  its  solvent  powers  are  the  greatest.'  [Pepsin 
resembles  albumen,  as  stated  by  Kobin  and  Verdeil,  io  being  coagulated  by  heat; 
and  Dr.  Ihilton  asserts  that  Lehmann  and  Frericha  are  certainly  in  error  when 
they  declare  the  contrary ;  an  error  into  which  they  have  perhaps  been  led 
by  regarding  as  true  gastric  juice  an  unnatural  fluid,  obtained  by  irritating  the 
stomach  with  indigestible  substances,  pebbles,  pepper-corns,  &c.  The  coa^^ulum 
thrown  down  on  boiling  fresh  gastric  juice  is  not  albumen,  as  Lehmann  intimates, 
since  it  is  not  precipitated  by  cither  nitric  acid,  or  ferrocjanide  of  potassium  j 
and  after  gastric  juice  has  been  boiled  and  filtered,  it  has  lost  its  digestive  power, 
though  its  acid  reaction  still  remains.  Kd.] — The  general  result  of  later  re- 
searches has  been  to  confirm  the  views  laid  down  in  the  following  statement  of 
Wasmann's  inquiries.  "  In  regard  to  the  solvent  power  of  pepsin  lor  coagulated 
albumen,  it  was  observed  by  M.  Wasmann,  that  a  liquid  which  containa 
17-10, OOQtbs  of  acetate  of  pepwin,  and  6  drops  of  hydrochloric  acid  per  ounce, 
possesses  a  very  sensible  solvent  power,  so  that  it  will  dissolve  a  thin  slice  of 
coagulated  albumen  in  the  course  of  6  or  8  hours'  digestion.  With  12  drops  of 
hydrochloric  acid  per  ounce,  tbe  white  of  egg  is  dissolved  in  2  hours.  A  liquid 
which  contains  }  gr.  of  acetate  of  pepsin,  and  to  which  hydrochloric  acid  and 
white  of  egg  are  alternately  added,  so  long  as  the  latter  dissolves,  is  capable  of 
taking  up  210  grains  of  coagulated  white  of  egg  at  a  temperature  between  95** 
end  1U4°.     It  would  appear,  from  such  experiments,  that  the  Hydrochloric  acid 

'  For  hlfl  knowledge  of  this  fact,  the  Antlior  is  indebted  to  Prof.  Graham. —  TLat  Hydro- 
eblorio  acid  ia  the  source  of  tbe  aciditj  of  the  guBtric  juice  faas  al«o  fae«D  iauintain(?d  bj 
Enderlin  ("Canstatl'H  Jahresberiolit,"  1843,  p.  I4S<),  and  recently  by  Hiibbenet  ("Disqui- 
Bitionea  de  Suoco  Gaatrico,"  dies,  iaaug.,  Uorpat,  1^50),  hj  Bidder  and  Schmidt  ("Die 
Verilauungaaaefto  uad  der  Stoffwechael"),  and  by  Grueuewuldt  and  Schroeder  in  (heir 
Theaes  just  cited. 

*  It  has  been  supposed  by  Prof.  Schmidt  (of  Dorpat),  that  the  union  of  pepsin  with  theae 
and  other  acida  forms  a  'cottjuguted  ncid,'  which  posEcasea  the  property  of  forming  soluble 
aompounda  with  albuminous  aud  other  azotixed  aabslances;  but  the  existence  of  such  au 
acid  haa  not  been  deteruiiried  by  (h«  analyeis  of  any  combinntton  either  with  a  mineral 
baae  or  with  fin  albuminous  substance;  aud  the  Dumerous  experinipiits  which  have  be^n 
mode  by  Prof.  Lehmann  regarding  the  digestive  agents  and  substances  to  be  digeated  ijidi- 
eate  no  such  Jefiuitc  proportion  between  them,  na  this  view  of  the  conalitutioQ  of  the  former 
wouid  require. 
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18  the  true  solTent,  and  that  the  action  of  the  Pepsin  is  limited  to  that  of  (ftV- 
wmng  the  white  of  egg  to  dissolye  in  hydrochloric  acid.  The  acid  when  alone 
dissolyes  white  of  egg  by  ebullition,  just  as  it  does  under  the  influence  of  pepsin ; 
from  which  it  follows  that  pepsin  replaces  the  effect  of  a  high  temperature,  which 
is  not  poesible  in  the  stomach.  The  same  acid  with  pepsin  dissolved  blood,  fibrin, 
meat  and  cheese ;  while  the  isolated  acid  dissolved  only  an  insignificant  quantity 
at  the  same  temperature ;  but  when  raised  to  the  boiling  point,  it  dissolved  nearly 
88  much,  and  the  part  dissolved  appeared  to  be  of  the  same  nature.  The  epi- 
dermis, horn,  the  elastic  tissue  (such  as  the  fibrous  membrane  of  arteries)  do  not 
dissolve  in  a  dilute  acid  containing  pepsin.  M.  Wasmann  has  remarked  that  the 
pepsin  of  the  stomach  of  the  pig  is  entirely  destitute  of  the  power  to  coagulate 
milk,  although  the  pepsin  of  the  stomach  of  the  calf  possesses  it  in  a  very  high 
degreee ;  from  whicn  he  is  led  to  suppose  that  the  power  of  the  latter  depends 
upon  a  particular  modification  of  pepsin,  or  perhaps  upon  another  substance  ac- 
companying it,  which  ceases  to  be  formed  when  the  young  animal  is  no  longer 
nourished  by  the  milk  of  its  mother."' 

98.  It  is  only  when  either  alimentary  or  some  other  substances  capable 
of  exciting  irritation,  are  present  in  the  stomach,  that  this  acid  secretion 
is  poured  forth.  So  long  as  it  is  empty,  the  secretion  which  moistens  its 
walls  is  neutral  or  even  alkaline ;  but  as  soon  as  food  is  taken,  acid  is 
poured  forth,  and  this  in  increasing  quantities,  until  a  certain  time  after 
the  commencement  of  the  digestive  process,  when  the  acidity  of  the  stomach 
is  at  its  maximum.  In  proportion  as  the  alimentary  matter  is  dissolved, 
however,  and  is  either  at  once  absorbed,  or  escapes  through  the  pyloric 
orifice,  the  acidity  of  the  stomach  diminishes;  and  as  soon  as  its  cavity  is 
emptied,  the  secretion  of  its  walls  is  neutral  again.'  The  quantity  of  fluid  thus 
ponred-forth  from  the  walls  of  the  stomach,  may  be  approximately  estimated  from 
the  amount  of  albuminous  Aiatter  known  to  be  dissolved  by  it ;  but  the  result 
must  depend  upon  the  solvent  power  which  it  is  assumed  to  possess.  And  thus, 
whilst  liiehmann  considers  ikisAfour  pounda  daily  would  suffice,  it  is  asserted  by 
Bidder  and  Schmidt  that  from  fourteen  to  seventeen  pounds  daily  will  be  reauired. 
[In  the  excellent  paper  of  Prof.  Dalton,  before  quoted,  is  detailed  the  method  of 
determining  the  quantity  of  albuminoid  matter  dissolved  by  the  gastric  juice.  It 
was  first  ascertained  that  the  fresh  lean  meat  of  a  bullock's  heart  loses  by  desic- 
cation 78  per  cent  of  its  weight ;  800  grains  of  such  meat,  cut  into  small  pieces, 
were  then  digested  for  ten  hours  in  3i8s  of  gastric  juice  at  100  F.,  the  mixture 
being  gently  agitated  as  often  as  every  hour.  The  meat  remaining  undissolved 
was  then  collected  on  a  previously-weighed  filter  and  evaporated  to  dryness. 
When  perfectly  drv,  it  weighed  55  grains.  This  represented,  allowing  for  loss 
by  evaporation,  250  grains  of  the  meat  in  its  natural  moist  condition ;  50  grains 
of  meat  were  then  dissolved  by  3bs  of  gastric  juice,  or  a  little  over  80  grains  per 
oonoe. 

From  these  data,  it  is  further  stated,  we  can  form  some  idea  of  the  large  quan- 
tity of  gastric  juice  secreted  during  the  process  of  digestion.  One  pound  of  raw 
meat  is  only  a  moderate  meal  for  a  medium-sized  dog,  and  yet  to  dissolve  this 
quantity  ^supposing  the  whole  of  it  to  be  digested),  no  less  than  sixteen  pints  of 
gastric  juice  will  be  necessary.  This  quantity,  or  any  approximation,  would  be 
altogether  incredible,  if  we  did  not  recollect  that  the  gastric  juice,  as  soon  as  it 
has  dissolved  its  quota  of  food,  is  immediately  reabsorbed,  and  enters  the  circula- 
tion with  the  alimentary  substances  which  it  holds  in  solution ;  so  that  a  veiv 
laige  quantity  of  the  secretion  may  be  poured  out  during  the  digestion  of  a  meal, 
at  an  expense  to  the  blood,  at  any  one  time,  of  only  two  or  three  ounces  of  fluid. 
The  simplest  investigation  shows  that  the  gastric  juice  does  not  accumulate  in  the 

»  Prof.  Graham's  "  Elements  of  ChemiBtry,"  pp.  1081-1088. 
*  See  Dr.  Benoe  Jones,  in '"  Medical  Times,"  June  14,  1852. 
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Btomaoh  in  anj  considerablo  ijuantitj,  to  remain  there  until  the  solution  of  all  the 
food  has  becD  accomplbbed,  but  that  it  ia  graduallj  secreted  &o  long  as  anj  foo<i 
remains  undissolved ;  that  portioo  which  has  been  already  digeftted  being  disposed 
of  hy  reabsorption  with  its  solvent  fluid.  There  is  then,  during  digestion,  a  coa> 
8taut  circulation  of  giistric  juice  from  the  vessels  of  the  8toinacb,  and  from  the 
Btomach  back  again  to  the  vesfela.  Or,  perhaps,  as  the  author  further  remarks, 
it  would  be  more  correct  to  say,  thai  it  is  only  the  watery  portious  of  the  juice, 
butdiug  sometimes  in  solution  clie  digested  albumen  and  albuTnino.<)e,  that  perform 
thia  circulation;  while  its  acid  and  organic  ingredieots  remain,  very  possibly,  iu 
the  stomach,  ready  to  act  od  a  new  quantity  of  food,  aa  lliat  which  has  been 
already  digested  is  withdrawn  by  absorption.  That  tliis  ia  really  the  case  ia  de- 
dared  to  be  proved  by  the  following  facta.  First,  if  a  dog  bo  killed  some  hours 
after  taking  a  meal,  there  is  never  more  than  a  very  Email  <juantity  of  fluid  found 
io  the  stomach,  just  sufficient  to  pcitttrate  and  soiear  over  the  half-digested  pieces 
of  meat;  and  secondly,  in  the  living  animal,  gastric  juice,  drawn  from  the  sto- 
mach when  digestion  of  meat  has  been  going  on  for  six  hours,  contains  little  or 
no  more  organic  matter  in  solution  than  that  extracted  liftcen  to  thirty  minub 
after  the  introduction  of  food.  It  has  evidently  been  freshly  secreted  }  and, 
order  to  obtain  gastric  juice  saturated  with  alimentary  matter,  it  must  be  artifi- 
cially digested  with  food  in  test-tubes,  where  this  constant  absorption  and  reno- 
vation cannot  take  place.  —  Ei>.] 

99.  A  very  iuiportunt  series  of  observations  on  the  conditions  under  which  the 
Gastric  juice  is  secreted,  was  made  some  years  since  by  Dr.  Beaumont,  in  the 
remarkable  ease  of  Alexis  St.  Martin,  already  several  times  referred  to.'  "The 
inner  coutof  the  stomach  (as  seen  through  the  fi&tulnus  orifice}  in  its  natural  and 
healthy  state,  is  of  a  light  or  pale  pink  color,  var^'ing  in  its  hues,  according  to  its 
full  or  etupiy  state.  It  ia  of  a  soil  or  velvet-like  appearance,  and  is  constantly 
covered  with  a  very  thin,  transparent,  viscid  mueos,  lining  the  whole  interior  of 
the  orgau.  By  applying  aliment  or  other  irritants,  to  the  internal  coat  of  the 
stomach,  and  observing  the  elSect  through  a  magnifying  ghiss,  innumerable  lucid 
points,  and  very  fine  [nervous  or  vascular]  papillfe  can  be  seen  arising  from  the 
villous  membrane,  and  protruding  through  the  mucous  coat,  from  which  distils  a 
pure,  lintpid,  colourless,  slightly  viscid  fluid."  (The  papillae  here  described 
appear  to  be  the  orifices  of  the  gastric  foUiclea,  which  are  usually  closed  by  their 
epithelial  cells  during  faslttig,  and  which  would  seem  to  become  prominent  when 
the  vis  a  tenjo  of  the  secreted  fluid  first  causes  this  plug  of  cells  to  be  cast  forth.) 
''  The  fluid  thus  excited  is  invariably  distinctly  acid.  The  mucus  of  the  stomach 
is  less  fluid,  more  viscid  or  albuminous,  semi-opaque,  sometimes  a  little  saltidh, 
and  does  not  possess  the  slightest  charucter  of  acidity.  The  gastric  fluid  never 
appears  to  be  accumulated  in  the  cavity  of  the  stomach  while  fasting;  and  is  sel- 
dom, if  ever,  discharged  from  its  proper  secerning  vessels,  except  when  excited 
by  the  natural  stimulus  of  aliment,  luechanical  irritation  of  tubes,  or  other  ex- 
citants. When  aliment  is  received,  the  juice  ia  given  out  in  exact  proportion  to 
its  requirements  for  solution,  except  when  more  food  has  been  t.iken  than  is 
necesRiiry  for  the  wants  of  the  system."  —  The  observations  of  Dr.  Beaumont 
have  been  confirmed  by  those  of  M.  Blondlot'  and  of  M.  CI.  Bernard,*  which 
were  nmde  upj.in  Dogs  in  whose  stomachs  fistulous  openings  were  maintained  for 
s  length  of  time.  They  found  that  ibo  flow  of  gastric  fluid  is  more  excited  by 
pepper,  suit,  and  solubEe  stimulants,  than  it  is  by  mechanical  irritation;  and  that 
if  mechanical  irritation  be  carried  beyond  certain  limits,  so  aa  to  produce  pain, 
the  secretion,  instead  of  being  more  abundant,  diminishes  or  ceases  entirely j 
whilst  a  ropy  mucus  ia  poured-out  instead,  and  the  movements  of  the  stomach 

See  Dr.  DeKumoDt's  '''ExperimenLa   and  Observations  on  tbe   Gntitrio  Juice  and  tlia 
jrsiulogy  of  I}igeHtioii,"  repriritfil  with  uotcs,  by  Dr.  Andrew  Combe,  Ediub.,  1838. 

"Tmit^  Analjtique  de  la  Digestion." 
'  "  ArcbiT.  d'AiJAt.  iicn.  et  de  riiyaiol.,"  Jaa.  1846. 
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are  ooDsidonblj  iocreaaed.  The  nnicnal  at  tlic  same  time  appears  ill  at  ease,  is 
■gitatet),  has  tiaoeea,  and,  if  the  irritation  he  cnntiDued,  actual  vomiting;  and 
lile  has  been  observed  to  flow  into  the  stomach,  and  escape  by  the  fistulous  open- 
ing. Similar  disorders  of  the  fiinctions  of  the  stomach  result  from  violent  pain 
in  other  parts  of  the  body ;  the  process  of  digestion  in  such  cases  being  sus- 
pended, and'sometimos  vomiting  excited.  When  acidulated  sabstances,  as  food 
rendered  acid  by  the  addition  of  a  little  vinegar,  were  introduced  into  the  stomach, 
the  quantity  of  gastric  fluid  poureJ-out  waa  much  smaller,  and  the  digestive  pru- 
ecn  consequently  slower,  than  when  similar  food,  rendered  alkaline  by  a  weak 
solution  of  carbonate  of  }*oda,  was  introduced.  If,  however,  instead  of  a  weak 
«nlation,  carbonate  of  soda  in  crystal  or  in  powder  was  introduced  into  the  sto- 
mach, a  large  quantity  of  mucus  and  bile,  instead  of  ^stric  fiuid,  flowed  into  the 
stomach ;  and  vomiting  and  purging  very  often  followed.  When  very  cold  water, 
or  small  pieces  of  ice,  were  introduced  into  the  Btomach,  the  mucous  membrane 
was  at  first  rendered  very  pallid ;  but  soon  a  kind  r»f  reaction  followed,  the  mem- 
brane became  turgid  with  blood,  and  a  large  quantity  of  gastric  fluid  was  secreted. 
If,  however,  too  much  ice  waa  employed,  the  animal  appeared  ill,  and  shivered; 
and  digestion,  instead  of  being  rendered  more  active,  was  retarded.  Moderate 
heat,  applied  to  the  mucous  surface  of  the  stouiach,  appeared  to  have  no  particular 
action  on  digestion  j  but  a  high  degree  of  heat  produced  most  serious  conse- 
quences. Thus  tbe  introduction  of  a  little  boiling  water  threw  the  animal  at 
once  into  a  kind  of  adynamic  state,  which  was  followed  by  death  in  three  or  four 
hours;  the  mucous  membrane  of  the  stomach  was  found  red  and  swollen,  whilst 
an  abundant  exudation  of  blackish  blood  had  taken  place  into  the  cavity  of  the 
organ.  Similar  injurious  eflfecta  resulted  in  a  greater  or  less  degree,  from  the 
introduction  of  other  irritants,  such  as  nitrate  of  silver  or  ammonia;  the  digestive 
functions  being  at  once  abolished,  and  the  raucous  surface  of  the  organ  rendered 
bigblj  nensitive. 

100.  That  the  quantity  of  the  Gaatrio  Juice  secreted  from  tbe  walls  of  the 
stomach  depends  rather  upon  the  general  requircTnents  of  the  system,  than  up«m 
the  quantity  of  food  intrxluced  into  tbe  digestive  cavity,  is  a  principle  of  the 
highest  practical  importance,  and  cannot  be  loo  steadily  kept  in  view  in  Dietetics. 
A  drjinite  proportion  only  of  aliment  can  be  perfectly  digested  in  a  given  quan- 
tity of  the  fluid ;  the  action  of  which,  like  other  chemical  operations,  ceases  after 
having  been  exercised  on  a  fixed  and  definite  amount  of  matter.  ♦*  When  the 
juice  baa  become  satunited,  it  refuses  to  dissolve  mure  ;  and,  if  an  excess  of  food 
has  been  taken,  the  residue  reniains  in  the  stomach,  or  passes  into  the  bowels  in 
a  crude  state,  and  becomes  a  source  of  nervous  irritation,  pain,  and  disease,  for  a 
long  time."  The  unfavourable  effect  of  an  undue  burthen  of  food  upon  the 
Stomach  itaelf,  interferes  with  its  healthy  action ;  and  thus  the  quantity  really 
appropriate  is  not  dissolved.  The  febrile  disturbance  is  thus  increased;  and  the 
mucous  membrane  of  the  stomach  exhibits  evident  indications  of  its  morbid  con- 
dition. The  description  of  these  indications  given  by  Dr.  Beaumont,  in  peculiarly 
graphic,  as  well  as  hygienically  important.  "In  disease,  or  partial  derangement 
of  the  healthy  function,  the  mucous  membrane  presents  various  and  essentially- 
different  appearances.  In  febrile  conditions  of  the  system,  occasioned  by  what- 
ever cause, — obstructed  perspiration,  undue  excitement  by  stimulating  liquors, 
overloading  the  stomach  with  food,  fear,  anger,  or  whatever  depresses  or  disturbs 
the  nervous  system,  —  the  villous  coat  becomes  eoraetimes  red  and  dry,  at  other 
times  pale  and  moist,  and  loses  its  smooth  and  healthy  appearance;  tbe  secretions 
become  vitiated,  greatly  diminished,  or  even  suppressed;  tbe  coat  of  mucus 
Bcaroelj  perceptible,  tbe  follicles  flat  and  flaccid,  with  secretions  insufficient  to 
prevent  the  papilisc  from  irritation.  There  are  sometimes  found,  on  the  internal 
coat  of  tbe  stomach,  eruptions  of  deep-red  pimples,  not  numerous,  but  distributed 
here  and  there  upon  the  villous  membrane,  rising  above  the  surface  of  the  raucous 
tt«L  These  are  at  first  sharp- pointed,  and  red,  but  frequently  become  filled  with 
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white  purulent  matter.  At  other  times  irregular,  circumscribed  red  patches, 
varying  in  eiae  and  extent  from  half  an  inch  to  an  inch  and  a  half  in  circumfe- 
rence, are  found  ou  the  inlernal  coat.  These  appear  to  be  the  effects  of  oonpee- 
tioo  in  the  niinut«  blood-vessels  of  the  stomach .  There  are  also  seen  at  times 
Biinill  ophthous  criista,  ia  coonection  with  these  red  patches.  Abrasion  of  the 
lining  meoibraae,  hke  the  rollinfi-up  of  the  mucous  coat  into  small  shreds  or 
strings,  leaving  the  papillm  bare  for  an  indefinite  space,  ia  not  an  uncommon  ap- 
pearance. These  diseased  appearances,  when  \'ery  slight,  do  not  always  affect 
ef'S'ntially  the  gastric  apparatus.  When  considerable,  and  particularly  when 
there  are  eorrespooding  symptoraa  of  disease, — as  drj'ness  of  the  mouth,  thirst, 
accelerated  pulse,  &c. —  uo  gastric  Juice  can  be  extracteti  h^  the  afimeitUiry  stim- 
ulus. Prinks  are  immediately  absorbed  or  otherwise  dieposed-of ;  but  food  taken 
in  this  condition  of  the  stomach  remains  undigested  for  twenty-four  or  forty-eight 
houra,  or  more,  increasing  the  derangement  of  the  alimentary  canal,  and  agerv 
vatiug  the  gencml  symptoms  of  disease.  After  excessive  eating  or  drinking, 
chjmification  is  retarded ;  and,  though  the  appetite  be  not  always  impaired  at 
first,  the  fluids  become  acrid  and  sharp,  excoriating  the  edges  of  the  aperture, 
aad  almost  iuvariabty  producing  aphthous  patches  and  the  other  indications  of  a 
diseased  state  of  the  iuternol  membrane.  Yitinted  bile  is  also  found  in  the 
Btomaoh  under  these  circumstances,  and  floeculi  of  mucus  are  more  abundant  than 
in  health.  Whenever  this  morbid  condition  of  the  stontacb  occurs,  with  the 
usual  accompanying  syroptoms  of  disease,  there  is  generally  a  corresponding  ap- 
pearauee  of  the  tongue.  When  a  healthy  state  of  the  stomach  ia  restored,  the 
tongue  invariably  becomes  clean."' 

101.  That  the  secretion  of  Gastric  Juice  is  affected  in  a  very  marked  manner 
by  condilions  of  the  Nervous  system,  is  indicated  by  the  effect  of  mental  emo- 
tions in  putting  an  immediate  stop  to  the  digestive  process,  when  it  is  going-oo 
with  full  vigour.  But  it  is  still  more  coucluFively  proved  by  the  effect  of  division 
of  the  Pneumogastric  nerve  ;  which  almost  instantaneously  cliecka  the  elaboration 
of  the  fluid.  The  most  satisfactory  evidence  of  the  inSuence  of  this  operation, 
is  afforded  by  the  experiments  of  5l.  Dernard  upon  dogs  in  whose  stomachs  fis- 
tulous orifices  had  been  established.*  For  when  the  section  was  made  during  the 
free  flow  of  gafitrio  juice  (through  a  cjmula  previously  introduced  into  the  sto- 
mach), excited  by  the  presence  of  an  alimentary  bolus,  the  flow  immediately 
ceased,  and  the  mucous  mcnibraae,  which  hud  been  tense  and  turgid  the  moment 
before,  became  withered  and  pale.  On  introducing  the  finger  into  the  stomach 
itself,  the  walla  were  perceived  to  be  perfectly  flaccid,  and  there  was  no  longer  the 
gentle  pressure  which  had  been  previously  felt.  The  rapidity  and  completeness  of 
this  influence  are  further  demonstrated  by  the  following  ingenious  experiment,  de- 

'  Dr.  A.  Coabe's  commeatnry  on  the  above  paaaage  is  too  apposite  to  be  omitted. 
'•  Many  persons  who  obriouslj  live  too  firedy,  protest  against  the  fact,  because  they  feel 
no  irnmeiliate  inconvenience,  either  from  the  quantity  of  food,  or  the  stimulants  in  which 
they  habitually  indulge ;  or,  in  other  words,  because  Ihey  experience  no  pain,  sickaeas,  or 
beadaobe,  ^tiotbtag,  perhaps,  except  alight  fulness  and  opprrssion,  which  soon  go  off. 
QbserTation  extended  over  a  sufficient  length  of  time,  however,  i^hows  tbat  the  concloaion 
drawn  is  entirely  fallacious,  and  that  thL>  real  utnoant  of  injury  ia  not  felt  at  the  moment, 
merely  because,  for  a  wise  purpose,  nature  has  deprived  us  of  any  conscioosness  of  cither 
the  cxistonoe  or  the  elate  of  the  atomaeh  during  hralth.  In  accordance  with  this.  Dr. 
Beaumont's  experiments  prove,  that  extmsive  erytbematic  inflammntioD  of  the  maoous 
coat  of  the  utnniach  was  of  frequent  occurrence  in  iit.  Martin  after  excesses  in  eating,  and 
eitpeciatly  in  drinkiDg,  even  wht;n  no  marked  gcaeral  symptom  was  present  to  indicate  its 
existence.  (Iccaeionally  febrile  heat,  unusea,  headache,  and  thirst  were  comphiiDed  of, 
but  not  always.  Had  St.  Martin's  atomucb,  and  its  inflamed  patches,  not  been  risible  to 
the  eye,  he  too  might  have  pleaded  that  his  temporary  excesses  did  him  no  harm  ;  but, 
when  they  presented  themselves  in  such  legible  characters  that  Dr.  Beaumont  could  not 
miss  seeing  them,  argument  and  supposition  were  at  an  end,  and  the  broad  fact  oould  not 
be  denied. 

•  "  Gazette  MMoale,"  June  1,  1844. 
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fiaed  bj  M.  Bernard.  The  two  sabstanoes  emulsin  (the  albaminous  inattor  found 
in  almonds)  and  amygilalin  (the  active  principle  of  bitter  mlmondB)  are  quite  inno- 
eaous  when  administered  separately ;  but  when  they  are  united,  a  production  of 
liydroojanto  acid  takes  place ;  bo  that,  if  ibis  should  occur  in  the  stomach  of  an 
animal,  the  poison  proves  fatal,  provided  that  it  be  generated  in  sufficient  quantity. 
If,  however,  the  emulsin  be  piven  first,  and  the  amygdalin  half  an  hour  after- 
vards,  no  such  result  occurs;  because  the  properties  of  the  emulsin  are  so  changed 
by  the  gastric  fluid  secreted  during  the  intcrvai,  that  it  no  longer  generates  hydro- 
cyanic acid  with  amygdalin.  But  if  the  emulsin  be  given  to  ao  animal  whose 
pneumc^iiastric  nerves  have  been  just  divided,  and  the  amygdalin  be  administered 
half  an  boar  subsequently,  the  effect  is  the  same  as  if  the  two  substances  had 
been  given  at  one  time;  showing  that  no  secretion  of  gastric  fluid  could  have 
taken  place. — The  first  obvious  effects  of  this  operation,  are  vomiting  (in  animals 

R;are  capable  of  it)  and  loathing  of  food ;  and  the  arreetment  of  the  digestive 
IBBS  is  indicated,  on  post-mortem  examination  some  hours  afterwards,  by  the 
iDoe  of  any  digestive  change  in  food  that  may  have  been  taken  just  previously 
fB  operation,  and  that  has  not  been  ejected  from  the  stomach. 
02.  But,  as  was  first  proved  by  Dr.  Joho  Reid,'  a  re-establish mcnt  of  the  di- 
gestive power  manifests  itself  after  an  interval  of  some  days,  if  the  animals  should 
survive  so  long.  In  the  animals  which  died  within  the  first  four  or  five  days, 
DO  indication  of  this  restoration  could  be  discovered  by  Dr.  R. ;  in  those  which 
survived  longer,  great  emaciation  took  place ;  but  when  life  was  sufliciently  pro- 
longed, the  power  of  assimilation  seemed  almost  completely  restored.  This  was 
the  case  in  four  out  of  the  seventeen  dogs  experimented-on;  and  the  evidence  of 
this  restoration  consisted  in  the  recovery  of  flesh  and  blood  by  the  animals,  the 
vomiting  of  half-digested  food  permanently  reddening  litmus  paper,  the  disap- 
pearance of  a  considerable  quantity  of  alimentary  matter  from  the  intcstioa) 
CMmJ,  and  the  eii8t.ence  of  chyle  in  the  lacteals.  It  may  serve  to  account  in 
come  degree  for  the  contrary  results  obtained  by  other  experimenters,  to  state  that 
tcven  out  of  Dr.  R.'s  seventeen  experiments  were  performed,  before  he  obtained 
any  evidence  of  digestion  after  the  operation,  and  that  the  four  which  furniahed 
this  followed  one  another  almost  in  successioa ;  so  that  it  is  easy  to  understand 
ir^j  those,  who  were  satisfied  with  a  small  number  of  experiments,  should  have 
wiso  led  to  deny  it  altogether. —  Another  series  of  experiments  was  performed  by 
Dr.  Reid,  for  the  purpose  of  testing  the  validity  of  the  results  obtained  by  Sii 
B.  Brodie,  relative  to  the  effects  of  section  of  the  Par  Vagum  upon  the  secretions 
of  the  stomach,  after  the  introduction  of  arsenious  acid  into  tho  system.  Ac- 
cording to  that  eminent  Surgeon  and  Physiologist,'  when  tho  poison  was  intro- 
duced after  the  Pneumogastrio  had  been  divided  on  each  side,  the  quantity  of  the 
protective  mucous  and  watery  secretions  was  much  less  than  usual,  although 
obvious  marks  of  infiammatiou  were  present.  In  order  to  avoid  error  as  much 
as  possible,  L>r.  Rcid  made  five  sets  of  experiments,  etiiplojing  two  dogs  in  each, 
as  nearly  as  possible  of  equal  size  and  «itrength,  introducing  the  same  quantity  of 
the  poison  into  the  system  of  each  in  the  same  manner,  but  cutting  the  Vagi  in 
one,  and  leaving  them  entire  in  the  other.  This  rowparntivc  mode  of  experi- 
menting is  obriously  the  only  one  admissible  in  such  an  investigation.  Its  result 
was  in  every  instance  opposed  to  the  statements  of  Sir  B,  Brodie ;  the  quantity 
of  the  mucous  and  watery  secretions  of  the  stomach  being  nearly  the  same  in 
each  individual  of  the  respective  pairs  subjected  to  experiment;  so  that  their 
production  can  no  longer  be  referred  to  the  influence  of  the  Pneumogaatric  nerves. 
Moreover,  the  appearances  of  inflammation  were,  in  four  out  of  the  five  cases, 

••♦Edinb.  Med.  and  Surg.  Jonrsal,"  April,  lii39;  and  "Physiological,  Anatomical, 
tad  Pathological  Researches,"  chap.  v. —  Dr.  Reld's  rcaulta  have  been  confirmed  aa  to  this 
important  particular  by  Htibbenet  (Op.  cit.),  and  more  recently  by  Bidder  and  Sobmidt, 
"HI.  Med.  Z«itung,"  1852,  heft  viii.  p.  112. 

•  "  Philosophical  Tranaactiona,"  1814,  p.  102. 
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greatest  ID  the  animals  vfaoee  Vagi  were  left  entire ;  and  this  seemed  to  be  refer* 
able  to  the  longer  duration  of  their  lives  after  the  arsenic  had  been  introduced. 
The  results  of  Sir  B.  Brodie's  eiperimenta  are  perbapa  to  be  expl^ned  by  the 
epeedy  occurrence  of  death  in  the  gabjecta  of  them,  conseqaent  (it  may  be)  upon 
the  want  of  aufficicDtly  free  respiration,  which  was  carefully  guaJrded  against  by 
Dr.  Reid. 

10^.  It  must  be  held  as  demonstrated  by  these  experiments,  then,  that  all  the 
arguments  which  have  been  drawn  from  the  effects  of  lesion  of  the  Pneumogas- 
trics  upon  the  functions  of  the  Stomach,  in  favour  nf  the  doctrine  that  Secretion 
depends  upon  Nervous  agency  must  be  set  asiJc.  That  these  nerves  have  an  im- 
portant influence  on  the  gastric  secretion,  is  evident  from  the  deficiency  in  its 
amount  soon  after  their  section,  as  well  as  from  other  facta.  But  this  is  a  very 
different  proposition  from  that  jast  alludcd-to;  and  the  difference  has  been  very 
happily  illustrated  by  Dr.  Reid.  "The  movements  of  a  horse,"  he  obeerres, 
"  arc  independent  of  the  rider  on  his  back,  —  in  other  words,  the  rider  does  not 
furnish  the  conditions  necessary  for  the  moveraents  of  the  horse;  —  but  every 
one  knows  how  much  these  movements  may  be  influenced  by  the  hand  and  heel 
of  the  rider/'  It  may  be  hoped,  then,  that  physiologists  will  cease  to  adduce  the 
ofi-eited  experiments  of  Dr.  Wilson  Philip,  in  favour  of  the  hypothesis  (for  such 
it  must  be  termed)  that  secretion  is  dependent  upoo  nervous  influence,  and  that 
this  is  identical  with  galvanism.  Additional  evidence  of  their  fallacy  is  derived 
from  the  fact  mentioned  by  Dr.  Eeid,  that  the  usual  mucma  secretions  of  the 
Storaoch  were  always  found ;  and  they  are  further  invalidated  by  the  testimony 
of  MCilIer,  who  denies  that  galvauisTu  has  any  peculiar  influence  in  re-establishing 
the  gastric  secretion,  when  it  has  heen  cheeked  by  section  of  the  nerves. 

104.  Our  knowledge  of  the  nature  of  the  process  of  Gastric  Digestion  has  been 
greatly  advanced  by  recent  enquiries ;  and  we  are  now  in  a  condition  to  state  with 
considerable  precision  what  it  is,  and  what  it  is  not,  the  province  of  the  gastric 
juice  to  effect.  —  There  can  no  longer  be  any  doubt  that  the  operation  is  one 
esaeotially  of  rhemiral  wlulionj  and  that  the  vital  attributes  of  the  Stomach  are 
only  exercised  in  the  preparation  of  the  solvent,  and  in  the  performance  of  those 
moremcDts  which  promote  its  action  on  the  alimentary  mutters  submitted  to  it. 
The  first  series  of  facts  which  cleady  demonstrated  this  position,  were  those  tl|»t 
I  resulted  from  tbe  very  pains-taking  observations  made  by  I>r.  Beaumont,  in  the 
case  of  St.  Martin,  already  referred-to.  By  introducing  a  tube  of  india-rubber 
into  the  empty  stomach,  Dr.  B.  was  able  to  obtain  a  supply  of  gastric  juice  when- 
ever he  desired  it,  the  tube  serving  the  purpose  of  stimulatiEig  the  follicles  to 
pour-forth  their  secretion,  and  at  the  same  time  conveying  it  away ;  and  with  the 
fluid  thus  obtained,  he  was  able  to  make  various  experiments,  which  showed  that 
the  change  which  it  effects  upon  alimentary  matter,  when  it  is  kept  at  a  tempera- 
tare  of  98°  or  100°,  and  frequently  agitated,  is  not  less  complete  than  that  which 
takes  place  when  the  same  matter  is  submitted  to  its  operation  within  the  sto- 
mach, but  requires  a  longer  time.  This  is  readily  accounted-for  when  we  remem- 
ber that  no  ordinary  agitation  can  produce  the  same  effect  with  the  curious 
movcmeDts  of  the  stomach ;  and  that  tbe  continued  removal,  from  its  cavity,  of 
the  matter  which  has  been  already  dissolved,  must  aid  tbe  operation  of  the  solvent 
on  the  remainder.  The  following  is  one  out  of  many  experiments  detailed  by 
Dr.  Beaumont.  "At  11 J  o'clock,  A.  M.,  after  having  kept  tbe  lad  fasting  for 
17  hours,  I  introduced  a  gum-elastic  tube,  and  drew  off  one  ounce  of  pure  gastric 
liquor,  unmixed  with  any  other  matter,  except  a  small  proportion  of  mucus,  into 
a  three-ounce  vial.  I  then  took  a  solid  piece  of  boiled  recently- sal  led  beef, 
weighing  three  drachms,  and  put  it  into  the  liquor  in  the  vial ;  corked  the  vial 
tight,  and  placed  it  in  a  sauccpaa  filled  with  water,  raised  to  the  temperature  of 
100*^,  and  kept  at  that  point  on  a  nicely-regulated  sand-bath.  In  forti/  minutes, 
digestion  had  distinctly  commenced  over  the  surface  of  the  meat.  laji/fy  min- 
Dtes,  the  fluid  had  become  quite  opaque  and  cloudy )  the  external  texture  began 
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to  separate  and  l>ecome  loose.  In  sixty  tnimitefl,  chyme  Wpan  to  form.  At  1 
o'clwk,  p.  M.  (digestion  Laving  progretised  with  the  eame  regularity  as  in  tic  last 
half-hour),  the  cellnlar  texture  seemed  to  be  entirely  destroyed,  leaving  the  luua- 
cukr  fibres  loose  and  unconnected,  floating  about  in  fine  small  shreds,  \-ery  tender 
and  hoh.  At  3  o'clock  the  muscular  fibres  had  diminished  one-haif,  since  the  lust 
examination.  At  five  o'clockf  they  were  nearly  all  digested  j  a  few  fibres  onty 
Temaining.  At  7  o'clock,  tbe  muscular  texture  was  completely  broken  down,  and 
only  a  few  of  the  email  fibres  could  be  seen  floating  in  the  fluid.  At  9  o'clock 
every  part  of  the  meat  was  completely  digested.  The  gastric  juice,  when  taken 
from  the  stomach,  was  ae  clear  and  transparent  as  water.  The  tuixture  in  the 
vial  was  now  about  the  colour  of  whey.  After  etanding  at  rest  a  few  minutes,  a 
fine  sediment  of  the  colour  of  the  meat  subsided  to  the  bottom  of  the  vial.  —  A 
piece  of  beef,  exactly  aimilar  to  that  placed  in  the  vial,  was  introduced  into  the 
stomach,  through  the  aperture,  at  the  same  time.  At  12  o'clock  it  was  with- 
drawn, and  found  to  be  as  iittle  affected  by  digestion  as  that  in  the  vial;  there 
was  little  or  no  difference  id  their  appearance.  It  was  returned  to  the  stomach; 
and,  on  the  striog  heing  drawn  out  at  I  o'clock,  P.  M.,  the  meat  was  found  to  be 
all  completely  digested  and  gone.  The  effect  of  the  gastric  juice  on  the  piece  of 
meat  suspended  in  the  stomach,  was  exactly  similiir  to  that  in  the  vial,  only  more 
rapid  after  the  first  half-hour,  and  sooner  completed.  Digestion  commenced  on, 
and  was  confined  to,  the  eurfaee  entirely  in  both  situations.  Agitation  occele- 
rated  the  solution  in  the  vial,  by  removing  the  coat  that  was  digested  on  the  sur- 
face, enveloping  the  remainder  of  the  meat  in  the  gastric  fluid,  and  giving  this 
fluid  access  to  tbe  undigested  portions.'"  Many  variations  were  made  in  other 
experiments ;  some  of  which  strikingly  displayed  the  effects  of  thorough  masti- 
cation, in  aiding  both  natural  aud  artificial  digestion. 

105.  The  attempt  was  made  by  Dr.  Eeaumont,  to  determine  the  relative  diges- 
tibility of  different  articles  of  diet,  by  observing  the  length  of  time  requisite  for 
their  solution.'  But,  as  he  himself  points-out,  the  rapidity  of  digestion  varies  so 
greatly,  according  to  the  quantity  eaten,  the  nature  and  amount  of  the  previous 
exercise,  the  interval  stuce  the  preceding  meal,  tbe  state  of  health,  the  condition 
of  the  mind,  and  the  nature  of  the  weather,  that  a  much  more  extended  inquiry 
would  be  necessary  to  arrive  at  the  results  to  be  depended-on.  Some  important 
inferences  of  a  general  character,  however,  may  be  drawn  from  his  researches. — It 
seems  to  be  a  general  rule,  that  tbe  flesh  of  wild  animals  is  more  easy  of  diges- 
tion, than  thai  of  the  domesticated  races  which  approach  them  most  nearly.  This 
may,  perhaps,  be  partly  attributed  to  the  small  quantity  of  fatty  matter  that  is 
mixea-up  with  the  flesh  of  the  former,  whilst  that  of  the  latter  is  largely  per- 
vaded by  iL  For  it  appears  from  Dr.  B.'s  experiments,  that  the  presence  in  the 
Btomach  of  any  Bubstauee  which  is  difficult  of  di^stion,  interferes  with  the  solu- 
tion of  food  that  would  otherwise  be  soon  reduced.  It  seems  that,  on  the  whole, 
Beef  is  more  speedily  reduced  than  Mutton,  and  Mutton  sooner  than  either  Veal 
or  Pork.  Fowls  are  far  from  possessing  the  digestibility  that  is  ordinarily  im- 
puted to  them ;  but  Turkey  is,  of  all  kinds  of  flesh  except  Venison,  tbe  most 
soluble. — Dr.  Beaumont's  experiments  fiirther  show,  that  hulk  is  as  necessary  for 
healthy  digestion,  as  the  presence  of  the  nutrient  principle  itself.  This  fact  has 
been  long  known  by  experience  to  uncivilised  nations.  Tbe  Kamschatdales,  for 
example,  are  in  the  habit  of  mixing  earth  or  saw-dust  with  the  train-oil,  on  which 
alone  they  are  frequently  reduced  to  live.     The  Veddahs  or  wild  hunters  of  Cey- 

'  EiperimentB  2  sad  8  of  First  Series. 

*  It  )B  important  to  bear  in  mind,  that  the  digcBtibility  of  difftireot  •ubBtaocea  beart  no 
relation  to  their  nutrient  value,  wliiub  is  eotircly  dependent  oa  their  chemical  compoBitioo. 
Of  coarse,  bowever  autritioua  a  Bubstance  maj  be,  it  is  Talueless  as  ao  article  of  diet  if  it 
cannot  bo  dissolred;  bot,  on  the  other  hand.  BubKtonces  which  are  rery  easily  digested 
(such  aa  forinaceooa  matters)  may  have  a  low  nutritire  ralue,  through  contaJoing  bat  ^ 
very  small  f  roportioQ  of  azotized  ooastltuenls. 
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Ion,  on  the  same  principle,  niino:le  the  pounded  fibres  of  soft  and  decayed  wood 

iritb  the  honey  on  which  thej  feed  when  meat  is  not  to  be  had ;  and  on  one  of 

I  them  hejof^  asked  the  reason  of  the  practice,  he  replied,  "  I  cannot  tell  yon,  bat 

II  know  that  the  belly  inust  be  filled."     It  is  further  shown  by  Dr.  B.,  that  sonpa 
l«nd  fluid  diet  are  not  more  readily  chymiSed  than  solid  atiment,  and  are  not  alooo 

fit  for  the  support  of  the  system ;  and  this,  also,  is  conformable  to  the  well-known 
results  of  experience ;  for  a  dyspeptic  pjitient  will  frequently  reject  chicken-broth, 
when  he  can  retain  solid  food  or  a  richer  soup.  Perhaps^  as  Dr.  A.  Combe 
l^raarks,  the  little  support  gained  from  fluid  diet,  is  due  to  the  rapid  absorption 
of  the  watery  part  of  it;  so  that  the  realty  nutritious  portion  is  left  in  too  soft 
and  concentrated  a  state,  to  excite  the  healthy  action  of  the  stomach. — Dr.  Beaa- 
mont  also  ascertained,  that  moderate  exercise  facilitates  digestion,  though  severe 
and  fatigruing  exercise  retards  it.  If  even  moderate  exercise  be  taken  immrdiately 
after  a/u//  meal,  however,  it  is  probably  rather  injurious  than  beneficial;  but  U" 
an  hour  be  permitted  to  elapse,  or  if  the  quantity  of  food  taken  have  been  small, 
it  b  of  decided  benefit.  The  icfltiencc  of  temperature  on  the  process  of  solution, 
is  remarkably  shown  in  some  of  Dr.  B.'s  experiments.  He  found  that  the  gastrio 
juice  bad  scarcely  any  infiuenco  on  the  food  Pubmitted  to  it,  when  the  bottle  was 
exposed  to  the  cold  uir,  instead  of  being  kept  at  a  temperature  of  100°.  He 
observed  on  one  occa^sioo,  that  the  injection  of  a  single  gill  of  water  at  60"  into 
the  stomach,  suffit-ed  to  lower  its  temperature  upwrards  of  30**;  and  that  its 
natural  heat  was  not  restored  for  more  than  half  an  hour.  Hence  the  pracUoe 
of  eating  ice  after  dinner,  or  even  of  drinking  largely  of  cold  fluids,  is  very  pre- 
judicial to  digestion. 

10(5.  It  is  far  from  being  true,  however,  that  (aocordiKj  to  the  older  views 
of  its  power)  the  Gastric  juice  is  capable  of  acting  upon  all  the  nutiitivc  compo- 
nents of  the  fftod.  The  mistake  probably  arose  from  the  reduction  to  which  these 
marttera  are  Bubjeoted  in  digestion,  the  alimentary  bolus  being  completely  disinte- 
grated, and  ita  partitlea  saturated  with  the  fluids  of  the  stomach,  so  that  the 
-whole  forms  a  homogeneous  litjuid  of  puttaceous  consistence,,  to  which  the  name 
of  ch^me  is  given.  This  chyme  will,  of  course,  vary  greatly  in  its  composition, 
according  to  the  proportion  of  the  different  alimentary  substances  that  have  en- 
tered into  the  composition  of  the  food;  and  its  appearance,  also,  is  far  from 
nntforui,  being  sometimes  like  gruel,  but  sometimes  more  creamy,  always,  how- 
ever,  having  a  strong  acid  rei\clion. — All  the  more  recent  and  accurate  experi- 
[iDCQts  of  those  who  have  studied  the  chemistry  of  digestion,  lead  to  the  conolnaion, 
that  the  solvent  powers  of  the  Gastric  juice  are  entirely  limited  to  asoiized  sub- 
stances ;  and  that  it  exerts  no  action  whatever,  upon  either  starchy,  saccharine, 
or  oleaginous  mutters.  Although  the  change  in  the  starchy  particles,  which 
commences  in  the  mouth  is  usually  continued  in  the  stomach,  yet  its  continuance 
ia  entirely  dependent  upon  the  presence  of  the  salivary  fluid;  being  completely 
cheeked  when,  by  tying  the  oesophagus,  that  tluid  is  prevented  from  passing  into 
the  stomach.'  Saccharine  matters,  being  readily  soluble  in  water,  do  not  require 
the  agency  of  the  gastric  fluid,  for  any  other  purpose  than  the  solution  of  their 
investments,  whereby  they  are  set  free;  and  it  does  not  appear  that  it  exerts  any 
convening  power  upon  them.  [According  to  the  observations  of  Dr.  Dalton, 
cane-sugar  in  slowly  converted  by  gastric  juice,  out  of  the  body,  into  glucose. 
'Tf'.n  grains  of  cane-sugar,  dissolved  in  half  an  ounce  uf  gastric  juice,  and  kept  at 
100°  r.,  give  traces  of  glucose  at  the  end  of  two  hours,  and  in  three  hours  the 
quantity  is  considerable.  It  cannot  bo  shown,  however,  that  the  gastric  juice 
exerts  this  effect  on  sugar  during  ordinary  digestion.  If  cane-sugar  be  given  to 
a  dog  while  digestion  of  meat  ia  going  on,  it  disappears  in  from  two  to  three 
hours,  without  any  glucose  being  detected.  The  same  observer  remarks,  that  a 
ounouB  peculiarity  manifesta  itself  in  the  action  of  cane-sugar  introduced  into  the 
«iomach  while  empty.  If  half  an  ounce  of  loaf-sugar  be  given  to  the  aniinal 
*  Sea  Frericha  in  **  Wagner's  Haadworterbuch,"  band  iii.  Art.  *  Verdauaag.' 
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liter  a  twelxe  houra^  fast,  when  the  stomach  contains  no  food  or  jrastrio  juice,  it 
bkooet  invariably  produces  an  immediate  reflux  of  intestinal  fluids,  (among 
irhtch  bile  ia  readilj  recognised  by  its  color,)  and  these  promptly  convert  a  part 
«{  the  sugar  which  has  been  swallowed,  eo  that  in  fifteen  to  thirty  nnnutes  the 
^Tuda  extracted  from  the  stomach  contain  an  abundance  of  glucose.  This,  how- 
gyer,  is  only  temporary.  In  a  space  of  time  varying  forty-five  minutes,  to  an 
1^^^  the  intestinal  fluids  cease  to  be  presont,  and  the  glucose  at  the  same  time 
^^^pcars.  Unaltered  cane-sugar,  however,  still  remains,  and  continues  present 
|br  two  Mid  «  half  to  three  hours,  when  it  gradually  disappears,  without  any  sub- 
ipequeot  production  of  glucn^.  During  all  this  time,  no  gastric  juice  is  secreted ; 
lite  reaction  of  the  stomach  remaining  constantly  neutral  or  alkaline. 

The  above  experiments  of  Dr.  Dalton  render  it  probable,  that  even  when  cane- 
•ogar  is  taken  with  other  articles  of  food,  it  ia  not  converted  into  glucose,  although 
of  this  there  is  no  positive  certainty  j  for  it  was  found  that  Trommer'a  test  faifcd 
t»  mnni/rst  the  presence  of  tugar  when  gastric  juke  was  pretent.  Upon  which 
Ingredient  of  the  gastric  juice  this  failure  depends,  is  not  knowo,  since  the  snme 
occurrence  took  place  when  the  acid  reaction  was  neutralised,  and  the  organic 
constituent  removed. —  Ed.]  So,  again.  Oleaginous  matters  are  merely  reduced 
to  a  state  of  fine  division,  and  are  diffused  in  a  state  of  suspension  through  the 
pulpy  chyme.  The  effieot  of  the  gastric  fluid  upon  the  several  kinds  of  Albu- 
•aaiiions  matters,  \s  to  reduce  them  to  a  state  of  complete  solution,  and  at  the  same 
time  to  alter  their  chemical  properties,  so  that  they  for  the  most  part  lose  tbeir 
distinctive  attributes,  and  are  brought  to  one  uniform  condition,  that  of  albumi- 
(a  kind  of  imperfect  albumon),  which  seems  to  be  the  state  best  adapted  for 
oeat  aftsimiiation.  [Albuminofe  differs  from  albumen  in  not  being  coagu- 
By  beat  or  by  nitric  acid,  but  is  beat  precipitated  from  ita  solution  by  alcohol. 
different  articles  of  food  be  digested  in  fresh  gastric  juice  in  test-tubes,  at 

raniture  of  1(W  F.,  it  will  be  found  thai  the  digestible  ingredients  of  bread 
taken  up  under  the  form  of  albuuiinose.  If  cheese  be  trcatcd'in  the  same 
its  casein  ia  altogether  converted  into  albumitiose,  and  dissolved,  while  ita 
^nons  matters  are  set  free,  and  collect  in  a  yellow  layer  on  the  surface  of  the 
a.  A  very  considerable  portion  of  raw  white  of  egg,  however,  dissolves  in 
itrio  juice  directly  as  albumen,  and  remains  coagulable  by  beat.  Sofl-boiled 
Irbite  of  egg  and  raw  meat  are  principally  converted  into  albuminose,  but  at  the 
fame  time  a  small  proportion  of  albumen,  according  to  Dr.  Dalton,  is  also  taken 
op  nnchanged. — Ed.']  In  this  condition,  Ihcy  seem  to  form  definite  combinations 
with  the  solvent  fluid,  which  have  received  the  name  of  pejitones.  That  these 
combinations,  however,  are  very  different  from  mere  solutions  of  the  same  matters 
in  acidulated  liquids,  has  been  shown  by  the  experiments  of  M.  Bernard;  who 
found  that,  on  injecting  the  Bolution  of  albumen  in  very  dilute  hydrochlorio  acid 
into  the  general  circulation,  the  liquid  speedily  passed  off  by  the  renal  secretion; 
trhilst  after  injecting  the  solution  of  albumen  in  gastric  juice,  no  trace  of  this 
eould  be  detected  in  the  urine.  Hence  it  seems  evident  that  a  converting  power 
Is  exerted  by  the  pepsin,  or  peculiar  *  ferment'  of  the  gastric  fluid,  whilst  the 
^venl  power  is  due  to  the  acid;  a  coucluaiou  which  agrees  well  with  that  based 
on  other  evidence  (§  97).  It  appears  from  the  observations  of  MM.  Btondlot 
«nd  Bernard,  that  when  liquid  Albumen  is  taken  into  the  stomach,  it  does  not 
undergo  complete  coagulation  before  the  solvent  process  commences,  but  merely 
'becomes  opalescent;  Caaein,  on  the  other  hand,  is  completely  coagulated,  the 
peculiar  animal  principle  of  the  gastric  fluid  having  more  power  of  precipitating 
jt,  than  is  poasened  by  any  other  re-agent.  The  gastric  fluid  has  also  a  special 
tolvent  power  for  Gelatioous  substances;  acting  upon  those  which  would  have 
Otherwise  required  long  boiling  for  their  disintegration.     Here,  too^  the  marked 

['  Ttie  r«»der  \a  referred  to  the  esoellent  paper  of  Prof.  Dalton,  of  which  brief  extracts 
•dIj  hare  been  griven,  for  a  tDor«  dvtuiled  account  of  goatric  dlgeatioa.  Am^r.  JooTi 
Ued.  ScL,  Oct.  1864.] 
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difference  in  action  between  the  giistric  juice  and  a  merely  acidulous  fluid  haa 
been  demonstrated  by  M.  Beraard ;  who  baa  aboirn  that,  vrhea  a  piece  of  bone 
is  submitted  to  tbc  latter,  its  mineral  portion  alone  is  affected  by  it;  wbereaa 
when  it  is  subjected  to  the  former,  the  gastric  juice  digests  the  gelatin,  and 
leaves  the  phosphates  and  carbonates  unaltered.  Moreover,  a  decided  transforms* 
lion  is  effected  by  the  operation  of  the  gastric  fluid;  for  the  gclatia  of  the  pep- 
tone has  lost  its  power  of  gelatioiscing,  and  is  not  precipitated  by  chlorine. 

107-  This  action  of  the  Gastric  solvent  upon  the  azotized  constituents  of  the 
food,  is  dependent  upon  several  accessory  conditions.  One  of  the  most  important 
of  these  is  temperature.  A  heat  of  from  96"  to  100''  is  required  to  keep-up  the 
solvent  process,  which  is  retarded  according  to  the  depression  of  the  thermometer 
below  this  standard ;  so  that  at  the  ordinary  temperature  of  the  atmosphere  it  ij 
completely  suspended,  to  be  reuewed,  however,  with  an  increment  of  heat  On 
the  other  Land,  a  trifling  elevation  of  temperature  above  100°  occasions  a  decern' 
position  in  the  gastric  juice,  which  entirely  destroys  its  solvent  power. — The 
next  condition,  which  specially  affects  the  time  required  fur  the  process  of  solu- 
tion, is  tnolion.  This  does  not  act  mechanically,  by  way  of  '  triturstion,'  as  was 
once  supposed;  for  food  is  found  to  be  digested,  when  enclosed  in  metallic  balls 
perforated  to  admit  the  access  of  gaatnc  juice  to  their  interior.  But  it  answers 
the  purpose  of  thoroughly  subjecting  the  whole  of  the  alimentary  bolus  to  the 
agency  of  the  gastric  solvent,  by  bringing  each  part  successively  into  contact  with 
the  lining  membrane  of  the  stomach  from  the  surface  of  which  the  fluid  is  effused. 
The  removal,  of  tfie  matfcrs  already  reduced  or  dissolved,  also,  has  a  most  im- 
portant effect  in  fucilitaiing  the  soUuion  of  the  remainder.  This  removal  is  due 
in  part  to  the  absorption  of  the  matters  in  a  state  of  solution,  into  the  blood- 
vessels of  the  walls  of  tbc  stomach  (§  122);  and  in  part  to  the  successive  escape 
of  the  reduced  portions  through  the  pyloric  orifice  (§  83),  The  importance  of  the 
previous  state  of  mimtte  division  and  incor^Mtration  with  aqueovs  Jiutd,  in  pro- 
moting the  action  of  the  gastric  solvent,  has  been  already  dwclt-on  (§  78). 

108.  Although  the  Cht/me,  or  product  of  gastric  digestion,  which  escapes 
through  the  pyloric  orifice  into  the  duodenum,  contaios  much  azotized  matter  in 
a  state  of  actual  solutiojif  a  considerable  proportion  of  it  is  still  only  reduded  and 
mechanically  mispended;  and  the  solution  of  the  latter  is  continued  in  the  intes- 
tinal tube.  In  the  farinac-enus  part  of  the  food,  moreover,  no  great  amount  of 
change  has  hitherto  been  effected;  and  the  sugar  which  has  been  generated  by 
the  agency  of  the  salivary  ferment,  is  probably  absorbed  in  the  blood-vessels 
nearly  as  fast  as  it  is  formed.  In  tbe  condition  of  the  fatty  matters,  no  important 
change  is  perceptible,  except  such  as  results  from  the  solution  of  the  membranes, 
&c.,  that  enclosed  them.  Hence  we  see  that  the  process  of  Digestion,  so  far 
from  being  completed  in  the  stomoich,  bus  only  been  carried  one  stage  further. 
Soon  after  its  entrance  into  the  Duodenum,  the  chyme  is  subjected  to  the  actions 
of  the  Bile,  the  Pancreatic  ffuid,  and  that  eecretioQ  from  the  glandulse  in  the 
walls  of  the  intestine  itself  (proceeding  chiefly,  perhaps,  from  the  glands  of 
Bninncr,  §  113),  which  is  known  under  the  name  of  '  fciuccuB  Entericus.' — Of 
these,  tbc  Fttncreatic  fluid  will  be  first  noticed.  The  structure  of  the  Pancreas 
closely  rescmbics  that  of  the  Salivary  glands  (§  90)  ;  for  it  consists  of  racemose 
clusters  of  secreting  follicles,  which  form  the  terminations  of  the  ramifying  divi- 
,8ion8  of  the  duct;  each  cluster,  with  its  blood-vessels,  lymphatics,  nerves,  and 
connecting  tissue,  forming  a  lobule ;  and  the  separate  lobules  being  held-together 
by  areolar  tissue,  as  well  m  by  the  vessels  and  ducts.  Like  the  salivary  glands, 
moreover,  its  development  commences  by  a  sort  of  buddiug-forth  of  the  alimen- 
tary canal  at  a  particular  spot,  upon  which  a  mass  of  cells  has  previously  accu- 
mulated. The  secretion  of  this  gland  strongly  resembles  saliva  in  its  general 
appearance,  being  clear  and  colourless,  slightly  visicid,  and  alkaline  in  its  reaction; 
it  contains,  however,  a  larger  proportion  of  solid  matter,  its  specific  gravity  being 
1008  or  1009;    and  the  nature  of  its  animal  principlo  is  not  precisely  the 
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me.     The  follow! Dg  is  Professor  FrericbB^  analysis  of  the  pancreatic  fluid  of 
tiie  Abb. 

Water 986-40 

fiolidB 13-60 

Fat „., ~ 0-26 

Alrohol-extract .>. 0-16 

Water-extnot,  albumiaoua » 8-09 

r  Chlorides     I 

AlkalineJ  TbosphatM  V 6-90 

(  SulpbatM    j 

Carboaate  and  phosphate  of  Ilmo  a&d  magoeeia ^ 1-20 

1000-00       18-60 

It  ia  remarkable,  however,  that  in  the  Dog,  the  solid  residue  (according  to 
Schmidt)  should  be  nearly  10  percent,  or  even  more;  and  that  this  elbonld  be 
almoet  entirely  composed  of  organic  matter,  the  inorganic  constituents  being  in 
DO  larger  amount  than  in  the  jKincreaiic  fluid  of  the  asa.  Tbe  difference  in  the 
nature  of  tbe  alimentary  materials  on  wliich  the  pancreatic  fluids  of  these  two 
animals  are  destined  to  act,  in  probubly  the  explanation  of  this  marked  variation 
in  their  composition. — The  albuminous  *  ferment'  is  m)t  perfectly  coagulable  by 
heal,  and  when  precipitated  by  alcohol  it  redistiolvea  readily  in  water;  it  is  pre- 
cipitated by  sulphuric,  nitric,  and  concentrated  hydrochloric  acid,  and  by  the 
meUJlie  salts;  and  when  thrown-down  by  these,  or  by  heat,  it  is  redissolved  by 
alkalies.  It  is  also  precipitated  by  acetic  acid;  but  it  slowly  redi.ssolves  in  an 
exc«ss  of  the  reagent,  and  on  the  application  of  beat;  and  from  this  solution  it 
]■  precipitated  by  ferrocyanide  of  polassiuo).  When  boiled  with  aamiouia,  it 
Msatses  an  intent  yellow  colour.  Tbe  readinegs  with  which  this  substance  un- 
dcfgoes  change,  ia  indicated  by  the  rapidity  with  which  the  pancreatic  fluid  passes 
into  decomposition ;  for  even  after  a  few  hours'  exposure  to  the  air,  it  gives-off  a 
decidedly  putrid  odour.  Like  ptyaliu,  though  in  a  less  degree,  this  peculiar  con- 
stituent of  the  pancreatic  fluid  possesses  the  power  of  converting  starch  into 
sugar;  there  can  be  no  doubt,  therefore,  that  it  is  subservient  ro  the  continued 
digestion  of  the  farinaceous  part  of  the  food,  during  its  passage  through  the  small 
intestines.  It  shares  this  office,  however,  with  the  'succus  eotericus,'  which  has 
been  shown  by  Frerichs  and  ilubbenet  to  be  also  possessed  of  this  converting 
power. 

109.  It  has  recently  been  affirmed  by  M.  CI.  Bernard,  and  strong  evidence  has 
been  adduced  by  him  in  support  of  his  efcitcment,  that  the  ensentud  purpose  of  the 
Pancreatic  fluid  is  to  promote  tbe  absorption  of  futty  matters,  by  reducing  them 
to  the  state  of  an  emuUion,  which  is  capable  of  finding  its  way  into  the  lacteals.^ 
That  this  fluid  possesses  the  emulsifyiag  power  in  a  peculiar  degree,  may  be  con- 
sidered as  having  been  fully  demonijtrated  by  his  experiuienta;  for  on  mixing  it 
with  oil,  butter,  or  any  variety  of  hi,  at  a  temperature  sufficiently  high  to  render 
the  iktty  substance  liquid,  and  then  stirring  the  mixture  fur  a  few  tuinutes,  an 
emvlsioQ  is  produced  bearing  a  strong  resemblance  to  chyle.  This  emulsion  does 
not  erase  to  present  its  peculiar  aspect,  although  left  standing  for  some  time; 

•  "Arebiv.  O^o^r.  de  M^.,"  toni.  xiz.  —  It  has  been  assumed  b;  Frericbs,  Leni,  and 
other  objectors  to  M.  Bernard's  ticwb,  that  be  tnaintaina  that  the  paacrentic  fluid  taponifiei 
tii«  neutral  fatty  matters  tuken-iu  as  foo)],  coaverting  them  into  faity  acids  and  glycerine 
whtlat  jret  within  the  intestinal  canal.  It  is  no  doubt  true  that  M.  B«:rnurd  Gonsidern  that 
•Mse  aoeh  transfonoation  takes  place  in  the  body,  before  the  fatty  matter  is  ultimately 
diipoMd  of;  but  he  constantly  speaks  of  the  tmuUifying  power  as  the  peculiar  attribute 
of  the  pancreatic  fluid,  and  only  asserts  that  saponification  takes  place  in  artificial  diges- 
ti«n,  when  the  fluid  is  left  for  some  time  in  coutact  with  fatty  substancos;  so  that  the 
iutbor  is  inclined  to  regard  tbe  objections  above  alluded-to,  as  having  arisen  from  a  mis- 
■ppratonaion  of  M-  Bernard's  mcuuing.  (See  also  Dr.  Donaldson's  account  of  M.  Bernard's 
diioovcries,  in  ibe  '^Amer.  Joum.  of  Med.  8ci.,"  Oct.  1851. 
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whereas  altbougli  bile,  saliva,  gastric  juice,  blood-Rcraro,  and  other  animal  fluid?, 
have  a  certain  emulsifjing  power,  jet  after  a  short  time  the  oil-particIes  rua 
together  again,  almost  as  if  thej  had  been  merely  shaken-up  with  water.  Fur- 
ther, it  is  asserted  by  Bernard,  thnt  in  the  Rabbit  (in  whiuh  the  paooreatio  duct 
discharges  itself  some  inches  lower  down  in  the  intestine  than  does  the  bile-duct), 
when  fatty  matters  have  been  introduced  into  the  alimentary  canal,  they  undei^ 
no  considerable  change,  until  they  have  passed  the  orifice  of  the  pancreatic  duct; 
an  oily  emalaion  being  then  for  the  first  timo  found  in  the  intestinal  canal,  and 
the  opaque  whiteness  of  chyle  showing  itself  in  the  contents  of  those  absorb- 
enta  only,  which  originate  in  the  intestinal  villi  below  that  orifice.  So,  agnin, 
M.  Bernard  affirms  that  by  putting  a  ligature  round  the  pancreatic  duet,  the 
digestion  of  oleaginous  matter  is  so  completely  prevented,  that  it  is  found  ua- 
ohanged  in  the  lower  part  of  the  intestinal  tube,  and  no  opalescent  chylo  is  found 
in  the  lacteals.  This  position  is  farther  strengthened  by  the  fact  ascertained  bj 
clinical  observation,'  that  there  is  a  close  relation  between  disease  of  the  pan- 
creas, and  the  discharge  of  fatty  matters  peranum. — It  has  been  shown,  however, 
by  the  experimetita!  researches  of  Frerichs,  Lehtnann,  Lenz,*  and  others,  thattha 
statements  of  M.  Bernard  are  too  exclusive  in  their  character;  for  that  the  di' 
gestion  and  absorption  of  fatty  matters  will  take  place  after  the  pancreatic  duct 
has  been  tied  (sufficient  time  having  been  given  for  the  evacuation  of  any  pancrfr 
atio  fluid  which  may  have  been  in  the  alimentary  canal  previously  to  the  opera- 
tion )|,  and  even  in  the  lower  part  of  the  small  intestine,  into  which  these  substances 
have  been  conveyed  by  injection,  after  it  has  been  completely  separated  by  a 
ligature  from  the  upper  part  into  which  the  pancreatic  fluid  has  been  poured.  It 
further  appears  from  their  experiments,  that  a  mixture  of  the  pancreatic  fluid 
with  bile  and  the  *  succua  entericus,'  possesses  a  more  energetic  emulsifying 
power  than  the  first  of  these  fluids  nlnne;  and  it  seems  probable  that,  as  in  the 
conversion  of  starch,  bo  in  the  emulsification  of  fat,  the  intciiiinal  fluid  perfomn 
a  very  important  part.  It  wouM  not  seem  unlikely  that  the  qualities  of  thesa 
fluids  (like  ihose  of  the  saliva)  may  vary  in  difterent  aniraalft ;  and  that  the  emuU 
sifying  power  may  be  limited  in  the  rabbit,  or  nearly  so,  to  the  pancreatic  fluid, 
the  quantity  of  fat  which  its  natural  food  contains  being  small ;  whilst  in  tha 
oarnivorous  animals,  whose  natural  food  is  more  oleaginous,  the  provision  for  the 
digestion  of  fatty  matters  may  be  more  extensive.  [The  experiments  of  M.  Ber- 
nard have  been  repeated  by  Prof.  Jackson,  of  the  University  of  Pennsylvania,* 
and  by  the  editor  before  the  chiss  of  the  Medical  Department  of  Pennsylvama 
College,  with  precisely  the  same  resulta  as  those  detailed  by  M.  B. 

The  objections  of  Bidder,  Lehmano,  Schmidt,  and  Frerichs  are  regarded  by 
Dr.  Jackson  as  wholly  inconclusive.  These  observers,  at\er  tying  the  pancreatic 
duct  U  above  stated,  and  the  small  intestines  below  the  duct  in  another  instance, 
injected  milk,  or  milk  with  olive  oil,  into  the  iutestincs,  and  found  the  lacteals 
filled  with  white  chyle.  This  was  to  be  expected,  for  the  necessary  ooaditiou  for 
the  absorption  of  fatty  matters  by  the  lacteals  is,  that  they  exist  as  an  emulsion. 
Milk,  as  Dr.  Jackson  states,  is  a  natural  emulsion,  holding  a  fatty  substance 
(cream)  in  suspension,  and  consequently  in  the  condition  for  absorption.  Milk 
forms  an  emulsion  with  oi!s,  and  creates  the  same  condition.  Still  more  extraor- 
dinary is  the  experiment  of  Frerichs,  quoted  against  M.  Bernard  by  Lehmann, 
in  which  ho  injected  an  emulsion  of  oil  and  albumai  into  the  lignted  intestine, 
and  its  absorption  was  considered  as  a  refutation  of  M.  CI.  Bernard's  doctrine. 

'  See  Dr.  Bright'fl  resesrcbefl  on  this  point,  m  '^Mc(].-Chir.  Trans.,"  vol.  xriii. ;  also  cm 
Article  on  PanoreBtio  Diseaae  and  Fattj  Discharges,  in  "  Brit,  and  For  Med.-Chir,  Rev.," 
vol.  xiL  p.  Ibi.  [A  cose  ia  reported  bj  Prof.  Jaokson,  of  PUiladelphia,  in  which  Urge 
quantities  of  jellow  fatty  matter  wero  found  in  the  colun  of  a  man  wbo  died  of  scirrbai 
of  tbu  pancreas,  and  wboae  priocipal  autrimeul  liad  conHisted  of  cream,  a  large  proportioa 
of  the  fattj  bodies  of  which  had  undergone  no  emulaive  action,  and  tad  not  been  ab- 
torfaed. —  Ep.] 

*  <'  Do  Adipia  Concoctione  et  Abeorptione,"  Dorpat,  1860. 

■  Amer.  Jour.  Med.  Set.,  Oct.  ISM. 
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The  albomen  of  eg^  forms  a  most  perfect  nnd  a  persistent  emQlfion  with  oils. 
The  pure  pancreatic  juice  does  the  same.  This  Dr.  Jackson  has  witnessed,  and 
states  that  the  oil  docs  not  "  soon  separate  agaia  on  the  surface,"  as  Lehmann 
MMits.  The  pancreatic  juice,  tkF  I^hmann  shows,  differs  very  sliphilj  from  pure 
tlbnmen.  No  other  intestinal  6uid  pofiscsses  this  character  so  strongly,  and  no 
other  is  as  well  adapted  to  emulsify  the  fats  of  our  aliment. 

The  cystic  bile  la  yiscid  from  containing  a  larger  amount  of  nmcns  derived 
from  its  mucous  membrane,  and  by  agitation  forms  an  emulsion  with  oils.  This 
emalfiion,  he  states,  has  always  appeared  very  inferior  to  that  obtained  from  pure 
pftnereatio  juice,  or  albumen  of  egg.  Neither  is  it  as  persistent,  the  oil  beginning 
u  a  few  hours  to  separate.  The  hepatic  bile  is  much  thinner  and  contains  much 
mucus.  It  is  unknown  whether  it  will  form  an  emulsion  with  fats;  it  may 
iidered  as  very  doubtful.  No  piositive  facts  are  known  as  to  the  quantity  of 
bile  that  enters  into  the  duodenum  during  digCBtion.  The  probability  is, 
lat  it  is  very  small,  in  comparison  to  the  amonnt  of  freshly-secreted  hepatic  bilo 
coming  directly  from  the  liver.  This  view  gives  additional  confirmation  to  M. 
Bernard's  doctrine. 

T'he  liquid  albumiuose  jesulting  from  the  digestion  of  the  Blbuminons  principle 
of  the  food,  which  is  found  often  in  the  intestinal  canal  during  digestion,  may, 
from  its  accidental  presence,  concur  occasionally  in  the  formation  of  the  emulsion 
of  oils.  The  pancreatic  juice  is,  in  the  present  state  of  our  knowledge  of  the 
faetSy  th«  only  intestinal  humour  that  can  exercise  this  office  as  a  permanent 
fiuction. 

In  regard  to  the  conclusion  of  M.  Bernard,  that  the  fats  were  decomposed  by 
•he  pancreatic  juice,  as  assumed  by  Frerichs  and  Lenz,  even  if  so  asserted,  it  is 
not  probable,  for,  as  stated  by  I)r.  Jackson,  the  emulsion  of  fats  is  a  physical,  not 
ft  chemical  process.  It  consists  of  the  mechanical  division  of  fat^  into  the  mi- 
nuteiit  globules,  each  coated  with  a  delicate  fiilm  of  the  emulsifying  body — albumen 
in  chyle — casein  in  cream.  If  the  experiment  of  Bouchardat  and  Sandra.'*  be 
correctly  reported,  it  is  conclusive  on  this  point.  They  gave  to  a  dog  a  consider- 
able quantity  of  sweet  almond-oil.  After  some  hours  the  animal  was  killed. 
Some  of  the  oil,  unchanged,  was  found  in  the  stomach  and  intestines.  Tbe  Ino- 
lealfl  were  filled  with  white  chyle,  as  also  the  thoracic  duct.  A  portion  obtained 
from  this  last  was  treated  with  sulpharic  ether,  and  the  almond-oil  was  obtained 
unchanged  in  its  properties. 

**  Tbe  principal  fact  relied  on  by  the  above  German  physiologists  to  controvert 
M-  Bernard's  theory  of  fatty  decomposition  by  the  pancreatic  juice,  is  of  no  value. 
Butter  was  given  to  cats  and  dogs,  and  butyric  acid  was  sought  for,  but  not  found  in 
tbe  intestines.  This  is  considered  as  proof  that  the  butter  was  not  decomposed. 
It  proves  nothing  of  the  kind.  Butyric  acid  readily  decomposes.  It  cannot 
resist  the  activity  of  the  numerous  chemical  reactions  at  work  in  the  alimentary 
canal  during  digestion.  Lactic  acid  is  being  formed  incessantly  in  the  lunga  and 
inteBtinefl  from  the  metamorphosis  of  glucose,  sugar,  and  starch ;  it  is  as  speedily 
daoomposed.  The  same  occurs  with  the  bile.  In  the  fsecal  matters,  in  a  normal 
state  ef  tbe  bowels,  very  little  of  the  biliary  constituents,  other  than  tbe  colour- 
ing matter,  is  to  be  found.  The  conjugate  biliary  acids — glyco-cholic  and  tauro- 
cholic  —  disappear  and  are  destroyed.  Glyeocol  is  not  fuund ;  taurio,  occasionally 
detected  in  the  middle  of  the  alimentary  tract,  disappears  at  the  lower  portion. 
The  albuminous  materials  of  tbe  food  that  pass  beyond  the  stomach,  are  metamor- 
phosed in  the  intestines.  In  this  conflict  of  molecular  and  chemical  reactions,  it 
would  be  impossible  for  butyric  acid  to  exist.  It«  absence  is  no  evidence  that  it 
was  not  eliminated. 

The  strongest  objection  to  M.  Bernard's  docrine  is,  that  in  an  emulsion  of  oil 
formed  with  pore  albumen  the  fatty  body  is  not  deoompoeed.  An  emulsion  is  a 
physical,  not  a  chemical  process. 

It  consists  in  the  reduction  of  oil  to  the  minutest  particles — globulets — each 
oorered  with  a  coat  of  albumen  when  it  is  the  emulsifying  body,    Thia  ia  all  ibvit^ 
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18  required  to  impart  to  fats  the  capacity  for  absorptiou  into,  and  tbeir  passage 

through  tissues. 

The  mloption  of  M.  Bernard's  doctrine  involves  an  ineiplicable  difficulty.  If 
the  neutral  fata  are  decomposed  by  the  pancreatic  juice  bcfure,  or  at  the  titne 
of  absorption,  as  they  are  found  to  exist  in  the  adipose  tissue  in  their  original 
state  of  neutral  fats,  they  Diu$t  be  reconiposed  again  in  the  btood,  or  at  the  instint 
of  their  secretion.  To  accomplish  this  cliunpe  there  niupt  be  a  generation  of  oxide 
of  lipyl  and  glycerin,  the  bases  of  neutral  fats.  It  is  difficult  to  understand  how 
it  can  occur.  It  is  true,  Mulder  baa  uffercd  a  very  ingenious  hypothesis  to  show 
the  possibility  of  the  formation  of  those  bodies,  in  the  economy,  from  lactic  acid. 
But  the  whole  matter  is  so  entirely  hypothetical,  in  its  present  titate,  that  it  does 
not  comport  with  the  more  rigid  canons  of  modern  medical  philosophy,  and  can* 
Dot  be  accepted. 

The  state  of  our  knowledge  may  be  sumnicd  up  in  the  following  conclosions: — 

a.  Liquid  fate  are  not  miscible  with  the  aqueous  albu  mi  no-saline  flnid — liquor 
sanguinis — with  which  all  the  vuscular  tissues  are  saturated;  it  cannot  enter  their 
poreSj.  and  consequently  cannot  be  absorbed. 

b.  Liquid  fatB,  when  emulsified  by  albumen,  are  reduced  to  minute  partielea, 
each  coated  with  utbumcn.  In  this  state  they  are  miscible  with  the  liquor  san- 
guinis moistening  the  tissues,  can  enter  their  pores,  and  are  then  capable  of 
absorption.     This  is  the  sole  condition  requisite  for  the  absorption  of  fats. 

c.  The  white  milk-like  fluid,  named  chyle,  is  this  emulsion  of  the  fatty  matters 
of  the  food  mixed  with  the  ordinary  lymph  always  contained  in  the  lymphatics 
of  tbo  alimentary  canal,  and  other  abdominal  organs  and  mesentery.  The  mo- 
lecular base  of  Gully  is  the  microscopic  appearance  in  the  chyle  of  the  minute 
globulets  of  fat  coated  with  albumen. 

d.  Albumen  forms  a  perfect  and  persistent  emulsion  with  oils.  The  paocreatic 
fiuid  ia  a  saturated  albuminous  solution,  and  forms  with  oila  an  emulsion  eqoalij 
as  perfect  and  permanent  as  that  of  albumen. 

e.  The  pancreatic  juice  is  the  only  highly  albuminous  fluid  in  the  alimentary 
canal,  that  can  accouiplitsk  the  furmation  of  a  perfect  emalsioo  j  and  the  opinion 
of  M.  CI.  Bernard,  that  this  process  is  one  of  its  functions,  is  sustained. 

/  The  observations  of  M.  CI.  Bernard,  that  tbo  formation  of  the  emulsion  of 
fats  in  rabbits  is  at  and  below  the  pancreatic  duct,  and  not  above  it,  ia  confirmed 
by  the  experiments  detailed  above.  And,  further,  that  the  experiments  on  rab- 
bits are  the  most  reliable,  as  being  a  true  exemplification  of  the  mitnnil  process, 
unattended  with  violunce  and  torture  to  the  animals,  more  or  less  dt.sturbiog  in 
their  effects. 

ff.  That  M.  01.  Bernard's  view  of  the  decomposition  of  fata  by  the  pancreatic 
juice  is  not  proved,  is  opposed  by  the  nature  of  the  process,  and  by  analogy  with 
other  emulsions :  it  is  unnecessary  to  the  accomplishment  of  the  absorption  of 
fats,  and  introduces  other  and  complicated  processes  that  are  unknown  to  exist, 
and  are  mere  hypotheses." '  Ed.] — Of  the  amount  of  pancreatic  fluid  which  is 
daily  secreted  by  Man,  we  have  no  satisfactory  data  for  tbrming  an  estimate;  ac- 
cording to  the  experiments  and  calculations  of  Bidder  and  Schmidt  (op.  cit.),  it 
is  about  7  oz. 

110,  The  Duodenum  receives  not  only  the  Pancreatic,  but  also  the  Biliary 
secretion ;  and  from  the  constancy  with  which  this  fluid  is  poured  into  the  upfwr 

Eart  of  the  intestinal  tube,  or  even  into  the  stomach  itself,  in  all  animals  which 
ave  any  kind  of  hepatic  apparutua,*  it  seems  a  legitimate  inference  that  this 

'  [See  Amer.  Jour.  Med.  BoL,  Oct.  1854,  in  which  the  whole  of  Dr.  Jacksoo's  Talunble 
paper  appears.] 

•  See  "  Prioe.  of  Comp.  PhyB./'  Am.  Ed.,  18i;4,  JJ  405-411.— The  simplest  condition  of 
the  Liver,  such  as  we  meet  with  in  the  higher  R&diiita,  and  in  the  lower  Ardoalata  and 
Molluflca,  conaiata  in  a  seriei  of  follicles  lodged  in  the  walla  of  the  stomach  and:  of  the 
upper  part  of  the  intettixial  tube. 
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^tion  IB  not  purely  excrcmentitions,  but  serves  some  importaot  puqx>se  in  the 
'Stive  process.  It  is  not  easy,  however,  to  state  with  precision  what  this  pur- 
^5  i».  The  results  of  many  of  the  experiments  wliieh  have  been  made  to 
determine  it,  are  vitiated  by  the  fact,  that  the  pancreatic  duct  in  most  cases  dis- 
charges itself  into  the  intestinal  tube  at  the  same  point  wit'b  the  hepatic,  and  bas 
thus  been  frequently  involved  in  operations  performed  upon  it.  —  As  the  most 
important  constituents  of  Bile,  aod  the  apency  of  the  Liver  as  an  assiroiloting 
and  depurating  organ,  will  be  more  appmpriately  considered  elsewhere  (chaps. 
lY.  and  TX.).  we  shall  here  limit  ourselves  to  the  coDsidemtion  of  what  may  be 
regarded  as  the  best^stablished  facts  in  regard  to  the  uses  of  the  biliary  secretion 
io  the  digestive  process. 

111.  When  its  action  is  tested  out  of  the  body,  by  mingling  it  with  the 
different  constituents  of  food,  it  is  found  to  exert  no  change  upon  starchy 
substances  whilst  it  is  fresh ;  thoagb,  when  in  a  state  of  incipient  decomposi- 
tion, it  acta  upon  them  as  other  animal  Bubstanccs  do.     It  baa  uo  action  upon 
cane-sugar,  until  it  has  stood  a  considerable  length  of  time ;  but  then  it  converts 
it  into  lactic  acid.     This  change  it  speedily  exerts^  as  do  nearly  all  other  animal 
substances,  upon  grape-sugar.     It  has  no  action  on  albuminous  substances,  even 
when  acidulated.    And  although  it  will  form  an  emulj^ion  with  oleaginous  matter, 
yet  the  emulsification  is  less  complete  than  that  which  is  effected  by  the  pancre- 
atic fluid  alone.'     Hence  it  appears  to  be  deficient  in  anything  at  all  similar  to 
the  peculiar  ferments  of  the  saliva,  gastric  juice,  and  pancireatic  secretion ;  and 
its  office  in  digestion  must  be  of  a  diflFercnt  character  from  that  of  either  of  those 
laids.     The  nature  of  this  office  may  be  partly  judgcd-of,  from  what  takes  place 
rhen  fresh  bile  is  mingled  with  the  product  of  gastric  dige.^tion.     The  acid  re- 
ition  of  the  latter  is  neutralized  by  the  alkali  of  the  former,  and  a  sort  of  preci- 
itation  takes  place  (as  was  originally  noticed  by  Dr.  Beaumont),  in  which  certain 
constituents  of  the  bile  fall  down,  and  in  which  also  (according  to  M.  Bernard) 
the  albuminous  matters  that  have  been  dit^solved,  although  not  yet  absorbed,  are 
JbfT  a  time  rendered  insoluble,  leaving  the  saccharine  matters  in  solution,  and  the 
Ueaginuus  floating  on  the  top.     The  admixture  of  the  bile  with  the  elbymc  seems 
■irther  to  have  the  effect  of  checking  destructive  chemical  changes  in  its  compo- 
lltioD.     For  M.  Bernard  found  that  when  two  similar  pieces  of  meat  had  been 
immersed  for  three  months,  one  in  a  bottle  of  gastric  juice  alone,  and  the  other 

6 a  mixture  of  gastric  juice  and  bile,  a  strong  ammoniacal  odour  resulting  from 
wmposition  was  emitted  from  the  former,  whilst  the  latter  was  pure  and  free 
m  any  smell  whatever.    And  it  was  remarked  by  MM.  Tiedemann  and  Gmelin 
(and  also  recently  by  Hoffmann),  that  when  the  bile  was  prevented  from  past^ing 

gto  the  alimentary  canal,  the  contetits  of  the  latter  were  more  fceiid  than  usual. 
oreover,  it  is  fouud  that  the  admixture  of  bile  with  fermenting  substaucea 
lecks  the  process  of  fermentation  ;  and  M.  Bernard  has  shown  by  ingeniously- 
contrived  experiments,*  that  this  antagonistic  power  is  exerted  also  in  the  living 

jK>dy.     Henoe  we  can  understand  how  the  reflux  of  bile  into  the  stumncti  should 

■toiously  interfere  with  the  process  of  gastric  digestion;  and  how,  when  there  is 
a  deficient  secretion  of  bile,  or  more  food  is  swallowed  than  the  bile  provided  for 
it  can  act-upon,  or  the  character  of  the  biliary  secretion  itself  has  undergone  any 
serioQS  perversion,  there  should  be  much  more  than  the  normal  amount  of  putre- 
factive fermentation,  as  is  indicated  by  an  evolution  of  flatus,  and  very  frequently 
by  diarrhoea.  Further,  the  want  of  proper  neutralization  of  the  gastric  fluid  will 
caose  the  continuance  of  acidity  in  the  contents  of  the  intestinal  canal,  which  in 
its  turn  induces  a  state  of  irritation  of  its  raucous  membrane,  and  a  perversion 
of  ita  secretions :  and  it  is  one  of  the  beneficial  results  of  *  alterative '  medicines, 
wnploycd  to  remedy  this  condition,  that,  by  augmenting  the  secretion  of  bile,  thej 

,lMd  to  reproduce  a  state  of  neutrality  in  the  contents  of  the  alimentary  canal. 

^"[ireOYer,  the  presence  of  a  proper  quantity  of  bile  iu  the  intestine  seeiufl  to 

'  Dr.  Bence  Jones,  in  tbe  "Medical  Times,"  Julj  6,  1851. 
•  "  Amer.  Joam.  of  Mod,  Sci.,"  Oct.  1851,  p.  S61, 
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promote  the  eecreting  action  of  the  intestinal  glandulie,  and  also  to  contribatc  to 
uiiiintatn  the  puristakic  moTcment  of  tbe  walls  of  the  canal ;  this  appears  alike 
from  the  tendency  to  coostipntion,  which  is  usaalty  consequent  upon  deficiency 
of  the  secretion,  and  from  the  diarrfaooa  which  proceeds  from  its  excess;  and  u 
confirmed  bj  the  purgative  properties  which  inspissated,  ox-gall  has  been  found  to 
possess. 

lli:!.  Notwithstanding  all  its  uses,  however,  it  must  be  admitted  that  the  pre- 
vention of  the  discharge  of  bile  into  the  alimentary  canal  is  not  attended  with 
the  deleterious  results  which  might  have  been  anticipated  from  it;  for  it  has  beea 
found  by  the  experiments  of  Schwano,  Blondiot,  and  Bernard,  that  if  tbe  bile- 
duct  be  divided,  and  a  tube  be  inserted  in  it  in  such  a  manner  aa  to  convey-awsy 
the  secretion  through  a  fistulous  orifice  in  the  abdominal  parietes,  the  animals 
thus  treated  may  live  for  weeks,  months,  or  even  years,'  although  they  usually 
die  at  last  with  signs  of  inanition.  Of  the  quantity  of  bile  daily  poured  into  tbe 
alimentary  canal  of  Man,  we  have  no  other  mode  of  forming  an  estimate,  than 
by  observing  the  quantity  poured-out  from  the  bile-ducts  of  animals  in  sudi 
ciperiinenta  as  those  just  cited.  Blondlut  found  that  a  dog  in  which  he  had 
established  a  fistulous  opening  for  tbe  discharge  of  the  bile,  secreted  from  40  to 
50  grammes  in  the  twenty-four  hours  j  whence  he  inferred  that  an  adult  Mu 
secretes  about  200  grammes,  or  7  oz.  On  the  other  baud^  it  is  estimated  by 
Jiidder  and  Schmidt,  from  the  reeulta  of  their  experiments  on  various  animals, 
that  the  daily  amount  of  bile  secreted  by  Man  is  not  less  than  56  oz.  (avord.); 
of  which  about  5  per  cent  is  solid  matter.  It  appears  from  the  carefully-ooo- 
dttoted  observations  of  these  laborious  investigators,^  that  the  rate  of  secretion  it 
by  no  means  uniform,  but  that  it  bears  a  certain  relation  to  the  digestive  prooeas; 
the  quantity  poured-forth  in  a  given  time  being  greatest  about  10  or  12  houn 
after  a  futl  meal,  and  then  diminiiihiDg  until  it  reaches  its  minimum,  for  which 
about  as  many  oKire  hours  are  required.  Thus  a  Cat,  2  hours  after  a  full  meal  of 
flesh,  secreted  at  the  rate  of  7  5  grains  of  bile  per  hour;  at  the  4tb  hour,  9*7 
fi;raioB;  at  the  6th  hour,  11-6  grains;  at  the  8tb  hour,  12-7  grains;  and  at  th« 
lOih  hour,  13  grains.  From  the  10th  to  the  24th  hour,  the  secretion  diminished 
at  the  rate  of  4-10th8  of  a  grain  per  hour;  until  it  reached  the  lowest  of  the 
above  amounts.  The  secretion  diminishes  considerably  when  food  is  withheld  for 
some  time;  the  quantity  puured-out  after  teu  days'  starvation  being  only  about 
one-eighth  of  what  it  is  when  at  its  maximum.  Still  it  is  obvious,  that  although 
its  ral«  is  thus  greatly  indue  need  by  the  stage  of  the  digestive  process  (which  ia 
the  less  to  be  wondered-at,  when  it  is  remembered  that  the  secretion  is  formed  from 
blood  that  is  charged  with  newly-absorbed  and  imperfectly-assimilated  matters),  the 
exoremeutitious  chamcter  of  the  secretion  requires  that  its  elimination  shall  be 
constantly  going-oo  to  a  certain  degree;  but  a  receptacle  is  provided  in  Man,  as 
in  most  others  among  the  higher  animals  whose  digestion  is  performed  at  inters 
vals,  for  the  storing-up  of  the  fluid  until  it  can  be  usefully  employed  in  that 
process.  The  intestinal  orifice  of  the  ductus  choledoehua  is  closed  by  a  sort  of 
Bphincter ;  and  tbe  fiuid  secreted  during  the  intervals  of  digestion,  not  being  pro* 
spelled  with  a  force  KufScicnt  to  dilute  this,  flows  back  into  the  gall-bladder^  which 
dilates  to  receive  it.  The  presence  of  food  in  the  duodenum  seems  to  excite  the 
walls  of  the  gall-bladder  and  of  the  biliary  ducts  (which  contain  a  large  quantity 
of  not) -.striated  muscular  fibre),  to  a  contraction  sufficiently  powerful  to  propel 
their  contents  into  the  intestine,  in  spite  of  the  opposition  of  tbe  sphincter;  bufr 
whether  this  takes  place  through  a  reflex  action  of  the  nervous  system,  or  through 

■  At  the  meeting  of  the  French  Aendemy,  June  23,  1851,  M.  Blondlot  gave  the  hietoTj, 
and  an  uccouotof  the  poat-mortcm  cxamioatioa,  of  a  Dog  tLcit  hnd  Uved  fife  je&rs  without 
the  passage  of  luij  bile  into  the  intestinal  tube. 

•See  their  "  VcrdatiungHBafte  und  StoffwechBcl,"  |3  114 — 209;  aee  aJao  Lehmana'c 
•* Phjaiologiaohen  Cbemie."  2nd  edit,  band  ii.  pp,  64—67;  aad  "Brit  ojid  For.  Med* 
Chir.  Bev.,"  vol.  xii.  pp.  187—191- 
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tte  direct  stimnktion  of  the  muscular  coat  of  the  duct  hy  the  passage  of  alimea- 
t&rj  matters  over  its  orifice,  we  have  at  present  no  means  of  satisfactorily  deter- 
mining. It  will  be  recollected  that  the  pall-bluddcr  is  usually  found  distended 
with  bile,  in  cases  of  death  from  starvation  (§  71),  uotwithgtanding  the  diminu- 
tion in  the  amount  actually  secreted. —  Of  the  bile  which  is  poured  into  the  intes- 
tinal tube,  by  far  the  greater  proportion  seema  to  be  reabsorbed  (§  117). 

113.  Besides  the  biliary  and  pancreatic  secretionSt  there  is  poured  into  the 
npp«r  part  of  the  Intestinal  canal  a  fluid  secreted  in  its  own  widls,  which  has 
received  the  designation  of  Succjig  Enkricut.  It  seems  not  improbable  that  the 
BeeretioD  of  this  Buid  may  be  the  function 
of  the  Glands  of  Brunner,  which  are 
small  racemose  clusters  of  follicles  (Fig. 
27),  imbedded  in  the  walb  of  the  duode- 
Dum,  extending  also  to  the  comimencemcot 
of  the  jejunum.  The  Intestinal  juice  ap- 
pears, from  the  researches  of  Bidder  and 
Schmidt,'  to  be  a  colourless  viscid  liquid, 
invariably  alkaline  in  its  reaction,  and 
cootAiniog  from  3  to  3^  per  cent  of  solid 
ma£t«r.  The  total  amount  daily  secreted 
in  Mao  is  estimated  by  these  experi- 
menters at  about  7  oz. ;  the  rate  of  its 
secretion  seems  to  be  most  rapid  five  or 
fiii  hours  after  a  meal ;  and  irs  quantity 
is  considerably  increased  shortly  alter  the 
ingestion  of  fluid,  and  this  without  any 
diminution  in  the  proportion  of  its  solid 
constituents.  The  properties  of  this  se- 
cretion   are  extremely   remarkable ;    for 

according  to  the  results  obtained  by  Bidder  and  Schmidt  and  their  pupil  Zander 

(which  are  now  admitted  by  Lehmann),  it  exerts  a  solvent  action  on  albuminous 

bodies  scarcely  inferior  to  that  of  the  gastric  juice,  and  a  power  of  converting 

starch  into  sugar  which  is  scarcely  less  than  that  of  saliva  or  puncreatio  fluid. 

L  114.  The  fluid  of  the  Small  Intestines,  which  is  compounded  by  the  intermix- 

ftire  of  the  biliary  and  pancreatic  secretions,  with  the  salivary  and  gastric  fluids. 

Bid  with  the  secretion  of  the  iDte^tinal  glandulse,  appears  to  possess  the  very 

ymliar  power  of  dissolving,  or  of  reducing  to  an  absorbable  condition,  alimentary 

mibstanees  of  every  class ;  thus  possessing  more  of  the  character  of  a  '  universal 

solvent,'  than  either  of  these  secretions  has  in  its  separate  state.     It  completes 

the  conversion  of  starchy  into  saechannc  matter;  and  thus  enables  the  former  to 

fpply  the  blood  with  an  important  pabulum  for  the  combustive  process,  which  is 
once  absorbed  into  the  blood-vessels.  It  emulsifies  the  oleaginous  matter,  and 
us  renders  it  capable  of  being  introduced  into  the  lacteals.  And  it  not  only 
restores  to  the  state  of  solution,  those  albuminous  compounds,  which  may  have 
been  precipitated  by  the  addition  of  bile  to  the  product  of  gastric  digestion  ^  but 
it  also  exerts  a  powerful  solvent  influence  upon  albuminous  substances  which  have 
not  been  submitted  to  the  previous  agency  of  the  gastric  fluid  (as  has  been  shown 
by  experimentally  introducing  pieces  of  ineat,  through  a  j&stulous  orifice,  dirccily 
ito  the  duodenum),  and  it  thus  completes  the  solvent  process  which  had  been 
iry  far  from  perfected  in  the  stomach.'     What  is  the  precise  share,  however,  of 

'  Op.  eit.  \\  230 — 282;  and  Lchmaoa's  "PhjBioIogiachen  Chemie,"  2nd  edit,  bond  ii., 

9^—99. 
•8*e  the  account  of  M.  CI.  BernBrd's  refearches  in  the  ••Amer.  Joum.  of  Med  Sd.," 

1851,  p.  856;  Zunder  "  De  8ucco  Enterico,"  inaug.  diss.,  Dorpat,  186{l;  and  Frerioba 

Vtntauwig,  in  "  Wagner's  Unndworterbucb,"  band  iil. 


Portion  of  one  of  Bnmntr't  Qlandt,  from  ih« 
Ilumaa  Duodenam. 
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e>cb  of  these  secretions,  id  prodaciog  this  composite  result,  cannot  be  stated  with 
JBBjr  degree  of  certainty. —  It  is  obTious  tbat  the  arnount  of  each  kind  of  aliment- 
ary subetBDce  that  can  be  thus  prepared  for  abforption  in  a  given  tioie,  will  rarj 
with  the  amount  of  the  eecrelion  bj  whose  ageocy  this  preparation  is  specially 
affected ;  and  aa  there  are  many  indications  that  the  quantity  of  each  that  ia 
uken-up  in  absorption  is  limited,  and  that  it  bears  a  relation  to  the  wants  of  tlie 
system,  it  ia  probiibJe  that  the  amount  of  the  solvent  or  reducing  fluid  secreted 
by  each  glandular  apparatus,  is  regulated  (as  we  have  seen  it  bu  be  in  the  case  of 
the  gastric  juice,  §  llIU)  by  the  demand  set-up  by  the  nnfrient  operations,  rather 
than  by  the  amount  of  alimentary  matter  that  ia  wafting  to  be  digested. — Tba 
processes  of  digestion  and  conversion  are  pnibably  continued  during  the  entire 
transit  of  the  alimentary  matter  aloog  the  small  intestine,  and  at  the  same  due 
the  products  of  that  conversion  are  gradually  being  withdrawn  by  absorbeDt 
aodoD ;  so  that,  by  the  time  it  reaches  the  caecum,  the  undigested  residue  cot)- 
tatoa  little  else  than  the  innutrttious  or  iit.>«oluble  components  of  the  food,  tngetbef 
with  the  eicrementitJOQS  portion  of  the  bife  and  of  other  secretions.  Up  to  this 
time,  the  contents  uf  the  canal  have  an  alkaline  reaction ;  but  in  the  csecum  thej 
•gain  become  acid;  and  it  has  been  supposed  that  this  cfaange  depends  upon  the 
secretion  of  a  fluid  analogous  to  the  gastric  juice,  by  the  large  and  numerotu 
tubular  glands  contained  tn  the  parietes  of  this  part,  whereby  the  albuminnos 
matters  still  undigested  might  be  more  completely  dissolved.  This  supposition 
appeared  to  derive  weight  from  the  fact,  that  thi^  ctecum  is  peculiarly  large  in 
most  Herbivorous  animals,  the  'appendix  vermiformis*  being  also  of  greatlj- 
increased  dimensions,  and  sometimes  double.  But  from  the  csperiments  and 
observations  of  Blondlot,  it  seems  probable  that  the  acid  of  the  c&>cum  is  rather 
E  product  of  the  traosfonaation  of  saccharine  substaace^i  iu  the  alimentary  canal, 
than  a  secretion  from  its  walls.'  Still,  as  this  lactic  acid  has  a  solvent  power  for 
albuminons  matters,  wbich  is  equal,  or  nearly  so,  to  that  exerted  by  hydrochloiio 
acid,  it  is  by  no  means  impossible  tbat  it  may  be  subservient  to  the  completioa 
of  the  digestive  process  in  the  cases  in  question  j  since,  the  larger  the  proportioo 
of  the  aliment  composed  of  saccharine  matters,  the  greater  will  be  the  importance 
of  a  thorough  extraction  of  its  albuminouB  oonatitucnis. 

115.  The  Intestinal  tube  is  furnished,  throughout  its  entire  length,  with  innu- 
merablo  simple  open  glandulae,  the  'follicles  of  Lieberkuhn;'  these  are  straight 
narrow  caeca,  standing  side  by  side,  with  very  little  intervening  substance  (oioept 
where  the  Peyerian  bodies  lie  amongst  them),  and  corresponding  in  length  with 
the  thickness  of  the  mucous  membrane.    Their  orifices  are  seen  iu  the  interspaces 
between  the  villi,  where  they  are  so  closely  set-together  aa  to  seem  like  the  aper- 
tures of  a  sieve ;  and  they  are  arranged  in  rings  around  the  Peyerian  glandulso 
(Fig-      )•     T^*  precise  nature  of  their  secreiion  is  unknown  ;  and  it  seems  not 
ioiprobable  that,  notwithstanding  the  close  resemblance  which  they  bear  to  one 
another  in  anatomical  cliaraetcrs,  there  may  be  some  variety  of  function  among 
them.    Thus  it  is  likely  that  some  of  them  (like  the  mucous  glandulte  of  the 
stomach)  are  everywhere  destined  to  supply  a  protective  mucus ;  whilst  some  of 
A|iMe  in  the  higher  part  of  the  intestinal  tube  may  furniah  the  succus  enlericus; 
nA  «WD©  of  those  in  the  lower  may  be  concerned  in  the  elimination  of  tbat  pecu- 
Vm^  fecal  matter,  which  seems  to  be  rather  an  excretion  from  the  blood,  than 
teTfflalt  of  the  decomposition  of  any  constituents  of  the  food  (§  118).     [The 
^^M^M  glands  are  found  both  in  tlie  small  and  large  intestines.    In  the  latter 
^^^2mB  the  alveoli  of  the  retieulared  portion,  and  constitute  the  floor  of  ihoM 
^^^^    IWrf  *n  white,  semi-transparent,  oltscurely  lobulated,  and  provided 
tperture.     In  a  word,  they  correspond  bo  completely  with  the 
of  the  skin,  that  the  analogy  betwocu  them  is  forced  on  the 
and  semi-tniDsparency  being  due  to  their  epithelial  stroo* 
^^  the  sebiparous  glands. 
M  **  Traill  anuljtjque  de  la  Pigevtion,*'  p.  lOS. 


INTESTINAL    DIOBBTION. 


129 


cL-ri< 


k 


'/, 


Tbe  TOUcipaToas  glands  of  the  email  intestine,  according  to  the  same  observer, 
have  hitherto  escaped  obsen-atiun,  or  have  been  confouaded  with  irregular  patches 
of  aggregated    glands.       Mr.  Wilson 
has  found  them  ooly  in  the  lameJlatcd  Fio>  39. 

Kucous    mcmbraDe    (Fig.    20),   and 
incipally    on    the    valvtil^    oonni- 
veutes.     In  this  portion  of  the  mem- 
bnne  thej  Mem  to  take  the  place  of 
tsmple  follicles,  which  latter  appear  to 
t^   wholly   abeent.      Tht>y   occur  in 
B  large  aa  a  lentil,  but  per- 
flat,  and  are  identical  in  Btruc- 
^tnre  with  the  mucous  membrane  of  tbe 
'  ]ac^  intestine,  cousisting  of  a  reticular 
frame-work  and  alveoli.     Each  alveo- 
lus, which  is  polygonal,  and  mostly 
hexagonal  in  form  (Fig.  30),  contains 
a  muciparous  gland,  which  forms  its 
floor,  and  is  supplied  with  a  central 
ejccretory  opening.     Around  the  cir- 
cumference of  the  glandular  patch  the 

reticolar  structure  is  imperceptibly  lost  in  tbe  lamelltc  of  the  lamellated  structare. 
The  surface  of  the  mucous  membrane  of  the  lar^e  intestine  presents  this  most 
nbrions  difierenco  from  that  of  the  stomach,  namely  enioothncss;  a  difference 
which  is  as  apparent  to  the  naked  eye,  as  to  the  eye  armed  with  the  microscope. 
Wlien  examined  by  the  microscope,  there  is  observed  a  great  symmetry  of  tlie 


\ 


A  portion  of  the  mucous  laetiibrHiic  of  the  je- 
JuDuin  lying  between  the  ralrulie  connivenio»> 
magnified  nineteea  time!),  and  showing  Ibe  1^ 
mellated  and  ooavoluted  furm  of  viili ;  tha 
breadth  of  tbe  lamellae  is  ^\f  of  an  ineb. 


FlO.  SO. 


Fig.  31. 


A  porUoB  of  th«  frM  border  of  on*  of  the 
valrulae  eonnirentes  of  the  jejacum,  magni- 
S«d  19  timei,  and  •bowing  an  alreolar  and 
glandular  ftnictaro,  not  hitherto  described. 
Xba  mode  of  transition  of  tbe  lamellated 
Into  ibe  alveolar  atractnre  is  »een.  Tbe  al- 
veoli meaaorvd  fj^  of  an  inch  by  ^Btri  being 
aa  large  a*  those  of  the  itomsch,  and  some- 
vbat  larger  than  thojie  of  the  large  intestine ; 
the  (epta  measured  between  j^n  and  ^Tt  *>'' 
wa  inch  in  width ;  tbe  alveoli  were  shallow, 
aad  contained  in  their  bate  a  tnaeoaa  gland 
with  an  excretory  opening. 


A  portion  of  the  raacoaa  membrane  of  Lne 
large  iotettine,  magnified  75  limes.  The  al- 
veoli measured  3^  of  nn  inch  in  length,  by 
x\v  in  breadth;  the  septa  between  the  al- 
veoli meosaring  f^^  of  an  inch  in  width. 
The  alveoli  are  less  regular  in  form  and  sbal^ 
lower  than  those  of  the  stomach  ;  and  in  the 
bottom  of  each  is  a  gland  with  a  central 
excretory  aperture.  In  some  of  tbe  larger 
alveoti  there  are  two  glands 


reticulum  and  alveoli,  a  greater  breadth,  lesser  degree  of  prominence,  and  flat- 
oev  and  evenness  of  the  septa,  and  an  elliptical  form  and  eballownesa  of  the 
alveolar  spacee,  at  the  bottom  of  which  are  also  discovered  mucous  glands  having 
•  oeotnl  excretory  aperture'  (Fig.  31). — Ed.] 


Q 


[Vide  Wilson,  op.  cit,] 
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116-  The  undigested  residue  of  the  food,  mingled  with  the  produeta  of  secre- 
tion that  have  been  poured  iuto  the  aliiuentjiry  canat,  graduallj  acquires,  in  the 
large  intestine,  the  ordinary  consistency  of  Faeces,  through  the  continuance  of 
the  absorbent  process,  whereby  the  superfluous  fluid  is  removed.     The  condition 
of  this  residue  has  been  particularly  studied  by  Dr.  Rawitz,  who  examined  mi- 
croscopically the  products  of  the  nrtificiiil  digestion  of  different  kinds  of  aliment, 
and  the  conteuts  of  the  ffccea  of  differeut  animals  that  bad  eaten  the  same  arti- 
cles.    "The  general  results  of  his  examinalions.  as  regards  animal  fyixl,  show 
that  the  muscular  tistsue  breaks  up  into  its  constituent  fasciculi,  and  that  these 
•gkio  are  divided  transversely;  gradually  the  transverse  striae  become  indistinct 
and  then  disappear;  and  finally  the  sarcolemnia  seenas  to  he  dia.soived,  and  ao 
trace  of  the  tisjiue  can  be  found  in  the  chyme,  except  a  few  fragments  of  fibres. 
These  changes  ensue  mctst  rapidly  in  the  ticsh  of  tish  and  hares,  less  rapidly  in 
that  of  poultry  and  other  auimola.     The   fragments  of  muscular  tissue  which 
remain  after  the  continued  action  of  the  digestive  fluid,  do  not  appear  to  undergo 
any  alteration  in  their  passage  through  the  rest  of  the  intestinal  canal;  for  similir 
fragments  may  be  found  in  faeces,  even  twenty-four  hours  after  the  introduction 
of  the  meat  iuto  the  stomach.     The  cells  of  cartilage  and  libro-cartilage,  except 
those  of  &&h,  pass  unchanged  through  the  stomach  and  intestines,  and  may  be 
found  in  the  faoccs.    The  intrristitiul  tissues  of  these  structures  are  converted  ioto 
pulpy  tcxtureless  substanceij  in  the  artihcial  digestive  fluid.'     Fatty  matters  also 
are  uuchaogcd  ;  fat-cells  are  sometimes  found  quite  unaltered  in  the  fieces ;  and 
crystals  of  cholcsterin  miay  usually  be  obtained  from  faeces,  especially  after  the 
use  of  pcjrk-fat. — As  rcgurda  vegetable  substances,  Dr.  Rawitz  states  that  he  fre- 
quently found  large  quaatities  of  cell-membranes  unchanged  in  the  fteces;  also 
fitarch-cells,  deprived  of  only  part  of  their  contents.     The  green  coloariDg  prin- 
ciple, chlorophyll,  was  usually  unchanged.      The  walls  of  the  sop-vessela  and 
Bpiral  vessels  were  quite  uuaitered  by  the  digestive  fluid,  and  were  usually  found 
in  large  quantities  in  the  fseces;  their  contents,  probably,  were  removed."* — 
Besides  the  undigested  residue  of  the  food,  the  microscope  enables  us  to  recog- 
nize the  brown  colouring-matter  of  the  bile,  epithelium-cells  and  mucus-corpus- 
cles, and  varioua   aaline   parlielefi,   especially  those  of  the  ammonio-magnesian 
phosphate,*  whose  crystals  are  well-defined;  most  of  which  are  derived  from  the 
secretions. —  The  quantity  of  faecal  discharge  which  is  daily  passed  by  an  adult, 
seems  to  average  from  4  to  6  oz. ;  but  this  contains  75  per  cent  of  waterj  so  that 
the  dry  solid  matter  thus  evacuated  ia  not  above  1  oz.  or  1  j  oz.     Of  this,  from 
2iS  to  '6\\  per  cent  (the  proportion  being  highest  when  an  abundant  meat  ditt 
has  been  consumed)  consists  of  an  Inorganic  ashj  the  oompofiitioa  of  which  is 
stated  by  Enderlin  to  be  aa  follows :  — 

'  It  bBB  been  pointed-out  to  the  Author  b;  bis  Mend  Mr.  Quekett,  that  elBstic  fibres  art 
occaBionallj  to  be  met  with  in  the  Human  feeces,  which  present  an  appearance  of  trans- 
Terse  dirision  (probably  reaultiug  from  incipient  deoompoaition)  closelj  resembliag  thai 
which  is  normal  in  the  ligameDtutn  tiuchic  of  the  Giraffe.  So  distinct,  indeed,  does  the 
trauaverse  divisiau  then  become,  tbat  ibese  fibrea,  wben  peculiarljr  abundant  (as  tfaej  are 
in  the  ficcea  of  peraona  who  huve  fur  aoiiie  time  been  living  upon  inutlun-ohops,  and  have 
not  put  aside  the  segment  of  tbc  aorta  which  each  chop  incluilca),  baTe  aotuaU;  been  mie- 
taken  for  a  Confervoid  growth  in  the  fteces. 

'  The  aboTe  passages  ia  quoted  from  Messrs.  Kirkes  and  Paget's  "  Hand-hook  of  Phyaio- 
^"gJ'"  'I'  which  it  ia  deriTed  from  llie  Meniuir  by  Dr.  Rawiti  "  Ueber  die  Einfachen  Nah- 
rangsmittel,"  Breslau,  1846.  —  See  also  the  Inaugural  Theses  of  Websarg  and  Ihriug 
(Giestien,  1853),  of  which  an  analysis  is  given  in  ihe  "  Brit,  juitl  For.  Mt<d.-Chir.  Review," 
vol.  xiv.,  p.  528. 

*  The  presence  of  this  salt  in  the  fseces  waa  mamtained  by  Schonlcin  to  he  pathognomonic 
of  typhus ;  bu(  more  reecnt  and  correct  observations  have  ehown  that  this  view  is  fallacioos. 
Crystals  of  this  salt  aometimes  occur  in  perfectly  normal  feces  ;  and  La  those  cases  in  which 
the  accreted  fluids  and  the  contents  of  the  iuteatiae  readily  undergo  deeompoaitioo.  ««  ia 
typhus,  cholera,  and  certjiin  forms  of  dysentery,  they  are  found  ia  large  numbers  and  vf 
Considerable  siie. 

*' Ann.  de  Chem.  uud  Pharm.,"  1844. 
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Alkaline  chlorides  and  in]phatea 1  8C7  >  ^  ,  .,    , 

B.bMic  phosphate  ofaoda.  _.. „....     2  633  ]  ^o'^Wo  in  water. 

PhotphaltM  of  Umt  and  magnetia 80-372'* 

Phosphate  of  iron » 2  090  I  .      ,  ui    • 

Sulphate  of  lime „ 4-580  M"«I«We  m  water. 

8Uic»...~ 7-940  J 

The  potash  geDerallj  predominates  greatly  over  the  poda,  but  espcciailj  when  the 
diet  hag  chiefly  consintted  of  muscular  fletth.  The  study  of  the  compositioo  of 
the  Organic  portion  of  the  Ftooes  is  attended  with  so  much  difficulty  and  un- 
pleas&ntDess,  that  it  haa  hitherto  been  scarcely  prosecuted  Bystcmaticaily.  Ac* 
cording  to  the  recent  enquiries  of  Dr.  Marcot,'  healthy  human  excrements  contain, 
— 1.  A  peculiar  crystulliuc  substuifce,  having  an  alkaline  reaction,  containing  both 
Ditntgen  and  sulphur,  fusing  at  about  203°,  and  at  a  higher  temperature  burning 
amy  without  inorganic  residue;  this  he  proposes  to  call  Exiretine;  2.  A  fatty 
acid,  having  the  properties  of  Margaric  acid,  but  not  constantly  present;  3.  A 
colouring  matter,  similar  to  that  of  blood  and  urine;  4.  A  light  granular  colour- 
less sulwiance,  sparingly  soluble  in  ether,  fusible  by  heot,  and  burning  with  a 
bright  fuliginous  flame,  leaving  a  white  residue  composed  of  phosphate  of  potash ; 
thb  is  probably  a  combination  of  phosphate  of  potuah  with  a  pure  organic  sub- 
rtaooe;  5.  An  acid  olive-coloured  subtitanee  of  a  fatty  nature,  termed  ExcretoUc 
acid;  this  is  probably  united  in  faeces  with  excretine  or  a  basic  substance  closely 
allied  to  it.  Neither  butyric  nor  lactic  acid  could  be  discovered  in  healthy  Human 
excrement;  although  the  former  presents  itself  in  the  excrenients  of  Carnivorous 
Mammalia,  which  contain  also  a  substance  allied  in  its  nature  to  excretine,  but 
not  identicuil  with  it. 

117.  Of  the  degree  in  which  the  Bile,  as  a  whole,  normally  enters  into  the 
composition  of  the  faeces,  it  is  difficult  to  speak  with  precision.  Its  priutupal 
constituents  can  easily  be  recognised  in  the  upper  part  of  the  email  intestine ;  but 
the  further  we  descend  in  the  intestinal  canal,  the  less  of  them  do  we  raeet-with ; 
aod  in  the  contents  of  the  targe  intestine,  and  in  the  evacuated  faeces,  they  arc 
seldom  to  be  discovered.  How  far  this  result  depends  upon  their  removal  from 
the  alimentary  canal  by  re-absorption,  and  how  far  upon  the  loss  of  their  charac- 
teristic properties  by  decomposition,  cannot  be  stalled  with  certaioty.  That  the 
i-olouring-matter  of  the  fmces  is  in  groat  part  derived  from  the  bile,  is  nhown  by 
their  paleness  when  that  secretion  is  not  duly  poured  into  the  intestioHl  tube. 
And  it  is  probable  that  the  peculiar  fatty  substances  just  described,  are  products 
of  the  metamorphosis  of  its  oleaginous  and  resinous  matters.  The  .'similarity 
which  has  been  found  to  exist  between  the  odour  of  certain  components  of  putre- 
fying bile,  and  that  of  faeces,  has  led  Prof  Valentin  to  suppose  that  the  matter 
which  gives  to  the  latter  their  characteristic  smell,  is  cntireiy  derived  from  de- 
composing bile.  We  shall  presently  gee,  however,  that  other  sources  of  this 
matter  probably  exist  (§  US)  ;  and  the  recent  researches  of  Bidder  and  Schmidt 
upon  the  amount  of  tu/j>hur  in  the  faK:es,  appear  to  show  that  not  above  one- 
eighth  of  the  solid  matter  of  the  bile  is  noruiully  excreted  under  this  form.  The 
indications  of  the  presence  of  bile  are  more  distinct,  however,  when  the  fjeces 
have  remained  for  only  a  »hort  time  in  the  large  inlestioCr  and  when  there  has 
consequently  been  less  time  for  its  rc-absorption.  In  the  fs&cal  discharges  which 
nsolt  from  the  action  of  mercurials,  lurge  quuutities  of  biliary  matter  may  be 
d«tieoUKlf  very  little  changed. 

118.  Although  it  cannot  be  stated  with  certainty,  what  is  the  precise  portion 
of  the  Glandular  apparatus  connected  with  the  Intestinal  canal,  which  is  con- 
cerned in  the  elimination  of  that  peculiarly  putrescent  matter  which  gives  to  the 
~        their  characteristic  odour,,  yet  it  may  be  stated  almost  with  certainty,  that 

natter  is  «c/  derived  from  the  decompoaition  of  the  undigested  rrsidue  ot 
the  food.     For,  in  the  first  place,  this  residue  consists  of  matters  whose  very 
'  "Proceedings  uf  the  Roval  Society,"  June  16,  1854. 
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ioaptitode  for  undergoing  cheroical  change  ia  the  source  of  their  indigestibility: 
and  it  is  scarcely  possible,  therefore,  to  imngine  that  in  so  short  a  period  they 
Bhould  acquire  a  character  so  peculiarly  offensive.  But  further,  we  observe  that 
faK*!il  matter  ia  still  diseharged,  even  in  considerable  quantities,  long  after  the 
iDteatinal  tube  b&a  been  completely  emptied  of  ita  alimentary  contents.  We  tee 
this  in  the  course  of  many  diseases,  when  food  i»  not  taken  for  several  days, 
during  which  time  (he  bowels  have  been  completely  emptied  of  their  previoos 
contents  by  repeated  evacuations.  Sometimes  a  copious  iui  of  putrcs<»ent  tuatter 
continues  to  take  place  spontaneou.'fly ;  whilst  it  ia  often  prnduce<i  by  the  agency 
of  purgative  medicine.  The  "  colliquative  diarrliceii,"  which  frequently  comes 
on  at  the  close  of  exhausting  diseases,  and  which  usually  precedes  death  by  star- 
vation, appears  to  depend,  not  bo  much  upon  a  disordered  state  of  the  Becreting 
^organs  themselves,  as  upon  the  general  disintegration  of  the  solids  of  the  body, 
rhich  calls  them  into  extraordinary  activity,  for  the  purpose  of  separating  (be 
decomposing  matter  which  has  accumulated  in  It  to  a  mof^t  unusual  amount  (§  T2'). 
— These  views  (which  have  long  been  taught  by  the  Author)  derive  a  remarkable 
confinnation  from  the  experiments  of  Prof.  Liebig  on  the  production  of  artificial 
foDciil  matter.  For  he  has  ascertained  that  if  albuminous  or  gelatinous  compounds 
be  heated  with  solid  hydrate  of  potash,  and  the  heat  be  continued  until  th« 
greater  part  or  the  whole  of  the  nitrogen  has  been  dissipted  as  ammonia,  and 
hydrogen  begins  to  be  given-off>  the  residue,  when  supersaturated  with  dilute 
eulphurio  acid,  and  distilled,  yields  a  liquid  containing  acetic  and  butyric  acids, 
and  possessing  in  a  very  intense  degree  the  peculiar  and  characteristic  odour  of 
human  fooces.  The  odour  varies  according  to  the  substance  employed ;  and  in 
this  wuy  all  varieties  of  faecal  smell  may  be  obtained.  As  the  action  of  caustic 
potash  at  a  high  temperature  is  simply  a  limited  or  incomplete  oxidation  or  com> 
busfionj  thi«  curious  result  confirms  the  view  which  had  been  previously  put-forth 
by  Prof.  Liebig,  that  the  proper  facal  matter  is  the  product  of  the  imperfect  oii* 
dation  which  a  portiou  of  the  histogenctic  constituents  of  the  food  undergo  in 
the  course  of  their  retrograde  metatnorpboaia,  being  comparable  to  the  soot  or 
lamp-black  of  a  furnace  or  lamp.  It  is  further  urged  by  him,  that  the  condition 
I  of  the  faeces  differs  in  many  particulars  from  that  of  substances  in  a  state  of  fer- 
'mentation  or  putrefaction  j  that  their  peculiar  odour  is  entirely  unlike  any  that 
^IB  generated  by  the  ordinary  decomposition  of  organic  compounds,  whether  azotized 
or  non-azotized  j  and  that,  by  contact  with  air,  they  themselves  undergo  a  sort  of 
fermentation  or  putrefaction,  in  which  their  peculiar  fcctor  disappears, — a  fact,  as 
be  justly  remarks,  which  is  full  of  significance.'  This  view  is  of  great  practical 
importance  j  for  if  it  be  true  that  the  intestinal  canal  receives  and  discharges  the 
product*  of  the  secreting  action  of  a  glandular  apparatus,  whose  special  function 
is  the  elimination  of  certain  products  of  decomposition  from  the  blood,  the  fa- 
cility with  which  we  can  stimulate  this  to  increased  action  by  certain  kinds  of 
purgative  medicine,  gives  us  a  most  valuable  means  of  augmenting  its  dcpurative 
action.  Seeing,  as  no  observant  Medical  Practitioner  can  avoid  doing,  how  fre- 
quently Nature  herself  employs  this  means  of  cHininBting  morbific  matter  from 
the  system, — as  is  shown  by  the  immense  relief  often  given  by  an  attack  of  diar- 
rhoea,—  we  may  look  upon  this  apparatus  as  one  which,  like  the  Liver,  the  Kid- 
ney, or  the  Skin,  may  frequently  with  propriety  be  stimulated  by  medicines  that 
have  a  special  action  upon  it,  and  one  through  which  some  morbific  matters  may  be 
gotten  rid  of  more  certainly  and  more  speedily  than  through  any  other  channel. — 
It  is  not  intended  by  these  observations  to  encourage  the  system  of  violent  and 
indiscriminate  purgation;  but  to  show  that  purgatives,  judiciously  administered, 
uften  constitute  our  best  means  of  eliminating  injurious  matters  from  the  system* 

'  See  Prof.  Liebig's  ••  Animal  Chemistry,"  8rd  edit,  pp.  148 — Io4« 
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CHAPTER  IV. 


OF    ABSORPTION    AKD    SANGUIFICATION. 


1.   Of  Absorption  from  the  Duje*tive  Cavity. 

119.  So  long  as  the  Alimentary  mntter  remnina  in  tlie  Digestive  cavily,  how- 
ever perfect  may  be  its  state  of  preparation,  it  is  as  far  from  being  conducive  to 
tlie  nutrition  of  the  systein,  as  if  it  were  in  contact  with  the  external  surface. 
It  is  only  when  absorbed  into  the  vessels,  and  carried  by  the  circulatinj];  current 
through  the  very  eubstauce  of  the  body,  that  it  bccomca  capable  of  being  appro- 
priated by  its  varioujj  tiaaucs  and  organs.  In  Man,  aa  in  nearly  all  vertebrated 
auimalf,  a  ect  of  vesf*el9  is  interposed  between  the  walls  of  the  intestine  and  the 
Banguiferoiis  Ky8tein ;  for  the  purpose,  aa  it  would  seem,  of  taking-up  certain 
components  of  the  nutritive  matter,  of  which  part  at  least  are  not  in  a  state  of 
perfect  solution,  and  of  preparing  them  for  being  introduced  into  the  current  of 
the  blood.  These  are  the  Abwrhenti  of  the  intestinal  wallfl ;  of  which  those  that 
are  found,  after  the  performance  of  the  digestive  process,  to  contain  the  white 
opalescent  fluid  known  as  'chyle,'  are  distinguished  as  lacteah;  while  the  re- 
mainder, like  the  absorbents  of  the  system  generally,  are  known  as  fifmphatica. 
The  distinction  is  a  purely  artificial  one;  for  the  '  lacteals '  are  the  '  lymphatics' 
of  those  parts  of  the  intestinal  walls  which  they  supply,  as  is  shown  by  the  fact 
that,  during  the  intervals  of  the  digestive  process,  they  contain  a  transparent  fluid 
in  all  respectB  similar  to  the  'lymph'  of  other  parts. — The  Absorbents  form  a 
minute  plexus  beneath  the  mucous  lining  of  the  alimentary  canal  along  it.<4  whole 
extent;  but  in  the  small  intestine  they  enter  the  villi,  at  the  extremities  of  which, 
indeed,  they  may  be  said  to  commence.  Those  only  are  entitled  to  the  det:i<:;na- 
tion  of  '  lacteals,'  which  originate  from  the  intestinal  canal  below  the  point  at 
which  the  biliary  and  pancreatic  ducts  pour  their  contents  into  it;  for  above  that 
point,  the  fatty  constituents  of  the  alimentary  matter  are  not  in  a  state  of  suffi- 
ciently fine  division  to  enter  them ;  and  the  absorbed  fluid  is  consequently  pellu- 
cid, instead  of  possessing  the  milky  aspect.  Thus,  then,  we  are  to  consider  the 
lacteal  portion  of  the  Absorbent  system,  to  be  that  part  of  it  which  is  specially 
adapted,  by  ita  prolongation  into  the  villi,  fur  the 
reception  of  an  oleaginous  fluid;  which  we  shall 
presently  see  to  be  taken-up  from  the  contents  of 
the  alimentary  canal,  and  to  be  prepared  fur  en- 
trance into  the  absorbents,  by  the  epithelium-cells 
at  the  radical  extremities  of  those  organs  (§  121). 
120.  The  Vita  are  extensions  of  the  mucous 
lining  of  the  Intestinal  eanal,  which  thickly  beset 
it.8  surface  from  the  pyloric  orifice  to  the  caecum, 
that  is,  through  the  entire  length  of  the  Small  lu- 
tcstinC;  to  which  they  arc  limited  in  Man.  They 
have  usually  somewhat  the  form  of  the  finger  of  a 
glove,  being  sometimes  nearly  cylindrical,  some- 
times rather  conical,  whilst  they  not  unfrequently 
become  flattened  and  extended  at  the  base,  so  that 
two  or  more  coalesce  (Fig,  32).  Their  length 
varies  from  14th  to  l-3rd  of  a  line,  or  even  more; 


Fto.  S2. 
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and  the  broad  flattened  kinds  are  about  l-6th  to     villi  of  the  Uuman  lni««tinMn 
l-8th  of  a  line  In  breadth. — In  the  upper  part  of       ihcir  ciii>Lilary  piexua  iiyect«<l 
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the  small  intejitinc,  where  they  are  rao»t  nnmemna,  it  has  benn  calmlated  by 
Kniuse  that  there  are  not  less  thaa  from  50  to  90  in  a  square  line;  and  in  the 
lower  part  from  40  to  70  in  the  same  area  (PSg.  33). —  Each  villus  appeara  ordi- 
narily to  contain  but  a  single  lacteal  tube,  which  occupies  its  centre  •,  in  the  larger 
villi,  however,  two  or  even  more  trunks  are  sometimes  discernible  (Fig.  35,  a). 
The  inod^  in  which  this  tube  commences,  near  the  extremity  of  the  villus,  bos 
not  yet  been  preoiatly  mude-out :  according  to  the  recent  obscrvntioas  of  Pruf. 
Brueh,'  there  is  a  cax;al  ampulla,  or  excavation  in  the  tissue,  at  the  extremity  of 
each  villufl^  wberein  its  lai-teul  trunk  comaienees;  and  in  the  broad  villi  which 
contain  two  lacteals,  each  has  its  own  ampulla.  Each  villus  is  also  furnished 
with  a  minute  plexus  of  capillary  vessels,  which  lies  near  its  surface  (Fig.  84); 
but  the  particular  arningeuient  of  the  vessels,  the  form  of  the  plexus,  &c.,  differ 
cousidfrably  iu  different  animuls,  and  even  in  different  portions  of  the  intestiw 
of  th«  same  individual.     Frum  the  ftiols  to  be  presently  slated,  it  will  be  obrioui 
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A  M«tiaa  of  the  Ileam.  inTorted  lo  u  to  show  the 
appenmnce  and  arrangement  of  the  villt  on  aa  ex- 
l«ndod  surface,  tu  well  aa  the  falUoles  of  Lieberkiibo  ; 
(bo  whole  seon  under  the  microtcope.  A  elo^o  exa- 
roioalion  of  this  cut  will  show  a  great  Dumber  of 
black  points  in  (he  iptoes  between  the  projectioDg  of 
villi :  these  ar«  tlie  follicles  of  Lieberkiibn.] 


Vessels  of  an  /nforfi  nal  Yillua 
of  a  Hare,  from  a  dry  prepara* 
lian  by  Dullinger:  a,  a,  Teioi 
filled  witb  white  injection ;  h,  h, 
arteries  ii^jeoled  red.] 


that  these  blood-vessels  are  not  less  actively  concerned  in  the  absorbent  functions, 
thfin  are  the  lacteals  themselves ;  and  there  is  evidence,  moreover,  that  the 
circulation  of  blood  through  them  is  essential  to  the  introduction  of  chyle 
Into  the  absorbents.'     FIcnce  some  have  supposed  that  the  contents  of  the  lao- 

*  '  Beltrai^c  zur  Anatomie  un<i  Phyaiologie  der  DiiriDdarm-SchleitDhauL,'  in  "Si«bold  and 
?3lliker'8  Zeitschrift,"  April,  1858. 
■•  See  especially  (he  experimeatB  of  Mr.  Fenwick  in  the  *'  Lanoet,"  Jan.  and  Feb.,  1846. 
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teals  are  first  imbibed  by  tbe  blocxl-vcssels,  and  are  afterwards  elimir.ated  fn^na 
tbera  by  a  kind  of  glandular  action  on  the  part  of  tbe  absorbents ;  but  of  tttia 
tliere  ia  no  adequate  evidence;  and  it  aecnis  more  probable  tbut  tlie  constant 
supplj  of  blood  in  required  for  that  peculiar  cell-action,  to  which  the  eelection  of 
the  materials  of  the  chyle  ia  due.  —  The  curious  fact  has  recently  been  substan- 
lialed  by  Prof  Kolliker,'  that  the  villi  contain  numeroua  niUBcular  fibre-cells,  and 
that  they  present  themselves  in  very  different  degrees  of  contraction  and  exton- 
won.  This  obserration  confirms  tbe  etatement  formerly  made  by  M.  Lacauchic' 
aa  to  the  existence  of  contnietile  tisHue  in  the  villi,  which  statement  was  based 
on  the  contraetioD  which  he  had  observed  tbem  to  undergo  after  their  removal 
from  the  body  J  and  also  the  yet  more  remarkable  assertion  of  MM.  Gruby  end 
Delafond,  that  rhythmical  ruovemeiits  of  contraction  and  extension  in  different 
directions  take  place  in  the  villi  whilst  absorption  is  going-on,'  which  have  an 
important  influence  on  tbe  propulsion  of  the  fiuids  contained  within  their  ves.scls. 
121.  When  the  Villi  are  examined  at  such  a  period  after  a  meat  containing 
oleaginous  matters,  as  baa  sufficed  fur  ita  partial  digestion,  their  lacteals  are  seen 
to  be  turgid  with  chyle  (Fig.  35,  a);  and  the  extremity  of  each  lacteal  appears 

Via.  U. 


Eztremit;  of  Intniinal  Villui :  »eoTi  nt  A,  daring  Mbgnrpiion,  sod  Bbowlnf  abaorbent 
cells  and  l&cteat  Irunki,  digtended  wirh  cfajrta;  a,t  a,  daring  iclarvftl  of  digoation,  tho** 
log  lb«  aappoaed  peripheral  network  of  tactealj. 

to  be  imbedded  in  a  colTection  of  plobnles  presenting  an  opalescent  appearance, 
which  pvea  to  the  end  of  the  villufl  a  somewhat  mulberry-like  form.  It  was 
supposed  by  Prof.  Oood!*ir,'  by  whom  this  appearance  was  first  observed,  that 
these  plobulea  are  cells  developed  tcilhin  the  baseniont-membraue,*  during  the 
act  of  absorption,  from  what  he  considered  to  be  granular  germs  visible  in  the  same 
situation  during  the  intervals  of  the  process  (b);  and  that  these  cells,  drawing 
into  themselves  during  their  growth  certain  of  the  nutritive  materials  contained 
in  the  intestinal  canal,  are  thus  the  real  agents  in  the  tdrction  of  the  ^ub^ttancea 
which  are  to  be  introduced  into  the  lacteals,  delivering  them  to  these,  by  tha 
rupture  or  deliquescence  of  their  walls,  so  sonn  as  their  own  term  of  life  is  ended. 
It  was  further  held  by  Prof.  Goodsir,  that  the  epithelium-cells  covering  the  ex- 
tremities of  the  villi  fall-off  during  the  process  of  absorption,  so  as  to  leave  the 
villi  more  free  to  imbibe  tbe  fluids  in  contact  with  their  surface;  and  thus  that 
a  new  set  of  absorbent  cells  ia  developed  with  every  recurrence  of  tbe  act  of  ab- 
.sorption,  and  a  new  set  of  protective  epithelium-cells  in  the  subsequent  interval. 
These  views,  however,  though  correctly  indicating  the  fact  that  the  elements  of 
chyle  are  introduced  into  the  lacteols  by  the  intermediation  of  cells^  have  been  ehowo 

'  *'  Mikroskopische  Aoatomie,"  Band.  51.  J  16S- 

•  "Etudes  Hydrotomiqmes  et  MJerographii^ues,"  Paris,  1844,  p.  60. 

•  "Comptea  Rendos,"  1M2,  p.  il^9;  and  1843,  p.  1196. 

•  *'Edinb.  New  Phil.  Joum.,"  Julj^t  1842;  and  "  Anatoraical  and  Pathological  ObserrA- 
tiong,"  pp.  5 — 10. 

'  The  epi  I  helium-cells  of  the  villi  may  frequently  be  observed  to  be  connected  at  their 
free  extremities  by  flomethinjz  like  a  continuous  membrane ;  and  it  was  doubtleHs  this, 
wbicli  WA9  mistaken  by  Prof.  Qoodsir  for  the  proper  basement-membraae  that  undcrUea  th« 
cpitiielium-oelli. 
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Fio.  36. 


Eitromily  of  >n  TnUttinai  Villut 
during  absorptiOD  :  —  a,  maTf^inn.]  layer 
of  cpitheMum-rol]!i;  b,  epithelium-ceils 
turgid  with  olcagiooua  mutter;  c,  adhe- 
rent oil -globules. 


to  be  erTOTicoiis  bo  far  a«  regards  the  nature  of  these  cells ;  for  eevoral  excellent 
observers'  now  agree  in  regarding  them  as  the  proper  epitheliutn-cella  of  the  villi, 

which  are  not  thrown  off,  as  Prof.  Goodiir  be- 
lieveil,  but  BO  completely  change  their  aspect 
in  consequence  of  the  imbibition  of  oleaginoas 
fluid  (Fig.  36),  that  they  cease  to  be  reoogniaar- 
ble  as  such,  unless  their  intormediate  stages  be 
traced.  — It  may,  then,  be  stated  with  some 
ooufidence,  that  the  epithelium-cells  coTering 
the  extremities  of  the  villi  are  the  real  instru- 
ments in  the  selection  und  absorption  of  the 
materials  of  the  chjle;  and  that,  drawing 
these  into  their  own  cell-cavities,  thej  sabse* 
qucntly  deliver  them  up  to  the  laoteals,  bj 
which  they  are  carried  towards  the  centres  of 
the  circulation.  And  further,  that  although 
it  mav  be  true  that  the  epithelium-cells  are 
sometimes  cast-off  in  considerable  quantities, 
in  certain  disordered  states  of  the  mucous 
membrane  (as  in  cholera),  yet  that  there  is  no 
evidence  of  its  being  thus  exuviated  in  health ; 
the  appearances  which  have  led  to  the  idea 
that  such  exuviation  is  a  regular  occurrence, 
being  partly  dependent  upon  the  facility  with 
which  the  villi  are  denuded  of  them  by  maoe- 
ration  or  manipulation. 

[Before  considering  the  absorption  that  t« 
place,  through  the  walls  of  the  blood-vesselsj  it  will  be  right  to  consider  what 
its  essential  nature,  and  how  far  physical  principles  can  be  applied  to  its  elucid 
tion.  It  was  formerly  believed  that  all  absorption  took  place  by  the  open  mouthf 
of  vessels  presented  to  the  fluid  to  be  received;  but  anatomical  investigation  has 
shown  that  in  no  instance  aro  thin  fluids  thus  taken  iuto  the  system,  but  that  the 
trausmiasion  always  takes  place  through  some  tissue  of  a  membranous  character. 
As  all  animal  tissues  are  more  or  less  poruus,  tbey  exhibit  the  phenomena  of  im- 
bibition. Many  of  the  tissues  of  the  body  are  dependent  for  the  performance  of 
their  functions  on  their  power  of  imbibing  water;  as  is  seen  in  the  case  of  the 
cornea,  which  owes  its  brilliancy  to  this  faculty. 

The  physical  conditions  of  Imbibition  are  briefly  these :  —  When  any  porous 
substance,  not  already  saturated,  is  brought  iu  contact  with  a  liquid,  which  has 
such  a  molecular  attraction  for  its  particles  as  to  be  capable  of  "wetting"  it,  the 
li(|uid  is  imbibed  by  it,  and,  provided  the  force  of  imbibition  is  strong  enough, 
is  speedily  distributed  through  the  whole  mass.  The  force  with  which  the  fluid 
is  distributed  depends  partly  upon  the  attraction  fxuting  between,  the  particle*  of 
the  solid  and  those  of  the  Jluid,  and  partly  upon  the  size  of  the  capillary  pore*  or 
ctinal*. 

Temjwrainre  has  also  a  remarkable  infllueooe,  elevation  notably  increaang  the 
rapidity  of  transmissioD,  whilst  depression  as  greatly  diminishes  it. 

Another  circumstance  bearing  upon  the  phenomena  of  imbibition,  is  the  mutiuU 
dijruxiou  of  litjttidg.  If  a  saline  solution  contained  in  a  wide  open-mouthed  vial 
be  placed  in  a  larger  one  contaiuing  pure  water,  the  saline  solution  will  diffuse 
itself  through  the  water  until  both  are  of  equal  density.  The  rapidity  of  the 
diffusion,  however,  will  depend  on  several  circumstances.     Different  fluids  possess 

'  8e«  MM.  Orubjr  and  Ik«Iiifoiid,  in  "Comptca  Rcnduj,"  Juia  6,  1843;  Kiiss,  in  "G&x. 
MM,  de  Sinisbourg,"  No.  2,  1840;  E.  11.  Weber,  in  "  Mii tier's  ArchiT.,"  1B47;  Kolliker. 
*'  Mikro»ko|)l8cbe  Anatomio,"  Bauil  il.  {  lUD;  aud  Bennett,  in  "Edinb.  Monthlj  Joum&l,'* 
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this  property  of  diffusibiiity  in  varying  degree*;  thas,  when  solutions  of  the  fol- 
lowing substances  were  employed,  of  the  strength  of  20  parts  to  100  of  water, 
the  relative  quaotities  diffiosed  ia  a  given  time  were  as  follows :  — 


Chloride  of  aodium „ , 58-68 

Bulpbale  of  mftgneai*..... 27-42 

Kitrate  of  soda ....^ 61-56 

Sulphate  of  water 69-32 


CrjstaUixed  cane-sugar. ...... ...........  26*74 

Starch-sugar  (glQcose) 26*94 

Gnm-ar&bic...... 18*24 

Albumen 8-08 


The  low  diffusibiiity  of  albumen  is  remarkable,  obviously  tending  to  the  reten- 
tion of  the  seroua  fluids  within  the  ti.'jsues.  And  it  is  further  to  be  observed, 
that  if  albumen  be  held  in  solution  with  common  ealt,  or  urea,  the  latter  will 
diffuse  away  from  the  albumen  and  leave  it  behiad^  thus  favouring  their  escape 
from  the  economy  while  the  albumen  is  retained. 

Both  of  these  agencies  —  the  imbibition  of  liquids  by  porous  bodies  and  the 
mutual  diffusion  of  fluids — appear  to  be  concerned  in  the  production  of  the  phe- 
uiimena  of  EnJosmose  and  Exosmoge^  or  a  ^^Jlowiivj'in"  and  a  ^'Jlowinff'Out." 
The  term  Endosmose,  however,  ia  at  present  applied  to  the  tironger  current,  which- 
ever be  its  direction. 

The  phenomena  of  Endosmose  are  aa  follows: — If  a  small  animal  bladder  con- 
taining a  solution  of  sugar,  or  some  organic  fluid,  be  immersed  in  water,  it  will 
be  found  that  the  water  will  pass  through  to  become  mingled  with  the  contained 
fluid,  while  a  portion  of  the  contents  of  the  bladder  will  transude  to  the  water 
on  the  outside.  To  the  first  current  Dutrochet  gave  the  oainc  Kndosraose  (jviov, 
within,  iMftoif  impulse),  and  to  the  latter  Exomiose.  The  rapidity  of  the  current, 
in  the  main,  depends  on  the  greater  original  difference  in  density  of  the  two 
fluids,  and  the  interchange  will  continue  unlil  the  two  are  of  the  same,  or  nearly 
the  same,  density.  As  a  general  rule  the  current  sets  most  strongly  from  the  rarer 
to  the  denser  fluid;  but  much  depends  upon  the  affinity  which  they  individually 
have  for  the  septum  :  thus,  when  water  and  alcohol  are  on  the  opposite  sides  of  an 
animal  membrane,  the  current  is  most  rapid  from  the  denser  to  the  rarer  fluid, 
beeauae  water  has  a  stronger  aflS.oity  for  the  membrano  than  alcohol  has.  Tho 
reverse  takes  place  when  the  septum  is  composed  of  caoutchouc. 

If^  now,  we  suppose  two  fluids  on  the  opposite  side  of  an  animal  membrane, 
then  it  will  be  found  that  the  one  which  has  the  greatest  *'»ce^/j*n</"  power  will 
occupy  the  pores  of  the  membrane;  and  should  it  at  the  samaktime  be  diffu&ibte 
through  the  opposite  fluid,  it  will  distribute  itself  through  it,  and  be  removed 
with  a  rapidity  commensurate  with  its  diffusive  power — ''just  as  oil  continues  to 
oKcend  through  the  capillitfy  channels  in  the  wick  of  a  lamp,  so  long  as  it  is  being 
dissipated  by  the  combustive  process  at  its  summit.**  It  will  thus  be  seen  that 
the  direction  of  the  current  will  depend  upon  the  affiuitica  of  the  fluids  for  Ihe 
septum,  whilst  its  force  will  depend  upon  the  diffusive  power  of  the  liquids. 

The  eiidosmodc  current  then  depends  upon  the  affinity  of  the  fluids  for  the 
membrane,  that  which  has  the  greatest  affinity  determining  the  direction,  —  as, 
in  the  case  of  the  bladder  mentioned  above,  the  current  will  be  most  rapid  from 
the  water  to  the  saccharine  solution.  But  at  the  same  time  the  saccharine  solu- 
tion will  diffuse  itself  through  the  water  contained  in  the  capillary  pores,  and 
will  thus  reach  the  opposite  side  of  the  membrane,  producing  the  feebler  or 
ejcosmotic  current. 

Professor  Graham'  attributes  the  phenomena  above  described  to  the  "osmotic 
force,"  the  power  by  which  liquids,  &c.,  are  impelled  through  moist  membrane  and 
other  porous  septa,  in  experiments  of  endosmose  and  exosmose.  Diffusion  and 
capillarity  be  believes  to  be  insufficient  to  account  for  it. 

"  The  nature  and  modus  operandi  of  the  chemical  action  producing  osmose 
remain  still  very  obscure.  Salts  and  other  substances,  capable  of  determining 
ft  large  osmose,  are  all  chemically  active  substances,  while  the  great  mass  of  neu- 

*  Bakcrian  lecture  on  Osmotic  force,  by  Prof.  Grnliam,  F,  B.  S, 
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tral  or|r;anic  substances,  and  perfectly  neutral  monobasic  eallB  of  the  metals,  mish 
BS  chluridc  of  sodium,  possess  ouly  a  Iciw  degree  of  actiou,  or  are  wholly  inert, 
The  active  aubstanccs  aro  also,  relatively,  most  efficient  in  small  proportions. 
The  chemical  action  must  be  diflfcrt'Dt  on  the  substance  of  the  meuibniDe,  nt  iia 
inner  and  outer  surfact^s,  to  induce  osmose  j  and  according  tr>  the  hypothetic  vii-ir, 
which  accords  best  with  the  phenomenon,  the  action  on  the  two  sides  ia  not 
unequal  in  degree  only,  but  also  diifercnt  in  kind.  It  appears  aa  an  alkaline 
actiou  on  the  albuminous  substance  of  the  membrane  at  the  inner  surface,  aod 
as  BD  acid  action  on  the  albumen  at  the  outer  surface. 

"The  most  general  empirical  conclusion  that  can  be  drawn  is,  that  the  water 
always  accumulates  on  the  alkaline  or  basic  side  of  the  membnine.  Hence,  with 
au  alkaline  salt — such  as  carbonate,  or  phosphate  of  .soda — in  the  osmometer,  and 
water  outside,  the  flow  is  inwards ;  but  with  an  acid  in  the  osmometer,  on  the 
contrary,  the  flow  ia  outwards,  or  there  is  negative  osmose,  the  liquid  then  falling 
in  the  tube." 

It  has  been  discovered  by  Matteucci  that  the  current  is  considerably  influenced 
by  the  direction  ia  which  it  traverses  the  membrane;  if  this  be  composed  of  skin, 
the  raoveracnt  ia  most  energetic  from  the  interior  to  the  exterior  surface,  thua 
corresponding  with  the  physiological  action  of  the  akin,  which  readily  exhales, 
but  does  not  so  readily  absorb.  In  the  mucous  membranes  the  action  was  found 
to  be  reversed, —  tbat  is  from  the  exterior  to  the  interior;  this  movement  also  ac- 
cording with  the  physiological  action  of  these  membranes — absorption.  The  skin 
of  the  frog  appears  to  offer  an  exception  to  ibis  rale,  the  current  flowing  most 
readily  from  tlie  exterior  to  the  interior;  but  it  ceases  to  be  an  exception  when 
it  is  remembered  that  tbe  function  of  the  skin  of  this  animal  is  not  to  exhale, 
but  to  absorb. 

The  absorption  which  takes  place  through  the  blood-ves-'sels  of  the  intestinal 
canal  depends  upon  the  property  of  endogtnose  which  has  been  thus  described. 
Much  depends,  however,  upon  the  facility  with  which  the  Bubstance  to  be  ah- 
Borbed  can  penetrate  tbe  membrane  or  tissue  which  lies  between  it  and  the  blood- 
vessels ;  for  naturally  the  blood-vessels  are  not  bare  to  absorb.  Absorption 
through  membranefi  is,  in  general,  inversely  to  the  thickness  of  their  epithelia, 
the  urinary  bladder  of  a  frog  being  traversed  in  less  than  a  second,  according  to 
Muller;  and  the  absorption  of  poisons  by  tbe  stomach  or  lungs,  is  sometiiuea 
accomplished  in  an  immeaHurably  short  time. 

The  substance  to  be  absorbed  must,  as  a  general  rule,  be  in  the  liquid  or  gaseotu 
state,  or,  if  solid,  must  be  soluble  in  the  fluids  with  which  it  is  brought  in  con- 
tact. Solids  that  are  capable  of  very  fine  division  mty  be  absnrbed,  as,  for  in- 
stance, mercury  in  the  metallic  state  may  pass  into  and  remain  in  the  blood- 
vessels; and  finely-powdered  charcoal,  when  introduced  into  the  intestinal  canal, 
has  been  found  in  the  mesenteric  veins;  oil,  likewise,  when  reduced  to  a  fine 
emulsion,  will  pass  through  into  the  blood-Te.ssels.^ 

The  fuller  and  tenser  the  blood-vessels  of  a  part  are,  the  slower  and  more  diflS- 
cult  will  be  the  absorption  of  fluids,  and  tbe  tension  may  be  so  great  as  to  prevent 
entirely  the  further  introduction  of  liquids;  so  likewise  slowness  or  stagnation  of 
the  current  will  greatly  retard  the  absorbing  process,  both  of  wbieh  conditions 
may  he  produced  by  the  application  of  suction  to  a  part,  as  is  frequently  done  in 
the  case  of  poisoned  wounds,  thus  preventing  the  absorption  of  a  virus  and  its 
tranamiaaioQ  through  the  system,  while,  on  the  other  hand,  a  rapid  capillary 
circulation,  or  a  lesa  tense  condition  of  vessels  will  greatly  facilitate  the 
introduction  of  liquids,  not  becau.se  the  fluid  to  be  absorbed  is  more  quickly 
imbibed  into  the  tissues,  or  mingled  with  the  blood,  but  because  it  ia  carried 

'  [For  a  fuller  ezpositloa  of  Ihia  aubjcct,  see  article  "Eadoimose,"  in  the  Cyc.  of  Anht. 
And  PbjB  ,  the  article  Abaorption  ia  Frin.  of  Comp.  Phjs.,  and  Kirkea  and  Paget,  Mauuol 
of  Physiology.] 
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away  by  the  oirculating  cuirent  as  fust  as  it  is  introdaced,  and  tho  lilood 
being  as  constantly  rcoewed,  is  aa  ooostantly  fitt«d  for  tbe  reception  of  fresb  par- 
ticles.'—  Eu.] 

'["In  coDBection  -with  the  subject  of  EndounoBa,  aoine  interesting  experiments,  per- 
formed recently,  mny  be  mentioned,"  showing  the  fibysicni  tnflnencu  exerted  by  mtdii'ij»c»  *if 
Tarioua  kiada  upon  the  molecular  arrtkngement  of  chemical  substances  pussiug  through 
them. 

When  the  body  of  a  frog  was  exposed  to  a  strong  solution  of  chloride  of  enlciom,  and 
theo,  after  being  carefully  wiped,  to  a  solution  of  oxalate  of  ammonia,  there  were  found 
on  examining  tbe  blood  of  the  vftrioua  tissues  of  the  animal,  diverse  furm!>  of  the  precipi- 
tate of  oxalate  of  lime,  doubtless  owing  to  the  influence  exerted  by  the  animal  membmno. 
Tbe  blood  from  tbe  heart  and  lungs,  the  appearance  of  which  is  thus  described  by  the 
author,  was  first  examined  under  the  cnioroscope,  with  a  magnifying  power  of  'J10  diame- 
ters, which  displayed  innumerable  minute  cubical  porticles,  floating  amongst  the  large 
elliptical  blood  corptisclcs.  Id  the  fibrooa  tisane  between  tbe  epidermis  and  peclonilis 
major  muscle,  square  plates,  cubical  crystals,  and  paraltelograms  were  seen,  together 
with  minute  particles,  the  largest  of  which  appeared  to  be  cubes. 

The  mesenteric  fold  of  the  peritonseum  contained  tbe  same  eqoi-lateral,  equi-angular 
plates,  and  cubical  crystals.  In  tbe  fascia  of  the  thigh,  besides  numbers  of  these,  there 
appeared,  also,  benaliful  octohedral  crystals  of  the  oxalate  of  lime,  similar  in  all  respects 
to  those  formed  when  the  intestines  of  a  raccoon,  (Pncyon  lotor,)  were  filled  with  a  solu- 
tion of  the  chloride  of  calcium,  and  immersed  in  a  solution  of  the  oxalate  of  ammonia. 

When  the  eggs  of  the  frog  were  mashed,  and  their  contents  spread  out  on  a  glass  slide 
and  examined  under  the  microscope,  they  contained  multitudes  of  equt-angular  plates,  and 
cubicul  crystals  of  tbe  oxalate  of  lime. 

It  is  probable  that  the  exterior  fluids  passed  throngh  the  anus  and  cloaca  into  the  ori- 
ductsi  and  ovaries,  and  finally  by  endosmose  into  the  eggs  themselves. 

In  the  fibrous  tissue  of  the  wall?  of  the  abdomen,  in  addition  to  the  cubes  and  octohedm, 
■nd  ei|ui-]ateral  plates,  there  appeared,  also,  delicately  formed  dumb-bell  and  ellipsoidal 
crystals. 

When  the  plantar  fascia  of  the  foot  was  cut  through,  from  the  incision  flowed  a  fluid  re- 
sembling the  liquor  sanguiiiis  mixed  with  a  little  blood,  which,  under  a  magnifying  power 
of  210  diameters,  oootained  beautiful  octohedral  and  dumb- bell  crystals  of  the  oxalate  of 
lime. 

This  experiment  was  repeated  with  slight  variations,  as  to  the  length  of  the  time,  and 
the  denaity  of  tbe  fluids,  and  in  every  instance,  without  any  exception,  the  results  were 
the  same. 

In  one  instance,  tbe  deposit  formed  within  the  blood  and  tissues  of  the  frog  assumed 
the  form  of  delicate  dumb-bell  and  cruciform  crystals  of  the  oxalate  of  lime.  In  another 
experiment  the  blood  from  tbe  ventricle  of  tbe  heart  contained  large  and  perfectly  formed 
octohedra,  with  a  few  dumb-bell  crystals,  while  the  various  tissues  and  muaclea  contained 
chiefly  delicately  formed  dumb-bell  crystals,  and  the  aqueous  humor  of  the  eye  containt^d 
octohedral,  and  comparatively  large  acicular  crystals. 

We  see  then  by  these  micnosc apical  examinations,  that  the  oxalate  of  lime  assumed 
forms  different  in  all  respects  fh>m  those  of  tbe  precipitate  thrown  down,  when  solutioita 
of  the  chloride  of  calcium  and  oxalate  of  ammonia  are  brought  into  iuimediate  contact. 
The  precipitate  thus  formed  con.<ii9ta  of  minute  irregular  granules.  What  has  changed  it  ? 
It  has  been  accnmpIiBhed,  without  doubt,  by  the  action  of  the  membranes  upon  the  chemical 
substances  in  solution  passing  through  them." 

The  influence  exerted  by  mucous  mombranes  removed  f^om  all  vitality,  is  also  shown 
by  equally  interesting  experiments  by  tbe  same  observer ;  tbe  experiments  consisted  in 
filling  the  intestine  of  a  raccoon  {Proeyon  lolor),  with  a  solution  of  chloride  of  calcium, 
whose  epeeiflo  gravity  was  1031,  and  immersing  it  in  a  solution  of  oxalate  of  ammonia, 
having  a  specific  gravity  1007,  la  tho  course  of  an  hoar  tho  exterior  fluids  became 
cloudy,  with  a  white  precipitinte,  the  oxalate  of  Ume.  At  the  end  of  two  days,  a  copious 
white  deposit  bad  settled  to  the  bottom  of  the  jar,  which,  under  a  magnifying  power  of 
210  diameters,  presented  the  appearance  of  innumerable  acicular,  rectangulur,  and  irre- 
gular particles,  often  coDglomerated  together  In  great  numbers,  forming  miuiatora  repre- 
aentations  of  plants  with  their  branches  and  leaves. 

The  specific  grarity  of  exterior  fluid  had  follen  to  1005. 

The  interior  fluid  was  next  examined,  the  intestine  having  been  punctured  and  its  con- 
tents carefully  removed.     Its  specific  grovity  had  changed  to  1008. 

■  [Abstract  of  experiments  upon  the  physical  influences  exerted  by  living,  organic,  and 
inorganic  membranes,  upon  chemteat  substances  passing  through  them  by  endoemose,  by 
Joseph  Jones,  Student  of  Medicine  in  the  University  of  rennKylvania.  (Read  bcfote  lUa 
Academy  of  Natural  Sciences,  Philadctphia,  October  25,  ISO-l.jJ 
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122.  lo  regard  to  the  degree  id  which  the  fiioction  of  NatritiTe  Absorption  ii 
performed  by  the  Lacteals  and  by  the  Sanpiiforoua  system  respectively,  consider- 
able difiereace  of  opinion  has  prevailed.     When  the  Absorbent  vessels  were  first 

"  ThJB  marked  change  of  its  specific  graTity  from  1031  to  1003,  flhowa  that  a  free  inter' 
change  of  the  fluiiis  munt  hare  tukeu  pUce.  The  HligLl  change  in  ibe  exterior  fluid,  of 
1007  to  1005,  is  readiljr  explained,  when  ve  coosider  the  fuct,  that  the  exterior  wu  13, 
«rhil8t  the  interior  was  only  4  fluid  uuncea. 

Within  the  intestines  but  a  Bmall  deposit  had  taken  place,  to  comparison  with  that  of 
the  exterior  fluid.     Under  the  microsei>{>e  thia  presented  a  magnificent  crvstiillioe  &ppe4r* 
Ance,  differing  wholly  from  that  of  the  exterior  fluida,  and  al»o  from  that  formed  whi 
solutions  of  the  ohioridea  of  calcium  aud  oxalate  of  Hmmauia  are  brought  into  immedi&tf' 
ooDtact. 

Amongst  the  crystals  there  were  no  less  than  aeren  well  defined,  regal&rly  formed 
varieties.  The  octohedral  and  damfa-bell  crystals  were  recognized  aa  the  form  in  which  the 
oxalate  of  lime  almoat  invariably  occurs  in  the  uriue,  not  only  of  mau,  but  also  of  other 
aitlmaU,  and  oreu  in  that  of  birds. 

Does  not  this  experimeut  indicate  that  the  peculiar  forms  of  the  oxalate  of  lime,  oocn^ 
ring  in  oriae,  may  be  the  result  of  the  physical  action  of  the  busement  membrane  of  tht 
tubuli  uriniferi  and  its  secretory  cells  ! 

The  tisauefl  of  the  Latet<tiDe  were  next  examined. 

The  cellular  tissue  was  not  equally  iiyected ;  in  some  places  there  was  scarcely  any, 
while  in  others  there  was  a  very  abundant  deposit. 

la  all  places  the  mucous  membrane  appeared  free  from  any  deposit  of  the  oxalate  of 
lime.  It  was  not  easy,  however,  to  decide  this  question  by  the  microscope,  on  account 
of  the  difficulty  of  sepnratiag  completely  the  fibrous  tissue  in  which  occurred  a  copious 
crystalline  deposit. 

This  is  not  the  only  iostance ;  out  of  nutneroas  examples,  the  following  are  selected: 

When  the  bladder  of  a  raccoon  (Procyon  lo(or)  was  filled  with  a  solution  of  the  bi- 
chloride of  mercury,  and  immersed  in  a  solutron  of  the  iodide  of  potassium,  a  brilliant  red 
crystalHae  deposit  of  the  biniodide  of  mercury  took  place  upon  the  exterior,  whilst  upon 
the  interior  a  light  yellow  mass  of  lozenge-shaped  cryittuls  of  the  protiodide  of  mercury 
was  precipitated,  la  Lhia  oaae  also  the  mucoua  membrane  appeared  free  from  any  de- 
posit. 

When  the  intestines  of  a  raccoon  were  filled  with  a  solution  of  the  acetate  of  lead,  and 
immersed  in  a  soUUioci  of  the  bichromate  of  potassa,  the  deposit  upon  the  exterior  oon- 
sieied  of  innumerable  small  irregular  granules,  while  that  upon  the  iuteriur  consisted  of 
beautiful  stellate  crystals. 

When  a  sheep's  bladder  was  filled  with  a  solution  of  (ho  oxalate  of  ammonia,  and  im- 
mersed in  a  solution  of  the  chloride  of  calcinm,  no  deposit  took  place  in  the  exterior  flui 
whilst  a  precipitate  of  the  oxalate  of  lime  fell  in  the  interior  fluid. 

Within  the  muscular  and  fibrous  coats  of  the  bladder  this  deposit  presented  the  same 
•ppearance.  The  fact  that  solutiune  of  certain  chemical  substances  will  pnss  through  & 
membrane  in  one  direction,  but  not  in  another,  was  illustrated  by  several  examples. 

The  stomach  of  a  raccoon  was  filled  with  a  solution  of  the  bichromate  of  potassa,  and 
immersed  in  a  solution  of  the  acetate  of  load ;  a  copious  deposit  of  the  chromute  of  lead 
took  place  in  the  exterior  fluid,  whilst  none  whatever  occurred  in  the  interior;  it  retained 
its  natural  color  and  appearance.  The  results  were  in  all  respects  the  same  when  the  in- 
testines of  this  animal  were  treated  in  a  similar  manner. 

When  the  stomach  was  treated  in  this  manner  a  deposit  took  place  only  upon  the  interior. 
When  the  oesophagus  of  a  large  rattlesnake  (Crotalus  adamanteus),  was  treated  in  a  einailar 
way,  only  a  small  deposit  occurred  in  the  exterior  fluid. 

The  stomach  of  a  raccoon,  and  a  portion  of  the  intestines  of  a  large  rattlesnake  were 
filled  with  a  solution  of  the  iodide  of  potassium,  and  immersed  in  a  solution  of  the  bi- 
chloride of  mercury;  in  both  coses  a  copious  deposit  occurred  upon  the  exterior,  whilat 
little  or  no  precipitate  fell  in  the  interior  fluid. 

These  facts  are  due  to  one  of  two  causes.  Either  certain  chemical  substances  in  solu- 
tion exert  an  influence  upon  mucous  membranes,  changing  their  minute  anatomical  struc- 
ture, and  thus  destroying  their  power  of  carrying  on  the  physical  phenomena  of  endos- 
roose  and  exosmose ;  or  else  mucous  membranes  possess  a  power  of  choice,  as  it  were, 
dependent  upon  their  physical  constitution,  allowing  one  fluid  to  pass  through  in  one  direo~ 
tion,  but  not  another  fluid  holding  a  different  chemical  substance  in  solution,  in  an  oppo- 
site  direction.  When  a  portion  of  the  small  intestine  of  a  sheep  was  filled  with  a  solution 
of  the  nitrate  of  lime  and  immersed  in  a  snluttoa  of  the  oxalate  of  ummonia,  a  copious 
precipitate  of  the  oxalate  of  lime  took  place  in  the  exterior  fluid,  which  under  a  magnify- 
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discovered,  and  their  fanctional  importance  was  perceived,  it  was  imagioed  that 
the  introduction  of  alitueotarj  fluid  into  the  vascular  systeni  took  place  bj  them 
alone.  Such  an  idea,  however,  would  be  altogether  inconsistent  with  the  fncts 
of  Comparative  Anatomy  (See  PniNO.  of  Comp.  PaY8,,  Chap,  iv.,  Am.  ed.); 
and  it  is  completely  negatived  by  the  results  of  experiment.  For  that  Ab«<orp. 
tioD  is  effected,  to  a  very  considerable  amoliut,  by  the  agency  of  the  lilood- 
veesels,  is  shown  in  the  lirst  place,  by  the  readiness  with  which  aqueous  fluids, 
and  even  alcohol,  are  taken-up  from  the  parietes  of  the  Stomach,  and  are  carried 
into  the  general  circulation.  Thus  in  a  case  of  extroversion  of  the  bladder,  ob- 
served by  Mr.  Erichsen,'  in  which  the  urinary  secretion  could  be  collected  imme- 
diately on  its  passing  from  the  kidney,  when  a  sulution  of  ferrocyauide  of  potas- 
sium was  taken  into  the  stomach,  this  salt  was  detected  in  the  urine  in  one 
instance  within  1  minute,  and  in  three  other  instances  within  2^  minutes.     la 

ing  pover  of  210  diameters  was  fouod  to  conaist  of  ioDumerable  octoliedral  crystals  of  dif- 
ferent sixes ;  also  a  few  dumb-bell  crystnls. 

In  the  exterior  deposit  the  oatohedra  were  about  one  hundred  times  more  numeroua 
than  the  dnmb-bell  crystaia.  ^ 

In  the  iotcrior  fluid  &  deposit  of  the  oxalate  of  lime  had  taken  place.  The  entire  de- 
posit conaisted  of  innumerable  minute  and  delicntely  formed  dumb-bell  crystals,  wiLb  here 
and  there  an  octohedral  crj'stal.  In  the  interior  fluid,  uulike  the  exterior,  tliere  were  over 
■  hundred  dnmb-bell  crystals  to  one  octobedral  crystal.  Minute  octohcdra,  and  delicately 
formed  dumb-bellH,  were  found  within  the  meshes  of  the  flbrous  tissue.  By  oompuriug 
thij  experimeot  with  the  former  ones  in  which  solutiomt  ol  the  same  chemical  eubatiuicefl 
were  ueed.  we  are  forcibly  taught  the  following  Iaws  : 

Ist.  Mucous  membranes  from  the  same  relative  part  of  the  bodies  of  different  animals, 
exert  different  physical  influences  upon  the  same  chemical  subalances. 

2d.  Mucous  membranes  from  the  same  animal,  but  from  differeut  parts  of  the  body, 
exert  different  physical  effects  upon  solutions  of  the  same  chemtoal  substanocs. 

8d.  The  physical  infliience  exerted  by  the  mcmbraue  is  not  the  same  in  endosmose  aud 
exoemose;   it  differs  with  the  directioa  of  the  current. 

A  very  importaut  question  now  presents  itself  for  consideration.  May  not  this  change 
of  forv  in  the  precipitates  be  due  to  the  presence  of  some  animal  substance  or  fluid, 
*»  fibrin,  blood,  albumen,  or  serum,  and  not  to  the  physical  action  of  the  membranes.  To 
drtermine  this  point  a  series  of  careful  experimenla  were  instituted  with  the  following 
•ob«tanc«s:  albumen,  fibrin,  yolk  of  hen's  egg,  warm  blood,  cold  blood,  putrescetit  bluod, 
warm  aorum,  cold  serum,  putrescent  serum,  and  urine.  In  no  case  did  the  preaenco  of 
these  substances  produce  a  crystalline  deposit  of  the  oxalate  of  lime.  Each  experiment 
was  performed  in  several  different  ways,  and  under  different  circumstances;  aometiraea 
the  denaitiea  of  the  solutions  of  the  chloride  of  calcium  and  oxalate  of  ammonia  were 
varied,  at  others  the  temperature  and  conditions  of  the  foreign  body.  But  one  result  at- 
tended all  these  experiments  —  no  crystalline  deposit.  In  many  instances  the  interior  and 
exterior  fluids  were  mingled,  in  both  of  which  crystals  had  been  produced  by  the  action 
of  the  membrane,  and  in  every  case  the  precipitate  of  the  oxalate  of  lime  thrown  down 
OOBsiated  of  irregular  granules  without  any  crystalline  form  whatever.  Does  not  this 
prove  conclusively  that  the  simple  presence  of  the  diflerent  membranes  did  not  cause  the 
change  of  the  physical  form  of  the  precipitate  ? 

The  next  question  which  presented  itself  was,  whether  dry  membranes  exert  a  physiciJ 
influence  upon  substances  passing  in  solution  through  them,  capable  of  changing  their 
physical  forms  ?  To  determine  this  point  several  experiments  were  performed  with  dry 
membranes,  with  solutions  of  the  chloride  of  oftlcinm  and  oxalate  of  ammonia,  varying 
the  relative  positions  and  densities  of  the  fluids  in  each  experiment.  In  no  instance  was 
a  regular  crystalline  deposit  obtained.  In  only  one  experiment,  two  or  three  octohedral 
czystals  occurred  in  the  roidat  of  millions  of  irregular  particles. 

All  the  experiments,  thus  far,  prove  that  dry  membTanes  exert  little  or  no  physical  in- 
fluence upon  chemical  substances  in  solution  passing  through  them. 

The  next  object  was  to  ascertain  the  influence  of  inorganic  septa,  during  the  endosmotio 
acdoo.  Id  these  experiments  thin  vessels  of  baked  clay  were  used.  These  were  filled 
with  a  solution  of  the  chloride  of  calcium  and  immersed  in  a  glass  jar  containing  a  solu- 
tion of  the  oxalate  of  ammonia.  The  relative  positions  and  densities  of  these  fluids  were 
also  changed.  In  no  instance  was  a  regular  crystalline  deposit  obtained.  So  far  then  aa 
these  experiments  go.  it  may  be  asserted,  that  inorganic  septa  do  not  exert  a  physical  in- 
llaence  upon  chemical  substances  passing  through  tbem,  capable  of  changing  the  arrange- 
nest  of  their  molecules." — En.] 

•  ••  Medical  Gaxette,"  vol.  xxxvi.  p.  863. 
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all  these  cases,  bowover,  the  Btomach  may  be  presumed  to  have  been  empty,  and 
the  vascular  sj-stem  in  a  state  of  aptitude  for  absorption  ;  since  the  experiment* 
were  made  either  after  a  long  fast,  or  at  least  four  hours  after  a  light  meal. 
When,  on  the  other  haod,  the  salt  wu  introduced  ioto  the  stomach  soou  after  the 
ingestion  of  alinjcntiiry  substances,  a  much  longer  period  elapsed  before  it  could 
be  detected  in  the  urine ;  thus,  when  a  sabstantial  meal  bad  beeu  taken  two  hours 
previously,  the  interval  wos  12  minutes;  when  tea  aud  bread-aud-batter  bad  been 
trtken  one  hour  previously,  the  interval  was  14  minutes;  a  similar  meal  having 
been  taken  twenty-four  minutes  previously,  the  interval  was  16  minutes ;  when 
only  two  minutes  had  pjissod  since  the  conclusion  of  such  a  meal,  the  interval 
was  27  minutes;  and  when  a  solid  meal  had  been  concluded  just  before  the 
introductiuu  of  the  sjitt,  the  interval  was  39  minutes.' — These  facta  are  of 
prest  importance,  in  showing  the  very  marked  influence  which  the  state  of 
the  ffoviach  exercises  upon  the  absorptiun  of  mutters  iatroduccd  into  it.  Not 
less  important,  however,  is  the  state  of  the  vngcukir  n^s/em  in  regard  to  tur- 
■gescence  or  emptiness;  for  it  was  found  by  Majjendie,  that  when  he  bad  in- 
jected a  considerable  quantity  of  water  into  the  veins  of  a  dofr,  poison  wm 
absorbed  very  slowly;  whilst  if  be  relieved  the  distrnsion  by  bleeding,  thera 
was  speedy  evidente  of  it«i  entrance  into  the  circulation. — The  rapidity  with 
which  not  only  acjuemis  but  akoholic  liquids  introduced  into  the  stomach  may 
pass  into  the  general  circulation,  has  been  shown  by  the  experimenls  of  Dr. 
Percy;*  who  found  that  when  strong  alcohol  was  injected  into  the  stomach 
of  dogs,  the  aniraala  would  sometimes  fail  insensible  to  the  ground  imvtedi- 
otrl^  upon  the  completiou  of  the  injection,  their  respiratory  and  cardiac  move- 
ments ceasing  within  two  minutes;  and  that  on  post-mortem  esamination  in 
such  cases,  the  stomach  was  nearly  empty,  whilst  the  blood  was  highly  charged 
with  alcohol;  thus  rendering  it  almost  certain,  that  not  merely  the  final  destruc- 
tion of  nervous  power,  but  the  immediate  loss  of  sensibility,  was  due  to  the  action 
of  alcoholized  blood  upon  the  nervous  centres.  —  Finally,  numerous  expefimcntg 
hiive  been  made  by  variou.s  physiologists,  which  have  demonstrated  that  absorp- 
tion of  alimentary  and  other  substjiuces  may  take  place  from  the  walls  of  the 
Stomneb  ;  these  substances  having  beeu  prevented  from  passing  into  the  intestine, 
by  a  ligature  around  the  pylorus.  Now  as  the  Absorbent  system  does  not  present 
that  peculiar  arrjngement  in  the  coats  of  the  stomach,  which  it  does  in  those  of 
the  intestinal  tube,  there  can  be  little  doubt  that  the  introduction  of  such  aub- 

'  The  ^eat  npiditj  with  which  soluble  salts,  introduced  into  the  stomach,  make  their 
oppeareiiue  in  the  urine,  has  led  M.  CI.  Bernard  to  thiak  that  some  more  direct  channel 
most  exist  for  their  passage  from  the  stomach  to  the  kidneys,  than  that  wliich  the  ordinary 
current  of  Che  sanguiferous  circulation  affords:  and  to  advance  the  extraordinarj  doctrine, 
that  whilst  absorption  is  going-on,  there  is  a  constriction  of  the  vena  cava  above  the 
entrance  of  the  hepatic  vein,  inrhereby  a  rtjluz  of  the  blood  discharged  by  it  takes  place, 
BO  that  it  passes  into  the  renal  vein,  without  reaching  tlie  heart.  lit  as-'^erts  that  n  pccn- 
Imr  thickening  of  the  muscular  coat  exists  in  the  upper  part  of  the  vena  cava,  wherebj  its 
contrnctiou  is  occasioned ;  also  that  there  are  (in  the  horse  at  least)  direct  passages  by 
which  a  part  of  the  portal  blood  may  be  discharged  into  the  vena  cava,  witboat  passing 
through  the  liver.  ("L'Qnion  M^dicale,"  18-19,  No.  IIS.)  —  Now,  in  the  first  place,  this 
hypothesis  is  not  necessary  to  explain  Uie  facta ;  for,  as  is  shown  above,  there  is  evidence 
of  the  transmission  of  substances  to  oihtr  parts,  with  at  least  as  much  rapidity  as  is  indi- 
cated by  their  appearance  in  the  urine.  And,  in  tho  second  place,  if  the  supposed  reflux 
really  took  place,  it  must  affect  the  whole  venous  circulation  of  the  trunk  and  lower  extre- 
mities, except  sucfa  as  the  vena  asygos  am!  a  few  olht^r  smnlt  chnnnela  could  provide-for; 
and  must  occasion  fto  make  good  the  conditions  of  the  problem)  not  merely  a  tiagnation, 
but  an  absolute  rrjiux,  so  that  the  veins  would  be  tnetumorjdiosed  into  arteries,  and  the 
Bfteries  into  veins.  How  the  t'i>  i  tergo,  originally  derived  from  the  heart,  can  tbu?  be 
strong  enough  at  (he  very  end  of  the  systemic  eirculntioii,  not  merely  to  neutralize,  but 
actually  to  overcome,  the  force  which  it  exercises  almost  oloaa  to  the  heart,  M.  Bernard 
has  not  informed  us. 

*  "  Experimental  Enquiry  concerning  the  Presence  of  Alcohol  in  the  Ventricles  of  the 
BruJii,"  p.  til. 
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BtflTiccs  into  the  system  must  be  effected  chiefly,  if  not  entirely,  through  the  me- 
dium of  its  sanguiferous  capillaries. 

123.  That  the  Blood-vessels  of  the  Intestinal  tube,  also,  largely  i>Brficipate  in 
the  introduction  of  soluble  alimentary  matter  into  the  system,  hiis  been  rlearly 
proved  by  various  observations  upon  the  constitution  of  the  blood  of  the  Mesen- 
teric veins  (§  18^);  these  having  shown,  that  after  the  digestion  of  albuminous 
and  farinaceous  or  saccharine  substances,  albuminosc,  dextrin,  grape-sugur,  and 
lactic  acid  are  detcctible  in  that  tluid,  whose  usual  composition  is  greatly  altered 
Vty  the  presence  of  these  substances,  as  well  as  by  the  augmented  proportion  of  water 
which  it  contains.  Moreover  it  is  asserted  by  Bruch'  that  so  large  a  quantity  of 
fat  is  absorbed  into  the  blood-vessels,  that  the  superficial  capillary  network  some- 
times presents  an  opalescent  whiteness;  and  this  fact  is  in  harmony  with  the 
result  experimentally  obtained  by  Matteucci,'  who  found  that  a  weak  alkaline 
liquid  will  draw  to  itself,  through  a  thin  membranous  septum,  oleaginous  pflrti- 
cles  diffused  in  a  state  of  fine  division  through  a  lifjuid  on  the  other  side.  We 
may  consider  the  Sanguiferous  vessels,  then,  as  affording  the  usual  channel  by 
which  a  large  part  of  the  nutritive  materials  are  inlrotJuced  into  the  system  ; 
but  these  are  not  allowed  to  pass  into  the  general  current  of  the  circulation, 
until  they  have  been  subjected  to  an  important  a^imifntinu  process,  which  it 
appears  to  be  one  great  office  of  the  Liver  to  perform,  whereby  they  are  rendered 
more  fit  for  the  purposes  they  ore  destined  to  serve  in  the  economy.  Of  this  wc 
shall  presently  have  to  speak  {§  132).  —  But  the  ob.sorbent  power  which  the 
blood-vessels  of  the  Alimentary  canal  possess,  is  not  limited  to  alimcntnry  sub- 
stances; for  it  is  through  them  almost  exchisively,  that  soluble  matters  of  every 
other  description  are  received  into  the  circulation.  This,  which  may  now  be  con- 
sidered a  well-established  fact,  was  first  clearly  shown  by  the  carefully-conducted 
experiments  of  MM.  Tiedemann  and  Gmelin,'  who  mingled  with  the  food  of  aoi- 
mats  various  substances,  which,  by  their  colour,  odour,  or  chemical  prnpcrfies, 
might  be  easily  detected  in  the  fluids  of  (he  body:  after  some  time  the  animal 
was  examined;  and  the  result  wris,  that  unequivocal  traces  of  such  substances 
were  not  unfrcquently  detected  in  the  venous  blood  and  in  the  urine,  whilst  it 
was  only  in  a  very  few  instances  that  any  indication  of  them  could  be  discovered 
in  the  chyle.  The  colouring  matters  employed  were  various  vegetable  substances; 
Bucb  as  gamboge,  madder,  and  rhubarb;  the  odorous  substances  were  cam|ihor, 
musk,  assafcctida,  &c. ;  while,  in  other  cases,  various  saliuo  bodies,  such  as  chlo- 
ride of  barium,  acetate  of  lead  and  of  mercury,  and  some  of  tite  prussiatee,  which 
might  easily  be  detected  by  chemical  tests,  were  mixed  with  the  food.  The 
colouring  matters,  for  the  most  part,  were  carried  out  of  the  system,  without  being 
received  either  into  the  veins  or  the  lacteals;  the  odorous  substances  were  gene- 
rally detected  in  the  venous  blood  and  in  the  urine,  but  not  in  the  chyle;  whilst 
of  the  saline  substances,  many  were  found  in  the  l>lood  and  the  urine,  and  a  very 
few  only  in  the  chyle.  A  similar  conclusion  might  be  drawn  from  the  numerous 
instances,  in  which  various  substances  introduced  into  the  intestines  have  been 
detected  in  the  blood,  although  the  thoracic  duct  bad  been  tied ;  but  these  results 
are  less  satisfactory,  because,  though  there  is  probably  no  direct  communication 
(as  maintained  by  many)  between  the  lacteals  and  the  veins  in  the  mesenteric 
glands,  the  partitions  which  separate  their  respective  contents  are  evidently  eo 
thin,  that  transudation  may  readily  take  place  through  them.  [*It  is  etated  by 
Lehmann  that  the  substances  w^dcb  undergo  uo  essential  change  in  the  intestinal 

'  "  Siebold  &ad  Kolliker's  Zettschrift,"  April,  1853. 

'  See  hU  "  Lectures  on  the  Pbysical  Phenoraena  of  Living  Beings,"  Perein's  edition, 
p.  111. 

*  "  Versncbe  iiber  die  Wege  auf  wekhen  BubBtanieo  aus  dem  Magen  and  Dannkanal  ins 
Bint  gelonf^ea,"  Heidelberg,  1820. 

*  Brit.  Hud  For.  Med.-Chir.  Rev.,  Jan.  1856,  contntoing  a  review  of  Lehniann'B  Compen- 
dium nf  Physiulogicol  Chemietrj,  and  of  a  Manual  of  Phjaiological  Cfaemiatrjr  b^  ihe 
aaiue  aulliur. 
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canal  from  the  action  of  the  dipestivo  fluids,  are  particnlarly  adapted  for  imme- 
diate abBorption  by  the  blood-vessels,  yet  it  is  not  clearly  aseertaiDed  what  relalioo 
exists  between  these  two  qualities.  It  is  not  the  saline  nature  alone  which  makofl 
the  alkaline  salt^i  so  easy  of  absorption,  for  many  other  salts  are  not  taken  up  by 
the  capillary  blood-vesselfl ;  an^,  on  the  other  band,  urea,  alcohol,  and  certain 
poivSons,  pass  as  easily,  and  perhaps  more  quickly,  into  the  fluids  of  the  body  than 
uiany  of  those  salts ;  neither  is  it  merely  the  degree  of  solubility  of  a  subetaooe, 
but  it  is  the  union  of  many  qualities,  which  confers  both  a  capability  of  being 
absorbed,  and  a  power  of  resisting  the  action  of  the  dieestive  fluids.  Since  there 
are  many  poisons  which  the  system  quickly  takes  up  from  the  intestinal  canal, 
and  others  which  are  not  so  absorbed,  we  cannot  expect  to  find  the  reason  of  these 
facts  in  an  instinct  of  the  absorbent  organ,  but  in  definite,  fundamental  principles 
of  the  substances. 

Tlic  followinp  substances,  according  to  Lehmann,  reach  the  circnlation,  not 
through  the  lymphatics,  but  directly  through  the  capillary  blood-vessels : — all  the 
neutral  salt«  of  the  alkolies,  the  acids  of  which  have  not  a  greater  affinity  for 
ether  bodies  to  be  met  with  in  the  intestinal  contents ;  among  these  are  the 
chlorides  of  sodium  and  potassium,  the  iodides  and  bromides  of  potassium;  the 
phasphates,  sulphates,  chlorates,  nitrates,  borates,  and  nrseniates  of  the  alka- 
lies ;  yellow  ferro-cyanide  of  potassium  ^  the  compound  of  rhodium  and  potassium 
(^Rhodankaliuvi)  ]  and  the  compounds  of  alkalies,  with  such  organic  acids  as  do 
not  contain  nitrogen.  A  second  group  of  hodies,^  which  are  chiefly  absorbed  by 
the  intestinal  capillaries,  are  the  acids,  both  mineral  and  organic.  A  third  group 
contains  alcohol,  ether,  wood-spirit,  fusel  oil.'  A  fourth,  several  volatile  oils,  both 
freu  from  oxygen,  and  containing  oxygen  and  sulphur  (camphor,  oil  of  radishes, 
oil  of  aasafcetida,  &c.) ;  to  this  class  belong  also  the  empyreumatic  and  natural 
odoriferous  matters,  as  musk,  and  the  constituents  of  the  animal  oil  of  Dippel, 
&c,  A  fifth,  several  alkaloids,  both  fixed  and  volatile,  for  example,  strychnia, 
brucia,  morphia,  thein,  nicotin.  Lastly,  some  pigments  should  be  enumerated, 
which  are  not  to  be  found  in  the  chyle,  but  in  the  urine;  for  example,  the 
colouring  matters  of  alkanet,  gamboge,  bilberries,  black  cherries,  rhubarb,  log- 
wood, madder,  litmus,  cochineal,  sap  green,  and  tincture  of  indigo. 

In  so  great  n  variety  as  is  presented  by  the  substances  above  enumerated,  it 
would  be  difficult,  if  not  impossible,  to  find  a  common  aggregate  of  properties  to 
which  their  capability  of  ahsorption  through  the  blood-vessels  might  be  referred; 
but  certain  other  bodies,  which  far  exceed  them  in  solubility,  for  example,  do  not, 
in  direct  experiments,  show  the  least  tendency  to  pass  into  the  blood  through  the 
capillaries,  while  they  are  very  easily  taken  up  by  the  lymphatics,  or,  notwith- 
standing their  great  solubility,  traverse  the  entire  intestinal  tract  unabsorbed; 
thus  gum,  the  colouring  matter  of  turmeric,  &c.,  which  are  extremely  soluble, 
are  neither  taken  up  from  the  intestines  by  the  blood-vessels  nor  by  the  lym- 
phatics. The  curara  poison,  which  is  probably  identical  with  the  wourali,  and 
the  poison  of  serpents,  appear  to  belong  to  the  latter  class  of  bodies ;  we  might 
think  this  a  wise  provision  of  nature,  were  it  not  that  gum  and  turmeric  pigment, 
which  are  comparatively  harmless,  are  denied  access  to  the  chyle  and  capillaries 
equally  with  the  poison  of  serpents,  which  seldom  reaches  the  stomach  :  while  no 
obstacle  exists  to  the  absorption  of  other  poisons  which  are  seldom  received  in 
wounds,  but  usually  reaoh  the  intestine.  It  is  clear  that  only  soluble  mattera  are 
capable  of  absorptiou,  but  the  solubility  of  those  quoted  above  is  so  variable  that 
we  cannot,  by  it  alone,  explain  their  capability  of  being  absorbed  by  the  capillary 
blood-vessels.  The  diffusibility  of  moat  of  the  substances,  and  their  cndoamotic 
equivalent,  which  is  incontestably  connected  with  it,  have  as  yet  unfortunately 
been  too  little  investigated  to  refer  their  facility  of  absorption  to  these  principles; 
but  it  is  probable  that  this  facility  depends  on  their  diffusibility,  their  volatility, 
and  a  certain  simplicity  of  composition,  approaching  to  a  binary  constitution; 
accordingly,  those  soluble  matters  which  belong  to  none  of  the  above  groups,  If 
'  SchloBsherger :  Arcli.  fiir  Phjrwol.  Med.,  Band  ix.  {  267—269. 
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albfuncn,  eTnnlsioD,  gum,  and  evfn  Rupar,  have  resisted  all  tlie  atterapta  of  che- 
mists to  account  for  their  composition  by  reference  to  the  usual  laws  of  chemical 
afBoitj  or  polarity. 

The  suDstances  eQUtDerated  do  not,  properly  speaking,  become  the  objects 
of  digestion,  as  they  pass  into  the  circulation  from  the  iatestinal  canal,  in 
the  same  state  in  irbich  they  reached  the  latter.  The  compounds  which  some 
of  them  form  within  the  body  with  acids,  need  scarcely  be  mentioned,  as  the  acids 
do  not  effect  any  essential  change  in  them. 

Id  opposition  to  the  opinion  above  expressed,  that  wonrali  is  not  absorbed  from 
the  intestinal  canal,  arc  the  statements  of  Dr.  Brainard,  that  the  poison  may  be  ad- 
ministered to  an  animal  and  allowed  to  remain  in  its  intestinal  canal  for  twenty- 
four  hours,  at  the  end  of  which  time  the  stomach  and  intestinal  canal  will  be 
found  empty,  and  on  washing  them  carefully  the  fluid  used  may  be  injected  into 
the  veins  of  another  without  effect. 

Another  circumstance  stated  by  Lehmann  is,  "  that  notwithstanding  its  solu- 
bility, the  reception  of  gum  into  the  animal  organism  is  still  doubtful.  Though 
it  aeMom  occurs  in  the  food  even  of  herbivorous  animals,  its  frequent  therapeutic 
employment,  and  its  pecular  chemical  and  physiological  behaviour,  demand  atten- 
tion. The  results  of  experiment  make  it  highly  improbable  that  even  a  email 
portion  of  gum  is  changed  in  digestion  into  sugar.  All  attempla  to  discover  it  in 
the  chyle,  blood,  or  urine  have  failed  j  but  it  is  largely  found  in  the  excrements 
of  animals  fed  on  it: — thus,  of  50  grains  given  to  a  duck,  46  were  recovered  from 
the  excrement  passed  in  the  course  of  nine  hours.  From  these  and  other  experi- 
ments, it  18  evident  that  if  this  substance  be  at  all  capable  of  being  absorbed,  it  is 
only  very  slowly,  and  in  very  small  quantity,  that  it  can  pass  into  the  circulation.' 

Has  anything  been  ascertained  as  to  the  diffusion  or  transudation  of  gum, 
which  may  account  for  the  foregoing  facts?  According  to  Gnihain,  its  diSusi- 
bility  is  one-half  less  than  that  of  sugar  from  starch,  and  four  or  five  tiuiea  less 
than  that  of  chloride  of  sodium,  but  fuur  times  higher  than  that  nf  albumen. 
Jolly  found  the  ondosmotic  equivalent  of  gum  to  be  much  greater  than  that  of 
sugar.  The  simplest  endosraolic  experiment  will  prove  that  animal  membrane  is 
not  impermeable  to  gum  ;  it  remains  to  show  what  the  mechanical  conditions  are 
which  allow  the  passiige  of  but  so  very  little  gum  from  the  digestive  tube  into  the 
blood.  In  a  word,  much  remains  to  be  done  before  we  can  pronounce  a  decided 
opinion  on  the  behaviour  of  this  substance  in  the  intestinal  canal,  or  venture  to 
aasome  the  interference  of  vital  powers  in  resisting  its  absorption.  The  use  of 
Uttcilaginous  mixtures  in  acute  diseases,  if  any,  is  evidently  only  negative.*'  *■ — Ed.] 

124.  This  Absorption  by  the  Blood-vesAcls  is  a  nimple />%«jVn/  operation,  de- 
pending upon  the  relative  consistency  and  raiscibtlity  of  the  blood  and  of  the 
liquid?  to  be  absorbed,  and  upon  the  rapid  movement  of  the  blood  through  the 
Teaeela.  Where  the  contents  of  the  alimentary  canal  are  of  less  specific  gravity 
ihaa  the  blood,  and  are  capable  of  readily  mingling  with  it,  an  codosmotic  current 
will  Ixi  established,  through  the  delicate  parietcs  of  the  blood-Tessels  and  their 
tbiD  inrefltmeots,  between  the  two  liquids,  tbe  former  passing  towards  the  other; 
and  io  this  mode,  albuminous,  gclatinou.9,  sacclinritte,  saline,  and  other  soluble 
robfttaocea  may  be  caused  to  enter  the  blood,  if  their  solution  be  not  too  concen- 
trated. But  if  their  density  be  equal  to  that  of  the  blood,  or  nearly  eo,  little  or 
no  absorption  is  likely  to  take  place ;  and  one  purpose  which  is  answered  by  the 
very  copious  discbarge  of  aqueous  fluid  into  the  alimentary  canal^  during  tbe 

*  Tliis  ia  at  variance  with  certAin  faota  which  appear  well  authentioated.  The  late  Dr. 
Fervirk  quotes  ao  instance  in  wbioh  a  thoaaand  persons  supported  themselTes  for  ttro 
iMatlia  on  the  ^m  wbioh  thej  were  carryiDg  as  merchandise ;  and  six  or  eight  ouoces  for 
Ni  adult  are  said  to  be  sufficient  to  Bustain  life.  Elements  of  Materia  Medica  and  Thera- 
pcHties,  by  Jonathan  Tcrcira,  M.  D.,  1st  Am.  Ed.,  1843*  p.  78. 

•  [The  reader  is  referred  to  the  whole  of  tbe  review,  from  which  the  above  ia  quoted, 
for  a  fuller  axpoeition  of  the  subject  — En.] 
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operntion  of  digestion,  is  obviously  the  reduction  of  the  doositj  of  the  aolntioo 
to  a  favourablo  poiat.  If,  again,  the  deamty  of  the  contents  of  the  alimentary 
canal  fibould  exceed  that  of  the  bloody  an  endosmottc  current  might  perhaps  be 
ofitablished  in  the  opposite  direction;  but  their  dilution  would  probably  be  effected 
BO  speedily,  that  little  of  the  contenta  of  the  blnod-Tesscls  would  be  thus  drawn- 
forth,  more  especially  as  animal  menihranes  appear  to  have  a  special  power  of 
resistiD^  the  passape  of  Albumen,  whilst  they  give  free  transtnissioa  to  Albumi- 
nose.'  —  Thut  the  inoveinent  of  blood  in  the  vessels  will  viisHy  increase  the  rate 
of  endosmotic  absorption,  is  easily  proved  experimentally;  and  this  it  is,  which 
cciDstitutcs  the  main  difference  between  the  living  and  the  dead  subjeet.* 

125.  It  is  a  very  remarkable  fact,  which  has  recently  been  fully  substantiated, 
that  not  merely  soluble  matters,  but  insoluble  substances  iu  a  state  of  niinutc 
division,  may  find  their  way  from  the  alimentary  canal  into  the  current  of  the 
circulation.  Tlius  it  was  found  by  Oesterleo*  that  particles  of  finely-divided 
charcoal,  introduced  into  the  alimentary  canal,  could  be  distinguished  in  the 
blood  of  the  mesenteric  veins  ;  and  similar  results  have  been  obtained  by  Eber- 
hard,  and  by  Mensouides  and  Dondcrs,  not  only  with  charcoal,  but  also  with  sulphur 
and  even  with  starch,  the  latt^'r  substance  being  nt  once  detectible  in  the  blood  by 
the  iodine-test.  It  is  doubtful  whether  these  particles  are  taken-up  by  the  lacteal 
system;  though  Donders  seems  of  opinion,  from  finding  them  deposited  in  the 
lungs  rather  than  in  the  liver,  that  the  former  is  their  more  usual  channel  of 
entrance,'  How  they  find  their  way  through  the  walls  of  the  vessels,  is  at  ' 
present  a  complete  mystery. 

2. — Absorption  from  the  body  in  gentral.  4SI 

126.  The  Mucous  Membrane  of  the  alimentary  canal  is  by  no  moans  the  only 
channel  through  which  nutritive  or  other  substances  may  be  introduced  into  the 
rircukting  apparatus  from  external  sources.  The  Li/mphatic  system  is  present 
in  all  animals  which  have  a  lacteal  system ;  and  the  two,  as  already  pointed-out, 
evidently  constitute  one  set  of  vessels.  The  Lymphatics,  however,  instead  of 
commencing  on  the  intestinal  walls,  ar^  distributed  through  most  of  the  vascular 
tissues  of  the  body,  and  especially  in  the  8kin ;  but  their  number  bears  no 
proportion  whatever  to  the  vascularity  of  the  several  tissues,  or  to  the  amount  of 
interstitial  change  which  these  undergo;  and  it  is  remarkable  that  the  Nervous 
centres  should  be  (so  far  as  is  yet  known)  entirely  destitute  of  them,  and  that 
they  should  be  so  scanty  in  the  interior  of  Muscles,  as  to  suggest  that  they  belong 
rather  to  the  connective  areolar  tissue  than  to  the  muscular  substance  itself. 
Their  origins  cannot  be  clearly  traced ;  but  they  seem  in  general  to  form  a  plexiia 
in  the  substance  of  the  tissues,  from  which  the  convergent  trunks  arise.  After 
passing,  like  the  lactcals,  through  a  series  of  glandular  bodies  (the  precise  nature 
of  which  will  be  presently  considered,  §  133,)  they  empty  their  contents  into  the 
same  receptacle  with  the  lactcals;  and  the  mingled  products  of  both  pass  into 
the  Sanguiferous  system.  We  find  in  the  Skin,  also,  a  most  copious  distribution 
of  capillary  blood-vessels,  the  arrangement  of  which  is  by  no  means  unlike  that 

*  It  ia  Gonnidered  by  Liebig  that  tlie  purgative  e^Qeta  of  ooDcentrated  saline  solutions 
are  to  b«  accounted-for  on  this  principle,  —  tlie  eatablishment  of  an  endosmotic  current 
from  iastend  of  toward*  the  circulating  syatcm.  It  is  ditlicult,  however,  llius  to  Account 
for  iiU  the  phenomena  of  saline  pnrg^ation;  niirl  tlie  Author  j^eatly  doubta  the  validity  of 
the  explftnation. —  It  may,  however,  be  upplied  with  more  probiibility,  to  the  fact  of  which 
the  Author  wna  aasured  by  the  Inte  Dr.  Prout;  •vii.,  thnt  having  fed  a  dog  upon  pure 
Btaroh,  he  had  found  nlbumcn  in  the  duodenum.  Dn  this  fficC  Dr.  Prout  much  relied  as  a 
proof  of  the  eonvtriiKUiit/  of  starch  into  albumen, —an  idea  which  would  now  be  aniTersally 
condemned  by  Organic  Chemists ;  but  it  does  not  seem  difficult  to  believe,  that  the  presence 
of  a  viscid  mxsa  of  hulf-digested  starch  might  have  determined  a  transudation  of  albumen 
from  the  blood- rcssels  by  eado»moi>i». 

*  On  the  whole  of  this  subject,  see  the  .Author's  '•  Prirc.  of  Pomp.  Phys,"  chap. 
'  •■  Ueller'8  ArchiT.,"  1847.  ''  "  UenKj's  Zeitschrift,"  1851. 
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of  the  blood-vcBsels  of  the  alimpntery  canal ;  and  its  s^irface  is  further  exteniled 
hy  the  elevations  that  form  the  sensory  papiliie,  which  are  in  many  poinia 
comparahle  to  the  intestinal  vi!li,  allhouph  their  special  function  ia  bo  different. 

127.  In  the  lowest  tribes  of  animals,  and  in  the  earliest  condition  of  the  hi]srher, 
it  would  eeera  as  if  the  Absorption  by  the  external  surface  ia  almost  er|iially 
important  to  the  maintenance  of  life,  with  that  which  takes  place  through  the 
internal  reflexion  of  it  foraiiiip  the  walla  of  the  Digestive  cavity.  In  the  adult 
condition  of  inost  of  the  higher  animals,  however,  the  special  function  of  the 
latter  is  bo  much  exalted  as  usually  to  supersede  the  necesflity  of  any  other  supply; 
and  the  function  of  the  cutaneous  and  pulmonary  surfaces  may  be  considered  as 
rather  that  of  exhalation,  than  of  absorption.'  But  there  are  peculiar  conditions 
of  the  system,  in  which  the  imbibition  of  fluid  through  these  surfaces  is  per- 
formed with  great  activity,  supplying  what  would  otherwise  be  a  most  important 
deficiency.  It  may  take  place  either  throuph  the  direct  application  of  fluid  to 
the  surface,  or  even  through  the  medium  of  the  atmosphere,  in  wiiich  a  greater 
or  less  proportion  of  watery  vapour  is  usually  dissolved.  The  absorption  occurs 
most  vif^oronsly,  when  the  system  has  been  drained  of  its  fluid,  cither  by  an 
excess  of  the  excretions,  or  by  a  diminution  of  the  regular  supply. 

128.  It  may  be  desirable  to  adduce  some  individual  cases,  which  will  set  this 
function  in  a  striking  point  of  view;  and  those  may  be  first  noticed,  in  which 
the  Absorption  took  place  through  the  contact  of  it'qittih  with  the  skin.  It  is 
well  known  that  shipwrecked  sailors,  and  others  who  are  suffering  from  thirst, 
owing  to  the  want  of  fresh  water,  find  it  greatly  alleviated,  or  altogether  relieved, 
by  dipping  their  clothes  into  the  sea  and  putting  thorn  on  whilst  still  wet,  or  by 
frequently  immersing  their  own  bodies.* — In  a  case  related  by  Dr.  Currie,  of  a 
patient  laboring  under  dysphagia  in  its  most  advanced  stage,  (the  introduction  of 
any  nutriment,  whether  solid  or  fluid,  into  the  stomach,  having  become  perfectly 
impracticable,)  an  attempt  was  made  to  prolong  his  eiistence,  by  the  exhibition 
of  nutritive  encmata,  and  by  immersion  of  the  body,  night  and  morning,  in  & 
bath  of  milk  and  water.  During  the  contuiuance  of  this  plan,  his  weight,  which 
had  previously  been  rapidly  diminishing,  remained  stationary,  ahhough  the 
quantity  of  excretion  was  increased.  How  much  of  the  absorption,  which  must 
have  been  effected  to  replace  the  amount  of  excreted  fluid,  ia  to  be  attributed  to 
the  baths,  and  how  much  to  the  enemata,  it  is  not  easy  to  say ;  but  it  is  important 
to  remark  that  "  the  thirst,  which  was  troublesome  during  the  first  days  of  the 
patient's  abstinence,  was  abated,  and,  as  he  declared,  removed,  by  the  tepid  bath, 
in  which  he  had  the  most  grateful  sensations."  *'It  cannot  be  doubted,"  Dr. 
Currie  observes,  "that  the  discharge  by  stool  and  perspiration  exceeded  the 
weight  of  the  clysters;"  and  the  loss  by  the  urinary  excretion,  which  increased 
from  24  oz.  to  36  oz.  under  this  system,  ia  only  to  be  accounted  for  by  the  cuta^ 
neous  absorption.' — Dr.  8.  Smith  mentions  that  a  man,  who  had  lost  nearly  3  lbs. 
by  perspiration,  during  an  hour  and  a  quarter's  labor  in  a  very  hot  atmosphere, 
regained  8  oz.  by  immersion  in  a  warm  bath  at  95°,  for  half  an  hour.* — The 
experiments  of  Dr.  Madden'  on  his  own  person  show  that  a  positive  increase 
usually  takes  place  in  tbe  weight  of  the  body,  during  immersion  in  the  warm 

'  We  have  a  remarkable  eieeption  to  this  genera!  etatcmeDt,  however,  in  the  case  of 
Frogs  ntid  other  ItAtracliia,  whicb  are  characterized  hy  the  euftneew  of  their  nkiitfl  and  the 
thinness  of  tbeir  epidermic  covering;  for  cutaneous  absorption  seems  in  them  to  be  no  less 
BOtive  ihnn  their  outaneoua  exhalation  and  reGprration  rire  well  known  to  be.  Thua  Frog?, 
which  habUually  live  in  a  moiat  atmosphere,  seldom  or  never  drink ;  yet  when  they  hnve 
lost  fluid  hy  exposure  to  hot  dry  air,  thej  will  regain  their  weight  bj  being  left  For  a  time 
upon  moist  sand  ;  and  tbe  bladder,  which  serves  as  a  reservoir  of  water  for  cutaneous  exha- 
lation, tboogh  previously  emptied,  will  be  refilled. 

*  See  a  collection  of  such  cases  in  Dr.  Maddea's  *'  Experimental  Enquiry  into  the  Pby* 
Biology  of  Cutaneons  Absorption,"  p.  47. 

•  "  Medical  reports,"  vo!.  i.  pp.  308—326.         *  "  Philoeophy  of  Health,"  vol.  ii.  p.  896 
•Op,  oil,  pp.  60—68. 
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bath,  even  though  there  ia  at  the  same  time  a  continual  loss  of  weight  by  ptiM 
monary  exhalation,  and  by  transudation  from  the  skin.'  This  increase  wa»,  in 
some  instances,  as  much  as  5  drachma  in  half  an  hour;  whilst  the  loss  of  weicbt 
daring  the  previous  half-hour  bad  been  64  drachms  :  so  that,  if  the  same  rate  of 
loss  were  continued  in  the  bath,  the  real  gain  by  absoqjtion  must  have  been 
nearly  an  ounce  and  a  half.  Why  this  j^in  was  much  lees  than  in  the  cas«9  just 
atludod-to,  ia  at  once  accounted-for  by  the  fact,  that  there  was  no  deficiency,  ii^^H 
the  latter  case,  of  tbe  fluids  naturally  prci^cnt  in  the  body.  ^^M 

129.  There  are  certain  phenomena,  which,  if  accurately  recorded,  cannot  b«^^ 
accounted-for  in  any  other  way,  than  by  admitting  that,  under  particular  circum- 
Staoces,  a  considerable  amount  of  water  may  be  absorbed  from  the  vapour  of  the 
atmoephere.  The  following  are  amon^  the  most  eatisfactory  and  circumataotial 
observatlous,  that  have  been  adduced  in  support  of  tbis  position.  Linii 
observed  that  hia  body  on  one  occasion  increased  in  weight,  durinp  two  hours, 
tlie  amount  of  8i  oz.;  allowance  being  made  for  the  amount  of  fluid  ingest 
during  that  time,  and  for  the  quantity  passed-off  by  the  urine  and  by  cutanc 
transpiration.*  Dr.  Jurin  afBrroa  that  he  ascertained  an  increa.sie  of  18  ox. 
have  taken  place  during  a  nijjht  passed  in  a  cool  room,  after  a  day's  exercise  ai 
abstinence.'  It  is  stated  by  Dr.  Watson,*  that  a  liid  at  Newmarket,  having  be 
almost  starved,  in  order  that  he  might  be  reduced  to  a  proper  weight  for  ridii 
a  match,  was  weighed  at  9  A.  M.,  and  again  at  10  A.  M.;  and  he  was  found  to 
havr?  gained  nearly  30  oz.  in  weight  in  the  course  of  this  hour,  though  he  had 
only  drunk  half  a  glass  of  wine  in  the  interim.  A  parallel  instance  was  related 
to  the  Author  by  the  late  Sir  G.  Hill,  then  Governor  of  St.  Vincent;  a  jockey.^^ 
bad  bcon  fur  some  time  in  training  for  a  rac^e,  in  which  that  gentleman  was  mu<q^| 
intorest'ed,  and  had  been  reduced  to  the  proper  weight;  on  the  morning  of  th^^^ 
trial,  being  much  oppre&sed  with  thirst,  ne  took  one  cup  of  tea;  and  shortly 
nflerwards  his  weight  was  found  to  have  increased  6  lbs.,  so  that  he  was  inca- 
pacitated for  riding. — Nearly  the  whole  of  the  increase  in  the  former  case,  and 
nt  least  three-fourths  of  it  in  the  latter,  must  be  attributed  to  absorption  from 
the  vapour  of  the  atmosphere;  probably,  however,  rather  through  the  Inngg  than 
through  the  skin.  If  the  possibility  of  such  absorption  bo  admitted,  we  are 
probably  to  attribute  to  it  the  chief  part  of  the  excess  of  watery  fluid  which  cannot 
be  otherwise  accounted- for,  in  the  following  instances. — Dr.  Hill' relates  the  case 
•  of  a  diabetic  patient,  who  for  five  weeks  passed  24  lbs,  of  urine  every  twenty-four 
hours ;  hia  ingesta  during  the  same  period  amounted  to  22  lbs.  At  the  oom- 
mencement  of  the  disease,  be  weighed  145  lbs. ;  and  when  he  died,  27  lbs.  of 
lofl4  had  been  sustained.  The  daily  excess  of  the  excretions  over  the  fluid  ingesta 
could  not  have  been  leas  than  4  lbs.;  making  140  Iba.  for  the  thirty-five  days 
during  which  the  complaint  lasted.  If  from  this  we  deduct  the  amount  of 
diminution  which  the  weight  of  the  body  sustained  during  the  time,  we  shall 
still  have  113  lbs.  to  be  accounted  for,  which  can  only  have  entered  the  botly 
from  the  atmosphere. — A  case  of  ovarian  dropsy  boa  been  recorded  by  Mr.  Ford,* 
in  which  it  was  observed  that  the  patient,  daring  eighteen  days,  drank  692  ox.  or 
43  pinta  of  fluid,  and  that  she  discharged  by  urine  and  by  paracentesis  1298  ot 
or  91  pints,  which  leaves  a  balance  of  606  oz.  or  38  pints,  to  be  similarly  accoanted 
for.T 


'  Thftt  part  of  the  f^notion  of  ctitaaeous  transpirutioo,  which  consista  in  eimple  exhala- 
tion, is  of  course  completely  checked  bj  anch  immersion  ;  but  that  which  is  the  result  of 
%n  Bctunl  secreting  jirocess  in  the  cutaneous  glands  (obap.  xu.  Sect,  i.)  is  increased  b; 
heat,  even  thoagb  this  bo  kocompiuijcd  with  moisture. 

•  "Philosophical  TransantiunB,"  1748,  p.  496. 

•  Klspp,  •'  Inaug.  IJi»M<irt.,"  p.  30.  cited  bj  Dr.  Madden 

•  "CbomicAl  Essays,*'  tol.  iii.  p.  100, 

•  "Trans,  of  Med.-Chinirjj,  Soo.  of  Edlnb.,"  vol,  if, 

•  *'  Bledieal  CommuDlcatlons,"  vol.  H.  p.  180. 
^  lo  this  cose,  bowwer,  as  In  others  of  »  sliHllar  kind,  something  is  to  be  allowed  for  tb« 


ABSORPTION    FROM    THE    BODY    IN    GENERAL, 


149 


130.  Not  only  water,  but  substances  dissolved  in  it,  may  be  thus  introduced. 
It  has  been  found  tbflt,  after  bathing  in  infosiona  of  madder,  rhubarb^  and 
turmeric,  the  urine  was  tinged  with  these  substances;  aod  that  a  garlic  plitster 
affected  the  breath,  when  every  care  was  taken,  by  breathing  through  a  tube  con- 
nected with  the  exterior  of  the  apartment,  that  the  odour  should  not  be  received 
ioto  the  lungs.'  Gallic  acid  has  been  found  in  the  urine,  after  the  extcrnnl  appli- 
cation of  a  decoction  of  a  bark  containing  it;  and  the  soothinj^  influence,  in 
ciises  of  neuralgic  pain,  of  the  external  application  of  cherry-laurel  water  is  WfU 
known.  Many  saline  substances  are  absorbed  by  the  skin,  when  applied  to  it  in 
soluiion  J  and  it  ia  interesting  to  remark,  that,  contrary  to  what  happens  in  repard 
to  the  absorption  of  these  from  the  alimentary  canul,  they  are  for  the  most  part 
more  readily  discoverable  in  the  Absorbents  than  in  the  Veins.  This  is  probably 
due  to  the  fact,  that  the  imbibition  of  them  takes  place  entirely  according  to 
physical  lawsj  in  conformity  with  which  they  pass  most  readily  into  the  vessels 
which  present  the  thinnest  waits  and  the  largest  surface.  In  the  intestines,  the 
vascular  plexus  on  each  villus  is  not  only  very  extensive,  but  also  enshoaths  the 
lacteal  trunk ;  and  aa  the  walls  of  the  veins  arc  thin,  there  is  considerable  facility 
for  the  entrance  of  saline  and  other  substances  into  the  general  current  of  the 
circulation  :  but  in  the  skin,  the  lymphatics  are  distributed  much  more  minutely 
and  extensively  than  the  veins ;  and  soJuble  matters,  therefore,  enter  them  in 
preference  to  the  veins.  The  absorbent  power  of  the  Lymphatics  of  the  skin  is 
well  shown  by  the  following  experiments.  A  bandage  having  been  tied  by 
Schreger  round  the  hind-leg  of  a  puppy,  the  limb  was  kept  for  twenty-four  hours 
in  tepid  milk;  at  the  expiration  of  this  period,  the  lymphatics  were  found  full  of 
milk,  whilst  the  veins  contained  none.  In  repeatinp  this  experiment  upon  a 
young  man,  no  milk  could  be  detected  in  the  blood  drawn  from  a  vein.  It  has 
been  shown  by  Miiller  that,  when  the  posterior  extremities  of  a  frog  were  kept 
for  two  hours  in  a  solution  of  prussiate  of  potass,  the  salt  had  freely  penetrated 
the  lymphatics,  but  had  not  entered  the  veins. — -It  does  not  follow,  however,  from 
these  and  similar  experiments,  that  in  al{  tissues  the  lymphattcs  absorb  more 
readily  than  the  veins;  for  aa  the  capillary  blood-vesaela  in  the  Lungs  are  much 
more  freely  exposed  to  the  surface  of  the  air-cells  than  are  the  lymphatics,  we 
should,  on  the  principles  just  now  stated,  expect  the  former  to  absorb  more 
readily.  This  appears  from  experiment  to  be  the  fact;  for,  when  a  solution  of 
pru^iate  of  potass  was  injected  by  Mayer  into  the  lung,  the  salt  could  be  detected 
in  the  serum  of  the  blood  of  the  left  cavities  of  the  heart,  before  it  had  reached 
that  of  the  right. 

13L  Our  inferences  with  regard  to  the  ordinary  functions  of  the  Lyrophatio 
system,  however,  must  be  rather  drawn  from  the  nature  of  the  fluid  which  it  eon- 
tjiioB,  and  from  the  uses  subsequently  made  of  it,  than  from  such  experiments 
as  the  preceding.  Wo  shall  presently  see,  that  there  is  a  close  correspondence 
in  composition  btfrween  the  Chyle  of  the  LacteaU,  and  the  Lymph  of  the  Lym- 
phatics ;  the  chief  difference  being  the  presence  of  a  considerable  quantity  of 
fatty  matter  in  the  former,  and  of  a  lurger  proportion  of  the  assimilable  sub- 
stanoea  (albumen  and  fibrin)  which  are  equally  characteristic  of  both  (§  134). 
This  evident  conformity  in  the  nature  of  the  fluid  which  these  two  sets  of  vessels 
transmit,  joined  to  the  fact  that  the  fluid  Lymph,  like  the  Chyle,  is  conveyed 
ioto  the  general  current  of  the  circulation,  just  before  the  blood  is  again  trans- 
mitted to  the  system  at  large,  almost  inevitably  leads  to  the  inference,  that  the 
lymph  is,  like  the  chyle,  a  nutritiotia  fluid,  and  is  not  of  an  eicrementitioue 
character,  as  maintained  by  Hunter  and  his  followers.*     On  the  other  band,  the 

quantity  of  water  GoalKined  in  the  aolid  food  ingested  ;  but  this  maj  be  fairly  considered 
not  to  exceed  the  quantitj  lost  by  pulmonary  and  cutaneous  exhalation,  and  discharged  in 
the  fseal  evacuatiooB. 

•  Prof.  Danglison's  '« Hamnn  Physiology,"  7lh  edit.  vol.  i.  p.  6fi8. 

*  Since  the  time  of  Uunter,  who  first  brought  prominently  fonrardi  the  dootrtne  alluded 
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olose  resembUuce  between  the  contents  of  the  Lymphatics,  and  diluted  Liqnor 
iBanj^uiuis,  eeems  to  indicate  that  the  former  are  chiefly  derived  from  the  fluiJ 
portion  of  the  blood,  which  has  transuded  through  the  walls  of  the  capillary 
vessels ;  und  we  shall  presently  see  reaaoii  to  believe,  that  this  transudatioD  i« 
partly  for  the  purpose  of  subjecting  the  crude  materials,  which  may  bare  been 
taken  up  direct  into  the  blood-veasela,  to  an  elaborating  or  preparatory  agency, 
sach  as  it  seems  to  be  the  especial  object  of  the  Lacteal  system  to  exert  upon  the 
nutritive  substancea  which  ti  serves  to  introduce  into  the  circulation.  —  But  it 
seems  not  impossible,  that  there  may  be  another  source  for  the  contentfl  of  the 
Lymphatics.  We  have  already  had  to  alludCj,  on  several  occasions,  to  the  di»- 
integration  which  Is  continually  taking  place  within  the  living  body;  whether  aa 
a  result  of  the  limited  duration  of  the  life  of  its  component  parts,  or  aa  a  couse- 
queoee  of  the  decomposing  action  of  Oxygen.  Now  the  dva(h  of  the  tissaes  by 
DO  means  involves  their  immediate  and  complete  dcHtniction ;  and  there  seems 
no  more  reason  why  an  animal  should  not  derive  support  from  its  own  dead  parts, 
than  from  the  dead  body  of  another  individual.  Whilst,  therefore,  the  matter 
which  haa  undergone  too  complete  a  disintegration  to  be  again  employed  a^ 
nutrient  material,  is  carried-off  by  the  excreting  processes,  that  portion  which  ia 
capable  of  being  again  assimilated,  may  be  taken  up  by  the  Lymphatic  system. 
If  this  be  the  case,  we  may  say  with  Dr.  Prout,  that  "a  sort  of  digestion  is  car- 
ried-on  in  all  parts  of  the  body." — It  may  be  stated,  then,  as  a  general  proposi- 
tion, that  the  function  of  the  Absorbent  System  is  to  take-up,  and  to  convey  into 
the  Circulating  apparatus,  such  substances  as  are  capable  of  appropriation  to  the 
nutritive  process;  whether  these  substances  be  directly  furnished  by  the  external 
world,  or  be  derived  from  the  disintegration  of  the  organism  itself.  We  have 
seen  that,  in  the  Lacteals,  the  selecting  power  is  aueb,  that  these  vessels  are  not 
disposed  to  convey  iuto  the  system  any  substances  but  such  aa  are  destined  for 
this  purpose ;  and  that  extraneous  matters  are  absorbed  in  preference  by  the 
meaenterie  Blood-vessels.  The  case  is  different,  however,  with  regard  to  the 
Lymphatics;  for  there  is  reason  to  believe  that  they  are  more  disposed  than  the 
venous  capillaries,  to  the  absorption  of  other  soluble  matters,  especially  when 
these  are  brought  into  relation  with  the  Skin,  through  which  the  lymphatic  ves* 
Bels  are  very  profusely  distributed. 


8,— (y  the  Elaboration  of  the  N'utrient  Materiah. — Sanguification. 

132.  The  alimentary  substances,  taken-up  by  the  Blood-vessels  and  Absorbents, 
seem  very  far  from  being  capable  of  immediate  application  to  the  nutrition  uf 
the  body ;  for  we  find  that  they  are  not  conveyed  by  any  means  directly  into  the 
circulating  current,  but  that  those  which  enter  the  Gastro-intestimd  veins  are 
Bubraitted  to  the  operation  of  the  Liver,  whilst  those  which  are  received  into  the 
Lacteals  are  subjected  to  a  kind  of  glandular  action  within  fheir  own  system; 

to,  it  was  long  taught  (in  this  country  espeoiall;)  that  the  function  of  the  LymphaticB  ii 
to  remove,  bj  ialerstidal  absorption,  the  effete  matter,  which  ia  destined  to  be  carried  out 
of  the  BjBtcm  ;  and  a.uj  undue  activity  in  thia  process  (8Qch  as  exists  ia  akeration),  and 
anj  de&cieDcy  in  its  energy  (sue b  aa  gives  riae  to  dropsical  effusions,  and  other  coliectiona 
of  the  same  kind),  have  beeo  attributed  to  excess  or  diminution  in  the  normal  operation 
of  the  Absorbent  system.  All  that  we  at  present  know,  howerer,  of  the  process  of  Nu- 
trition, tends  to  the  belief  that  the  effete  matters  are  carried  off  by  the  Venous  Bystem; 
for  not  only  do  we  find  do  trace  in  the  Lymph  of  any  of  those  euhstnnces  which  are  des- 
tined for  eliminntion  as  eicrementitious,  but  tbe  Lymphntic  vcsjjela  are  either  absent 
altogether,  or  exist  in  hut  very  small  numbers,  in  the  Nerro-AEuijcutiir  apparatus,  which 
undergoes  more  constant  interatitiul  change,  and  produces  more  effete  matter  bj  its  dis- 
integration,  than  does  any  other  part  of  tho  orgaDism.  It  may  be  safely  affirmed  that 
there  is  not  a  single  fact  to  support  what  is  known  aa  the  Huntman  doctrine;  whioli 
coqM  never  have  gained  currency  but  for  the  authority  of  its  great  teacher, — its  originalor, 
perhjipa,  having  been  rather  Hewson  than  Hunter. 
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the  newlj-absorbed  matoriab  in  both  cases  underpoinp  considerable  changes, 
which  tend  to  assimilate  them  to  the  couiponenta  of  the  Blood.  —  It  will  be  re- 
collected that  all  the  veins  which  tetarn  the  blood  from  the  capillaries  of  the 
gastro-intestina!  canal,  converge  into  the  porhil  trunk,  which  distribntea  this 
blood,  charged  with  the  newlj-absorbed  inuterialp,  through  the  capillary  system 
of  the  Liver.  The  agency  of  this  gland  was  formerly  supposed  to  be  limited  to 
the  elimination,  from  the  blood  subjected  to  ils  influence,  of  the  materialfl  of  the 
biliary  secretion ;  but  there  is  now  evidence  that  the  blood  itself  is  chanored  by 
its  means,  in  a  manner  which  indicalea  an  anitimilufinf}  as  well  as  a  ^Irpvratiiuj 
action.  The  blood  which  comes  to  the  Liver  from  the  alimentary  canal,  is  charged 
with  albuminous  matter  in  a  state  different  from  that  of  the  albumen  of  perfect 
blood  (§  183);  and  the  aaairailation  of  this  would  appear,  from  the  observations 
and  experiments  of  M.  C!.  Bernard  (§  185),  lo  be  one  of  the  most  important 
functions  of  the  liver.  For  he  found  that  whilst  a  solution  uf  epg-nlbuiuen,  in- 
jected into  the  jugalar  vein,  speedily  occa.sioned  a  transudatinn  of  albumen  into 
the  urine,  no  such  transudation  occurred  whi-n  a  similar  solution  wsia  injected 
into  the  vena  portae  ;  so  tbat  the  albumen  must  have  undergone  some  ehanj^^e  in 
passing  through  the  Liver,  which  rendered  it  no  longjer  a  foreign  ingredient  in 
the  blood.  So,  again,  the  saccharine  matters  which  are  brought  to  the  Liver  in 
the  condition  of  grape-sugar  or  of  cane-sugar,  are  converted  by  its  agency  into 
'  liver-sugar;'  a  form  of  the  saccharine  prineiple,  of  whose  presence  the  blood  is 
much  more  tolerant  than  it  is  of  any  other,  as  is  shown  by  the  results  of  the  in- 
troduction of  these  sugars  into  different  parts  of  the  circulating  system.  For  if 
cane-sugar  be  injected  into  the  jugular  vein,  even  in  very  small  amount,  it 
speedily  appears  in  the  urine ;  but  it  may  be  injected  in  large  quantity  into  the 
vena  portae,  without  showing  itself  in  this  excretion.  On  the  other  hand,  the 
blood  can  tolerate  the  injection  of  liver-sugar  into  any  pnrt  of  its  current,  to  an 
amount  not  lesa  than  240  times  that,  whit-h,  in  the  case  of  cane-sugar,  will  in- 
volve its  immediate  escape  by  the  kidney.'  From  the  saccharine  comjMJundji 
brought  to  the  Liver,  moreover,  it  appears  that  fatty  matter  can  be  generat^^d ; 
but  as  the  introduction  of  this  eubstaiQce  into  the  blood-vessels  ordinarily  takes 
place  through  a  different  chann*!,  the  action  of  the  liver  would  not  appear  to  bo 
essential  to  its  assimilation;  and  it  has  been  found  by  M.  Bernard,  that  oil  may 
be  injected  into  the  general  circulation  without  exciting  any  violent  effort  at  its 
elimination. — There  is  evidence  that  the  Liver  may  be  subservient  even  to  the 
vital  transformation  of  the  components  of  the  blood.  For  it  has  been  observed 
by  Prof  E.  H.  Weber,  that,  during  the  lust  three  days  of  incubation  of  the 
chick,  the  liver  h  made  bright-yellow  by  the  absorption  of  the  yolk,  which  fills 
and  clogs  all  the  minute  branches  of  the  portal  veins ;  and  that  in  time  the 
materials  of  the  yolk  disappear,  part  being  developed  into  blood-corpuscles  and 
Other  constituents  of  blood,  which  enters  the  circulation,  and  the  rest  forming 
bile,  and  being  discharged  into  the  intestine.*  And  if  as  asserted  by  JL  Bernard, 
the  quantity  of  fibrin  is  relatively  greater  in  the  blood  of  the  hepatic  vein,  than 
io  the  portal  blood,  the  metamorphosis  of  utbuuien  into  fiibrin  must  be  admitted 
to  be  one  of  the  functions  of  the  liver  :*  upon  this  point,  however,  he  is  by  no 
means  in  accordance  with  other  observers  (§  185). 

'  See  M.  Magendie,  ia  "  L' Union  M^dicale,"  1849,  Noa.  72,  75,  79. 

*  "Henl*  and  Pfeufer's  Zeitschrifl,"  184G.— See  also  9  167, 

*  See  on  the  whole  of  this  subject,  M.  CI.  Benuird's  Lectures  on  the  '*  Functions  of  the 
Liver,"  delivered  before  the  College  de  France,  nnd  publisbed  in  "  L' Union  Mddieale"  for 
1850.  [M.  Bernnrii's  opinions  seem  to  h&ve  undergone  some  chmige  since  the  publication 
of  the  Iccturft  referred  to  in  the  note;  for  in  those  delivered  before  the  College  of  France, 
in  I85%-4,  he  malces  the  followiitg  stntementti,  after  detniiling  the  analyses  of  Simon  and 
ooother  chemist,  whom  he  does  not  name,  lo  the  effect  that  the  blood  of  the  bepstio  roin 
contains  Ifn  fibrine  th&n  that  of  the  portal,  "la  the  liver  the  Jivdro-carbonaccous  ingre- 
dients of  the  fibrine  are  vised  to  make  sugar,  and  the  nitrogcnized  tbnt  itrc  left,  to  inuke 
bile.     Exjverimeuta  show  that  the  sugar  and  bile  are  in  prbportion  lo  the  fibrine  desirojed. 
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133.  The  whole  of  the  Lwteal  and  Lymphatic  8jstcm  may  be  looked-upon 
as  constituting  one  great  Asfimilutinfj  Gland,  dinpersed  through  the  body  at 
large;  for  it  does  not  differ  in  any  essential  particular  from  what  the  Kidney  or 
the  Testis  would  be,  if  it  were  simply  unravelled,  and  its  convoluted  tubuli  spread 
through  the  entire  system,  yet  still  all  diacbargiag  their  secreted  products  by  a 
common  outlet.  In  the  cold-blooded  Vertebrata,  the  Absorbent  system  appear* 
to  attain  a  relatively  greater  development,  tbao  it  docs  in  the  higher  classes;  but 
the  difference  really  lies  in  the  greater  extension,  in  the  former,  of  those  glandu- 
lar elemenis  which  are  more  conceatrated  in  the  latter  (See  Prino.  op  CoMf. 
Phy8.,  §§  1S4 — 187). — The  Lacteala  are  connected,  very  near  their  orifrin,  with 
those  peculiar  bodies  which  are  known  as  Feyer't  Gland*.     These  may  be  eiUi«r 

'solitary'    or   'agminated;'    the    fonncr 
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E>rc8cnt  themselves  along  nearly  the  whole 
t>ngth  of  the  intestinal  canal,  whilst  the 
liittt-r  are  restricted  to  the  small  intestine, 
being  must  abuudant  at  the  lower  part  of 
the  ileum.  In  wbatevor  portion  of  the 
length  of  the  canal  they  may  occur,  they 
are  always  limited  in  situation  to  that 
part  of  its  periphery  which  joins  the  me- 
sentery. Each  '  Peycrian  gland/  in  a 
healthy  mucous  membrane,  presents  the 
appearance  of  a  circular  white,  slightly- 
raised  spot,  about  a  line  in  diameter,  over 
which  the  meoibrane  is  usually  leae  boMt 
with  villi,  and  is  very  olW  entirely  desti- 
tute of  thum ;  and  it  is  surrounded  by  a 
riug  of  openings,  which  are  the  orifices  of 
a  sot  of  ca^cal  follicles  disposed  in  a  zone 
PortJonorthemtt»iuittrtM»ofth6endofar^,uoj    j^    .pj      87).       The    « Peyerian 

'  tag  a'<'/'ey-r,-u„Wa„Atb«  orifices  cf  the  fol- P"^^**®*    (F'g'  3«)   present   aggregations 
Uciej,  and  the  villL  of  tht'se  Spots,  varying  in  number  from 

two  upwards,  but  every  one  of  their  indi- 
vidual components  having  precisely  the  same  t'tructure  as  the  solitary  gland.  This 
appears,  from  the  recent  researches  of  Brucke,  Kolliker,  and  others,  not  to  be 
(as  formerly  supposed)  a  proper  gland-vesicle  whose  contents  are  surrounded  by 
B  limitary  membrane ;  but  to  be  a  sort  of  capsule,  whose  walls  are  composed  of 
indis(inctly-6brillated  connective  tissue  with  interspersed  nuclei,  and  who^^e  con- 
tents arc  but  imperfectly  differentiated  from  the  tissues  in  which  the  gland  is 
imbedded.  These  contents  are  made-up  of  a  granular  '  phiama,'  containing  fatty 
and  albuminnus  molecules  of  various  sizes,  with  nuclear  particles,  and  a  few  celU 
(Fig.  3[l)  ;  altogether  presenting  an  appearance  of  being  the  seat  of  rapid  changes 
of  progressive  metamorphosis.  Each  capsule  is  surrounded  by  a  close  Tascular 
network ;  and  according  to  the  observations  of  Frei,  which  have  been  confirmed 
by  Kijlliker,'  capillary  vessels  pass  freely  into  the  midst  of  its  contents,  and  then 
return  by  loops,  as  shown  in  Fig.  40.  That  these  bodies  are  appendages  to  the 
Lacteal  system,  appears  not  only  from  their  peculiar  position,  from  their  closo 
oonformity  in  structure  to  the  Mesenteric  glands,  and  from  the  fact  that  the 
number  of  lacteals  which  may  be  traced  during  digestion  from  the  Peyerian 

Tho  flbrinc  of  the  hepatic  blood  gives  to  it  properties  that  might  be  said  to  arise  from  an 
exc«8S  of  this  Fubntanoe,  Damely,  rapidity  of  coagulation  and  firumcfls  of  the  clot,  dif- 
fering in  this  reepeot  from  the  portal  blood,  irbich  coagulates  very  slowly  and  is  very 
aoft  It  is  not  tbe  quantity  of  tibriiie,  however,  which  pruiiuces  this  peculiarity  of  actioa ; 
It  is  due  rather  to  a  cbeniiuul  iutiuence  depeoding  oii  the  aervous  system." '< — £i>.J 
'  "  Mikroskopiache  Anaiomie,"  band  ii,,  \  171. 

'  Bernard  and  Robin  oa  the  Blood;  translated  by  W.  F.  \llee.  M.  D.     Phllada.,  1864. 
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patches  is  greater  than  that  in  other  parts  of  the  intcstiDC ;  hut  also  from  the 
results  of  direct  experiment,  it  having  been  found  possible  b;  BnJcke'  to  dll  the 


FIS.S8* 


FiQ.  it. 


m 


\^^v 


A,  Portion  of  k  patcfa  of  Peyerian  Olandula  trom  th« 
Hcum  of  tho  Pig,  as  leen  from  the  deep' surface,  tfae  ■•• 
rcuj,  mujcular,  and  areolar  coata  haring  been  dliaected- 
oS;  the  darker  Tetioles  are  open  and  empty,  the  paler 
cloRed  and  fiiU ;  ma^ified  3  diameteM : — a,  two  of  the<e 
reivclefl,  viewed  from  the  ianer  iurfuco  of  th«  Integtine, 
one  of  them  closed  and  foil,  the  other  open  and  empty, 
wilh  Till!  and  apertnrea  of  mncooa  foUiclos  in  their 
neighbourhuodj  magnified  15  diame ten. 


Vertical  Metioo  of  two  of  the  Pcye- 
rian  Otand*^a  flrom  the  Ileum  of  the 
Pig,  one  of  them  oloied  and  full,  the 
other  open  and  empty,  with  thoir  neigh- 
bouring rilli;  magoiflvd  15  diameteri : 
—  a,  ceUnlar  contenta  of  the  Teiiole; 
magnified  250  diameters. 


Peyeriaa  glandalie  hj  injection  from  the  ab8orl>entfl.' — In  their  course  throagli 
the  me6ent«.'Fy,  the  Lacteajs  pass  into  the  bodies  known  as  the  Mcs^mferic  Glands, 
which  stand  in  the  same  relatioa  to  them  that  the  Absorbent  Giands  of  the  body 
generally  do  to  the  Lymphatics  j  and  aa  the  stmeture  of  these  appendages  is 
everywhere  the  same,  one  description  will  apply  equally  to  all.  Accordinj;  to  the 
recent  investigations  of  Brucke  (loc.  cit.),  Kollikcr,'  and  others,  each  ubaorbent 
gland  is  enclosed  by  a  sheath  or  capsule  of  Sbrous  tissue,  which  sends  inwards  a 
number  of  thin  lamellEe,  bo  disposed  and  connected  together,  as  to  constitute  a 
tt)lerable  regular  arcolated  framework  pervading  the  entire  gland  (Fig.  41,  a). 
The  rounded  'alveoli' thus  formed  (Fig.  41,  b)  are  filled  with  a  greyish-white 
pulp,  whicb  agrees  in  all  its  characters  with  that  of  the  Peyerian  bodies,  and 
which  is  penetrated,  like  the  latter,  by  a  fine  capillary  plexus.  These  'alveoli' 
seem  to  be  in  free  communication  both  with  the  vasa  afferentia  and  the  vaaa  rffe- 

'  See  bis  Memoir  '  Ueber  don  Bau  und  die  phyBioIo^aehe  Bedeutuag  der  Pcycrlschen 
Driisea,'  in  "  Denkachriften  der  Kaiserlichen  AkaJemie  der  Wissenschnftcn,"  TVien,  1850 

tan  abstract  of  which  is  cootftined  in  the  "  Edmb.  Monthly  Journal"  for  Not.  1850) ;  and 
lis  Bubsequent  papers  '  Ueber  die  Aoifaaajg^ng  dea  Cbjlus,'  &c.>  in  "Sitzungsberichte  d. 
Wiener  Akad./'  Dec.  IH52,  Jan.  1853,  and  March,  1853.  See  also  Brucb,  in  "Siebold 
and  Kcilliker's  Zeitschrifl,"  April,  1S53,  Their  resulta  appear  to  proTe  quite  conclasiTely, 
that  the  Peyeriaa  glandulo!  are  reatly  appendages  to  the  Absorbent  eystem,  corresponding 
in  every  respect,  save  their  situation,  to  the  meaenterifi  and  lytnphatio  glands ;  and  hcnoe 
that  their  open  or  follicular  condition,  which  has  been  so  frcrjuently  met-with  as  to  have 
been  regarded  by  Profs.  Erause  and  Alien  Thonisoa  as  a  Dormal  stage  in  their  history  (sea 
especially  the  Memoir  by  the  latter  in  "Ooodsir's  Annals  of  Anatomy  and  Physiology," 
No.  1),  has  not  the  signification  formerly  attached  to  it.  In  Dr.  A.  Thomson's  observations, 
which  were  chiefly  made  on  the  Pig,  some  patches  presented  no  openings,  in  others  almost 
all  tlie  vesicles  were  open  and  empty,  white  in  a  third  set  open  and  closed  vesicles  wore 
found  irregularly  mingled  in  the  same  patch  (Figs.  38,  Z%):  and  the  Author  has  himself 
frequently  met  with  tiie  follicles  in  thC'  open  condition,  in  cases  in  which  there  was  no  ap- 
pearance of  disease.  It  remains  as  a  point  for  inquiry,  therefore,  whether  there  Is  not  a 
continual  dying-away  and  new  production  of  these  bodies ;  a  hypothesis  which  would  iu 
some  degree  account  for  the  remarkable  variety  in  their  number  and  scat,  which  preseata 
itself  in  different  individuals. 
*  '*  MikroBcopiscbe  Anatomie,"  band.  tL  {  260. 
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renh'a;  and  the  fluid  brouj^ht  to  the  gluads  by  the  former,  must  traTerec  tbeh 
pn5pi.  before  finding  its  way  into  the  latter.  The  large  increase  whicb  is  observ*- 
blc  in  tbe  corpuscles  floating  io  the  chyle  of  the  efferent  Lacteala,  as  comptred 


Fio.  40. 


^-^v 


noriiontal  Section  tbrongb  tbfl  middle  plane  of  three  Peyertan  (iland$  in  the  BahUt, 
BfaoifiDg  the  diatribution  of  tbe  blood-resaels  In  the  ulerior. 

Tith  that  of  the  sfferciit,  and  tbo  close  rcsemblaoce  which  they  bear  to  the  cor- 
puscles of  the  inesenteric  glands,  leaves  it  scarcely  doubtful  that  they  are  partlj 
derived  from  those  bodies.     Neither  the  Absorbeot  nor  the  Peyeriua  glands, 

Fib.  41. 


Section  of  Lymirhntic  Glandt  abowing  «  a, 
tbe  fibroua  tifttie  wbiob  formi  its  exterior ;  b  b, 
tuperftclal  rata  inforenda.;  «  e,  larger  *lveoIi 
near  the  surface;  d  d,  Btnnllor  alreuli  cjf  the 
interiur;  «  t,  flWoua  walla  of  the  alvoolL 


Section  of  one  of  the  alTeoH  of  « 
Lymphatic  Oland;  o  a,  ita  fitrrou 
envelope ;  h  b,  prolongations  from 
this,  idtersectiDg  and  subdividing  the 
general  carily  ;  c  e,  nuclei  of  the  fibre- 
oells;  d,  separate  flbre'Cella. 


howeTer^  are  to  be  regarded  in  any  other  lipht,  anatotuieally,  than  as  dilatntions 
of  the  AbaorbentB  tbemBelves,  with  a  largely-increoRod  development,  both  of  the 
fibrous  tissues  which  bound  them,  and  of  the  cellular  elements  which  tbej  coa- 
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tain.  And  physiologically  tliey  may  bo  suppoeeil  to  afford  a  coneentration  (no  to 
epeak)  of  that  metamorphic  power,  which  is  diffuged  in  a  feebler  degree  through 
the  whole  Absorbent  system. 

134.  Composition  and  propertie*  of  the  Chifle.  and  Lymph. — The  chief  cbemi* 
cal  difference  betweeu  these  fluids,  consists  in  the  much  smaller  proportion  of 
solid  matter  in  the  Lymph,  and  in  the  alraost  entire  absence  of  fat,  which  is  an 
important  constituent  of  the  Chyle.     This  is  well  shown  in  the  fuUowiiig  com- 

f)anitive  analyses,  performed  by  Dr.  G.  0.  Rees,  of  the  flmids  obtained  from  the 
acteat  and  lymphatic  vessels  of  an  Ass,  previously  to  their  entraut^c  into  the 
thoracic  duct;  the  auimal  having  had  a  full  meal  seven  boura  before  its  death. 

Chyle.  Lvfnph. 

Water 90U87  96  &36 

Albuminoua  matter  (coagulable  bj  heat) d-616  1-200 

FibriDooB  mivtter  (spontanfiouslj  coagulable)...... 0-870  0-120 

Aoim&l  extractive  matter,  soluble  in  water  nnd  alcohol 0-832  0-240 

Animal  extractive  matter,  Boluble  ia  -water  onlj.. 1-238  1-819 

Fatty  matter 8-601  a  trao« 

Bulla ; — Alkaline  chloride,  sulphate,  and  carbonate,  with  traeea 

of  alkaline  pboaphate,  oxide  of  iron 0-711  0-585 

100.000      lOOOOO 

The  Lymph  obtained  from  the  Deck  of  a  Horse  has  been  analysed  by  Nasse,  with 
nearly  the  same  reeult.  He  found  it  to  contain  95  per  cent  of  water;  and  the  5 
per  cent  of  solid  matter  was  chiefly  composed  of  albumen  and  fibrin,  with  waiery 
extractive,  scarcely  a  trace  of  ftit  being  discoverable.  The  proportion  of  saliue 
matter  was  found  to  be  remarkably  coincident  with  those  which  exist  in  the  serura 
of  the  blood;  as  might  be  expected  from  the  fact,  that  the  fluid  porlion  of  the 
Ipnph  must  have  its  origin  in  that  which  has  transuded  through  the  blood-vesHclH : 
the  absolute  quantity,  however,  is  rather  less.  A  similar  analysis  of  the  Chyle  of 
a  Cat  by  Nasse,  has  j^vcn  results  very  closely  correspondent  with  that  of  Dr. 
Rees ;  for  the  proportion  of  water  was  90-5  per  cent ;  and  of  the  9-5  parts  of  soliil 
matter,  the  albumen,  fibrin,  and  extractive  amounted  to  more  than  5,  and  the  fat 
to  more  than  3  parts.' — Dr.  Rees  has  also  analysed  the  fluid  of  tho  Thoracic  duct 
of  Man;'  and  found  it  to  consist  of  9048  per  cent  of  water,  7  08  parts  of 
albumen  and  fibrine,  1-08  parts  of  aqueous  and  alcoholic  extractive,  atid  0  DO  of 
fatty  matter,  with  0-44  per  cent  of  salines.  Thus  the  composition  of  ibis  fluid 
would  seem  to  resemble  that  of  the  Lymph,  rather  than  that  of  the  Chyle;  tho 
proportion  of  fatty  to  that  of  the  albuminous  matter  being  very  small.  This, 
however,  might  have  been  very  probably  due  to  tho  circumstance,  that  the  subject 
(an  executed  criminal)  from  whose  body  the  fluid  was  obtained,  had  eaten  but 
little  for  some  hours  before  his  death. 

135.  The  characters  of  the  €hi/ie  drawn  from  the  larger  absorbent  trunks  near 
their  entrance  into  the  Receptaculum  chyli,  are  very  difl^erent  from  those  of  tho 
fluid  first  absorbed  into  the  Lacteals;  for  during  the  passage  through  these  vessels 
and  the  Meseateric  glands,  it  undergoes  important  alteraticns,  which  p:radually 
assimilate  it  to  Blood.  The  chyle  drawn  from  the  lacteals  that  traverse  tho 
intestinal  walls,  contains  Albumen  in  a  state  of  complete  solution ;  but  it  is 
generally  destitute  of  tho  power  of  coagulation,  no  Fibrine  being  present  in  it. 
The  Sails,  also,  are  completely  dissolved;  but  the  Oily  matter  presents  itself  in 
the  form  of  globules  of  variable  size."  It  is  generally  supposed,  that  the  milky 
colour  of  the  cbyle  is  owing  to  these ;  but  Mr.  Gulliver  baa  poiuted  out*  that  it  is 

•  ♦'Wagner's  Handworterbaeh,"  band  L,  Art  *Chylu».' 

•  "  Phiiosopbicftl  TransactioDB,"  1 W2. 

*  Tb«BC  oily  globules  are  more  abundant  in  the  Chyle  of  Man  and  of  the  CarniTora  than 
in  that  of  the  Uerbivoni;  their  diameter  has  been  observed  to  rarj  from  l'25,tAM)  to 
l-20O0tli  of  no  inch. 

*  "GcrbeT's  Genera]  Anatomy."  Appendix,  p.  b8;  and  "ilewson'a  Works'*  {Sjdeaham 
Society's  Edition),  notM  to  pp.  82— B8. 
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really  due  to  an  imiinense  multitude  of  far  more  minute  particles  \rhicb  Ue 
describes  as  forming  the  molecular  bate  of  the  chyle.  These  molecules  are  tnort 
abundaut  in  rich,  milky,  opaque  chyle;  whilst  in  poorer  chyle,  which  is  »enii> 
transparent,  or  opiiline,  the  particles  float  thinly  or  separately  in  the  transparent 
fluid,  and  often  exhibit  the  vivid  motions  ooratnou  to  the  moat  minute  molecules 
of  yarioua  subslances.  Such  is  their  minuteness,  that,  even  with  the  beat  instru- 
ments,  it  is  impossible  to  form  an  exact  appreciation  either  of  their  form  or  their 
dimeasioiis.  They  seem,  however,  to  be  generally  spherical ;  and  their  diameter 
may  be  estimated  at  between  1 -36,000th  and  l-24,000th  oif  an  inch.  Though 
remarkable  for  their  unchangeableness,  when  subjected  to  the  action  of  numerooa 
re-agents  which  quickly  affect  the  proper  Chyle-corpuscles,  thev  are  readily 
soluble  in  ether,  the  addition  of  which  causes  the  whole  molecular  base  instantly 
to  disappear,  not  a  particle  of  it  remaining;  whence  it  may  be  inferred  that  they 
consist  of  oily  or  fatty  matter.  That  they  do  not  ordinarily  tend  to  coalesce,  is 
probably  due  to  the  coating  of  albumen  which  they  obtain  through  their  diffusion 
in  an  Qlbuminous  fluid ;  if,  however,  this  be  dissolved  by  acetic  acid,  or  even  bj 
the  addition  of  water,  many  of  the  molecules  are  lost-si^bt-of,  and  oil-drops  appear 
in  their  place.  The  milky  colour  which  the  Serum  of  blood  sometimes  ethibita 
in  healthy  subjects  (|  177),  is  due  to  an  admixture  of  this  molecular  base  with 
the  circulating  fluid. 

136.  During  the  passage  of  the  Chyle  through  the  absorbents  on  the  intestinil 
edge  of  the  mesentery,  towards  the  Mesenteric  Glands,  its  character  changes  in 
several  important  particulars.  The  presence  of  Fibrin  begins  to  manifest  itself, 
by  the  slight  coagulability  of  the  fluid  when  withdrawn  from  the  vessels ;  and  a 
few  Chyle-corpuscles  make  their  appearance.  The  diameter  of  these  bodies  vanea 
from  1-7 110th  to  l-200(>th  of  an  inch :  tbe  average  being  about  14600th.  The 
smallest  among  them  (Fig.  42,  i,  c)  seem  to  be  in  the  condition  of  nuclei ;  in 
those  a  little  larger  (*/,  e)  tho  cell-wall  is  bepnning  to  be  differentiated  from  the 
nucleus  j  whilst  in  those  of  greatest  diameter  (/,  g,  h,  f),  the  cellular  character 
is  very  distinctj  and  the  nucleus  may  be  plainly  seen  in  the  interior,  especially 
after  the  addition  of  a  little  water  or  acetic  acid.  They  occadiooally  exhibit 
curious  changes  of  form  (a,  w);  in  this  respect  corresponding  with  the  Colourleas 
corpusolea  of  the  blood  (§  164),  which  arc  probably  the  same  bodies  in  a  more 
advanced  stage.    A  great  increase  in  the  number  of  these  corpuscles  is  apparent 

in  the  fluid  of  the  efferent  lacteuls;  and  there  is 
Pio.  42.  a]gQ  a  further  augmentation  in  the  proportion  of 

^  Fibrin. — The  Chyle  drawn  from  the  lacteals  that 

^^  "  ^  intervene  between  the  Mesenteric  glands  and  the 

^■T         ^    9         ^  f      Receptacutum,   possesses   a  pale    reddiah-yellov 
^  g^       colour;  and,  when  allowed  to  stand  for  a  time,  it 

undergoes  a  regular  coagulation,  separating  into 
clot  and  serum.  The  former  is  a  consistent  gela- 
tinous mass,  which,  when  examined  with  tbe  mi- 
croscope, is  found  to  include  the  Corpuscles,  each 
of  them  surrounded  by  a  delicate  film  of  oil ;  the 
Fibrin  of  which  it  is  principally  composed,  differs 
remarkably  from  that  of  the  blood,  in  its  inferior 
rn  T  ....  tendency  to  putrefaction :  whence  it  may  be  in- 

•  ■.■toUatoformoccMioMUyieen  af-  *^?™  ^^^*  ^^  ^°«  °^'  ?«'  undergone  its  complete 
tor  «to«p«  of  tbeir  ooQieotf ;  A  A,  ire«  vit^liz^'i<3D-  The  senim  contains  the  Albumen 
nuclei;  c,  B.nadou«  ■turoanded  b j  a  and  salts  in  solution,  and  a  proportion  of  the  Cor- 
fcw  p-Bnn!e«;  d,  t,  ttnM  celts,  *ome  pusclcs  suspended  in  it.  It  is  curious,  however, 
rl:JS!l'!uul*nl{'n* '"**""!''•  tb*t  considerable  differences  in  the  perfection  of 

one  wita  «  TiBiblo  nnoleuc;  A,  gimtlix    ■  ,     .  ,.     ,       ,  ,  i       ,, 

the  coagulation,  and  in  its  duration,  should  preseat 
themselves  in  different  experiments.  Sometimes 
the  chyle  sets  into  a  jelly-like  mass,  which,  witb> 


o^ 


flHQ 


cell  ttfter  addition  of  water ;  1',  almilB 
eclt  after  additioa  af  »octic  aeid. 
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out  any  separation  into  coagulum  and  aorum,  liquefies  again  at  the  end  of  Iialf  an 
hour,  and  remaiaa  in  this  stat^.  Tlli)9  change  takes  place  in  the  true  coagulum 
also,  if  it  he  kept  moist  for  a  sufficient  ienfrth  of  time. — The  Chyle  from  tho 
Receptaculm  aod  Thoracic  duct  coagulates  quickly,  often  almost  iosta(itaneouf)ly; 
and  few  or  none  of  the  corpuscles  remain  in  the  serum.  The  fluid  drawn  from 
the  Thoracic  duct,  and  from  the  Absorbent  vessels  which  empty  their  contenta 
into  it,  is  frequently  observed  to  present  a  decided  red  tinge,  which  increases  on 
exposure  to  the  air.  This  tinge  appears  to  be  due  to  the  presence  of  Red  blood- 
oorpusclea  in  an  early  etaga  of  formation  (§  108).  The  ordinary  corpuscles  more- 
over, have  a  more  distinctly  cellular  character  than  those  of  tLe  ohyle  and  lymph, 
and  they  are  of  larger  eize,  their  diameter  usually  ranging  from  about  l-2ClHJth  to 
l-2ii00th  of  an  inch  :  in  these  particulars,  they  correspond  with  the  Colourless 
corpuscles  of  the  Blood;  m  also  in  the  change  they  exhibit  on  the  action  of  acetio 
acid,  which  brings  into  view  three  or  four  large  central  particles. 

137.  The  aspect  of  the  Lt/mph  greatly  differs  from  that  of  the  Chyle,  the 
former  being  nearly  transparent,  while  the  latter  is  opaque  or  opalescent;  and 
this  difference  ia  readily  accountod-for^  when  the  aBsistaauc  of  the  raicroacope  is 
sought,  by  the  entire  absence  from  the  l^ymph  of  that '  molecular  base'  which  ia 
80  abundant  in  the  Chyie.  A  considerable  ntiiuber  of  corpuscles  are  generally 
present  in  it ;  and  the»e,  like  the  cliyle-corpuscles,  very  closely  correspond  with 
the  colourless  corpusciea  of  the  Blood  (§  164).  Their  amount,  however,  is  ex- 
tremely variable;  as  is  also  that  of  the  oil-globules,  which  Bometinres  occur, 
wLitst  in  other  instances  none  can  be  discovered.  Lymph  coagulates  like  chyle; 
a  odourless  clot  being  formed,  which  incloses  the  greater  part  of  the  corpuscles. 

1S8.  The  fiuid  drawn  from  the  Thoracic  Duct,  consisting  as  it  docs  of  an  ad- 
mixture  of  Chyle  and  Lymph,  will  probably  vary 
in  its  character  and  composition,  according  to  tha 
predominance  of  the  former,  or  of  the  latter,  of 
these  conatituenta. —  From  the  observations  made 
by  Bidder  and  Schmidt,'  on  the  quantity  of  fluid 
discharged  from  the  thoracic  ducts  of  dogs  and 
cats  immediately  after  death,  it  ia  inferred  by 
them  that  the  total  amount  of  mingled  lymph  and 
chyle  which  is  daily  poured  into  the  i;ubclavian 
vein  of  Man,  ia  no  less^  than  28  J  lbs.,  or  fully  aa 
much  as  the  entire  mass  of  the  blood,  —  its  solid 
conatituenta,  however,  being  not  more  than  from 
one-fourth  to  one-third  the  amount  contained  in 
the  blood.  Of  the  whole  quantity  thna  dis- 
charged, it  is  estimated  that  only  about  CJ  Iba. 
would  bo  Chyle  derived  from  ingested  aliment; 
the  remainder  being  Lymph,  which  bus  possed- 
out  of  the  blood-current  in  the  course  of  its  cir- 
culation, only  to  be  returned  to  it  again. 

133.  The  movement  of  the  fluids  taken-upby  the 
Absorbent  vessels,  seems  to  depend  upon  a  combi- 
nation of  different  agencies.  The  lower  Vertcbrata 
are  provided  with  *  lymphatic  hearts,'  (Fig.  43) 
or  pulsatile  cavities,  by  which  important  assistance 
is  given  in  the  onward  flow;  but  no  such  aid  is 
afforded  in  Man  or  in  the  Mammalia;  yet  it  is 
obvious  that  a  considerable  vis  a  tergo  must  exist, 
since,  if  the  thoracic  duct  be  lied,  it  is  speedily  distended  below  the  ligature, 
even  to  bursting.    The  Absorbent  vessels,  like  the  veins,  have  a  fibrooa  coat,  into 

*  "  YerdaannfB-Bafte  und  Stoffwecheel,"  JJ  224,  286. 


Lympbiitic  heart  (9  line*  long, 
4  linea  broad)  of  ■  large  tpeoici 
of  serjient,  the  Python  bivillatus, 
■fter  E.  Weber.  4.  The  external 
cellular  coat.  6.  The  thick  inn»- 
cular  coat.  Four  niuifrular  co- 
lumat  ran  across  itj  cnrity,  which 
communicatet  with  three  Ijoipha- 
tics  (1 — one  only  i«  here  «een) 
with  two  Tclni  (2,  2).  6.  Tb« 
smooth  lining  membrane  or  the 
carity.  7.  A  small  appendage,  or 
anricle,  th«  carity  of  which  is  con 
Unuous  with  that  of  the  rest  of  th^ 
organ.] 
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■which  the  muscular  fibre-cells  enter  largely,  and  which  i«  therefore  contractile; 
tind  it  lias  boon  found  by  Prof.  Kiilliker,  that  when  the  wire  of  an  electro- 
magnetic apparatus  was  applied  to  some  well-filled  lymphatics  on  the  *kin  of  i 
b'ly's  foot,  soon  after  the  renaoval  of  the  log  by  aujputation,  the  stimulus  occa- 
sioned a  diminution  in  their  diameter  by  at  least  one-half,  and  this  not  sad- 
denly,  but  in  the  course  of  between  half  a  minute  and  a  minute.'  The  same 
excellent  anatoTnlst  ban  observed  that  tbc  lymphatic  veBsela  in  the  tail  of  a  Tad- 
pole empty  themselves  by  contnu-tton  after  death,  and  then  dilate  a^ain  to  their 
former  size,  just  as  the  smaller  arteries  do  under  the  like  circumstances;*  and 
this  ftict  ia  in  accordance  with  the  emptiness  of  the  Absorbent  system,  which 
usually  presents  itself  in  Man  some  tittle  time  after  death.  Hence  it  seems 
pmbable  that  a  regular  propulsion  of  their  contents  during  life,  may  be  effected 
by  ultcrnate  contractions  and  dilatations  of  successive  portions  of  the  vessels, 
elowly  repeated  at  intcni'als.' — ^There  are,  however,  certain  auxiliary  forces.  For, 
in  the  first  place,  a  part  of  the  movement  may  be  attributed  to  the  vis  a  tergo, 
which  is  produced  by  the  continual  introductioa  of  fresh  fluid  into  the  rootlets, 
BO  to  speak,  of  the  vascular  tree  ;  and  this  more  especially  in  the  case  of  th« 
lacteala,  since  the  mmicukrity  of  the  villi  seems  to  enable  them  to  act  as  so  maoj 
minute  f  ircc-puraps,  whereby  the  fluid  which  they  have  imbibed  may  be  impelled 
onwards  (§  li!0).  It  may  he  thought  that,  from  the  extreme  distensibility  of  the 
walls  of  tho  absorbents,  this  force  would  be  rather  expended  in  dilating  tbea, 
than  in  pusliing-on  the  current  of  liquid  which  they  contain ;  but  it  must  be 
borue  in  miad  that  they  arc  fur  the  most  part  closely  surrounded  with  tissues 
which  exert  a  certain  degree  of  pressure  upon  them,  and  that  this  ia  much  greater 
during  life  than  after  death.  Further,  in  all  the  movable  parta  of  the  body,  «£- 
sistjiDco  is  doubtless  afforded  (as  it  ia  to  the  circulation  in  the  Veins,  ca.\P.  VI. 
Sect.  4}  by  the  occasional  pressure  exercised  upon  the  Absorbents  by  the  sur- 
rounding tissues  J  for  while  this  pressure  is  operating,  it  will  tend  to  empty  them 
of  their  contents,  which  are  only  permitted  by  their  valves  to  pass  in  one  direc- 
tion;  and  whea  the  pressure  is  relaxed,  they  will  be  refilled  from  bi-hind. 

140.  It  appears  obviou.%  from  what  has  been  slated,  that  we  are  to  regard  iht 
entire  Absorbent  system  as  a  groat  i>t<:)*xl-7Hakhiff  glatid,  (§  1^3),  designed  to 
exert  a  certain  pnjwer  of  conversion  or  vitalization  over  the  matters  which  enter 
it,  either  from  the  alimentary  canal,  or  from  the  body  in  general.  — In  the  oas« 
of  the  Lacteal  portion  of  the  system,  there  seems  to  be  a  strong  indication,  that 
one  part  of  the  converting  process  consists  in  the  intimate  admixture  which  tb# 
albuminous  constituent  of  the  chyle  undergoes  with  its  fatty  constituent,  owing 
to  the  subdivision  of  the  latter,  and  its  diffusion  through  an  albuminous  fluid. 
And  the  effects  of  this  admixture  are  peculiarly  shown  by  the  tenacity  with 
flfhich  fat  is  incorporated  with  albumen  and  fibrin,  so  that  it  is  difficult  to  sepa- 
rate them ;  this  incorporation,  it  seems  probable,  having  a  peculiar  reference  to 
the  very  first  process  of  cytogenesis,  in  which  molecules  of  fatty  matter  seem 
always  to  be  present,  in  close  collocation  with  albuminous  particles  (See  Princ. 
OF  Ges.  Puts.).  As  already  pointed  out,  the  *  plasticity'  of  the  different  albu- 
minous cnnipounds  holds  such  a  direct  relation  to  the  quantity  of  fat  they  con- 
tain (within  certain  limits),  that  we  can  scarcely  help  looking  at  this  incorpora- 
tion as  one  of  the  moat  important  parts  of  the  assimilating  process.     And  thu 

'  "  KoUiker  and  Siebold's  Zeitijchrifl,"  1849. 

*  "  Aanalcs  des  Soienoea  Naturelles,"  2ii^tiie  S^r.,  Zool.,  torn.  vi.  p.  09. 

'  A  regular  rlijthmicnl  naovGmeat  oT  the  reins  of  the  Bat's  viiag,  obviously  sa.^tnined  by 
their  iadependent  contrtictttity,  has  beea  observed  by  Mr.  Whartoa  Jones  ("  Philosophical 
Tmnsactjans,"  1852,  p.  lljl).  The  eiistenco  of  such  a  movement  in  the  Veins  of  a  part, 
as  an  auiiliarj'  propulsive  force,  obviously  Etren^tliena  the  probability  of  its  occurrence 
in  the  Lympbutios,  ns  the  principal  propelling  power,  where  no  central  impulsiTe  organ 
exists  ;  just  aa  a  like  movement  in  seen  in  the  blood-reueU  of  such  of  the  lower  Inrene- 
bruta  aa  have  no  heart. 
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it  seems  to  be,  that  the  presence  of  fatty  matters  in  the  food  is  ci<senlial  to 
healthy  natrition  (§  67,  lit.) ;  for  no  produotioa  of  fat  by  the  agency  of  the 
liver,  can  hrinp  the  raw  albumen  into  the  same  intimate  relationship  with  the 
minutely-divided  fatty  molecules.  What  other  changes  the  fluid  of  the  Lacfcala 
may  undergo,  in  addition  to  the  production  of  fibrin  and  of  corpuscles,  which 
has  been  already  noticed,  and  what  is  the  special  purpose  of  the  elaboration  to 
which  the  fluid  of  the  Lymphatics  is  subjected,  cannot  as  yet  bo  di.stinctly 
stated.  Probably,  however,  the  changes  in  fjuestion  are  less  of  a  chemical  than 
of  a  vital  nature,  and  are  such  as  serve  to  prepare  the  fluid  for  maintaining 
the  vital  activity  of  the  several  parts  of  the  orjjanism  to  which  it  is  to  be  dis- 
tributed. 

141.  Vascplar  or  Ductless  Glands.  —  There  is  reason  to  believe  that  a 
similar  office  is  performed  by  certain  bodies  connected  with  the  Sanguiferous 
rysteio,  which  possess  the  essential  elements  of  the  Glandular  structure,  witbont 
any  efferent  ducts;  these  must  restore  to  the  circulating  current  any  substances 
which  they  may  withdraw  from  it;  and  there  seems  adequate  ground,  therefore, 
for  the  conclusion,  that  their  action,  whatever  it  may  be,  is  subsidiary  to  the 
completiou  of  the  process  of  Sanguification,  —  being  exercised,  perhaps,  upon 
that  portion  of  the  nutrient  materials  more  especially,  which  did  not  trpverse 
the  Absorbent  system  when  first  introduced,  but  which  wa.s  directly  tuken-up  by 
Ui«  Blood-vessels.  The  organs  in  question  are  the  Spleen,  and  the  Thymus, 
Thyroid,  and  Supra-renal  bodies.  Of  these,  the  Spleen  deserves  especial  notice, 
on  account  of  its  size  and  its  obvious  functional  importance  in  the  adult;  the 
others  appearing  to  minister  more  particularly  to  the  requirements  of  the  system 
at  the  earlier  periods  of  life. 

142.  The  minute  structure  of  the  Sph'en  has  recently  been  made  the  subject 
of  careful  research  by  many  excellent  .Microscopic  observers  :  more  especially  by 
Prof,  Kolliker,'  Dr.  Sanders,'  Mr.  Wharton  Jones/  Mr.  Iluiley,*  and  Mr.  Gray;* 
and,  for  the  lower  Vertebrata  in  particular,  by  Remak,*  and  Leydig.'  The  fol- 
lowing are  the  most  importaat  points  which  may  be  considered  to  have  been 
Mtablished  by  their  labours. 

I.  The  fibroiu  coat  in  JIan  is  composed  of  white  fibrous  tissue,  with  an  inter- 
mixture of  yellow  or  elastic  fibres;  in  many  of  the  lower  animals,  however,  it 
contains  non-striated  muscular  fibres,  composed  of  fusiform  fibre-cells.  The  trO' 
Irfcular  tittue  consists  of  bands  and  threads  of  fibrous  tissue,  which  arise  from 
the  inner  surface  of  the  fibrous  envelope,  and  form  a  network  that  extends  through 
the  entire  organ,  becoming  connected  also  with  the  fibrous  sheaths  of  the  vessels 
which  penetrate  it.  These  bands  are  partly  muscular  in  the  animals  which  have 
muscular  fibres  in  the  external  envelope  ;  but  elsewhere  they  are  simply  fibrous. 
l*be  spaces  left  by  their  intersection,  which  are  by  no  means  regular  as  to  eit-ber 
fjrm  or  size,  are  occupied  by  the  splenic  corpuscles  and  splenic  parenchyma, 

II.  Of  the  Artcrici  of  the  Spleen,  it  is  chiefly  to  be  observed  that  their  branches 
form  DO  anastomoses,  but  subdivide  and  ramify  like  the  branches  of  a  tree,  with 
the  3Ialpighian  corpuscles  attached  to  them  as  fruit  (Fig.  44).     Beyond  their 

*  ••  Cyclopaedia  of  Anatomy  and  Physiology,"  Tol.  iv..  Art.  '  Spleen ;'  and  "  MiltroB- 
Icopiscbe  ADfttomie,"  band  11.  {{  183-189. 

*  **0oodsir'8  Annals  of  Anatomy  and  Physiology,"  No.  1 ;  and  "Edinb.  Monthly  Joar- 
B«I,"  March,  1852.  p.  286. 

*  "Brit  and  For,  Med.-Chir.  Review,"  vol.  xi.  p.  82. 

•"Quarterly  Journal  of  Microscopical  Science,"  vol.  ii.  p.  74;  and  Translation  ot 
KoUiker's  **  Manual  of  Human  lliatology"  (Sydenham  Society),  vol.  ii.  p.  144. 

*  "  The  Structure  nnd  Use  of  the  Spleen"  (Aatley-Cooper-Priie  Essay,  1854), 

*  *  Ueber  ruod«  Blut-gerinnsel  und  iiber  Pigment-ktigelboUige  Zellen,'  in  *■  Miiller't 
Artbir,"  1862. 

'  "  Aaatomiiiclie-nijtologische  TTatersnchuDgen  ilb«r  Fiachfi  and  Reptilien."  18dS. 
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fin  neb  of  Spffnie  Artery,  the  rainificatzo'DB  of 
wbkh  ore  atudded  vnth  ilalpi^hian  eorpuieiut. 


nil' 


ooonectioD  with  these,  however,  they  enter  the  general  mass  of  the  splenic 

chyina;  and  here  each  twig  aub divides 
Fio>  *^  into   a   tuft  of  arterioles    still  more 

minnte,  which  again  subtiivide  into 
the  true  capJUariee. — The  CapiUaria^ 
bounded  only  by  their  very  thin  walls, 
//'/.^  pass  in  every  direction   through  the 

Rpleen-pulp,  both  in  the  general  maa 
of  the  organ,  and  also  in  the  interior 
of  the  Malpighian  corpuscles.  But 
it  is  affiritied  by  Mr.  Gray,  that  m 
the  Spleen  of  Man  and  of  many  other 
animals,  the  walls  of  the  oapillariea 
frequently  disappear,  and  that  th« 
blood,  in  pa.ssing  from  the  minutest 
arteries  to  the  minutest  veins,  moycs 
in  great  part  through  lacutta,  or 
mere  channels  in  the  pulp-tissue. — 
Of  the  Vrina,  the  idea  has  been  eene- 
rally  entertained,  that  they  are  dilated 
into  caTeroous  spaces  or  sinuses ;  but 
this,  though  true  of  many  of  the 
lower  Mammalia,  eapecially  of  rumi' 
nants  and  diving  animals,  is  the  c; 
to  only  a  very  limited  extent  in  M 
Tbeir  mode  of  ramification  close!' 
resembles  that  of  the  arteries;  aad  they  are  unprovided  with  valves. 

III.  The  Parenchyma  of  the  Spleen  essentially  consists  of  a  homogeneous 
mass  of  colourless  nuclear  corpuscles  and  cells  in  various  stages  of  evolution,  im- 
bedded in  a  granular  plasma;  thus  corresponding  in  every  essential  particu' 
with  the  contents  of  the  Pcyerian  and  Absorbent  glandulae  (§  133),  and  givi 
evidence,  as  they  do,  of  beiog  in  a  state  of  rapid  developmental  change.  The 
amount  of  this  colourless  parenchyma  ia  stated  by  Mr.  Gray  to  undergo  a  marked 
increase  towards  the  end  of  tbc  digestive  process,  when  a  large  quantity  of  nej 
alimentary  material  ia  being  introduced  into  the  sanguiferous  current;  whilst, 
the  intervals  of  this  operation,  it  undergoes  a  gradual  dimiautioo. — The  peculiar 
Splenic  CnrimtrleSf  or  '  Malpighian  bodies  of  the  Spleen,'  are  whitish  spherical 
bodies,  which  are  connected  with  the  smaller  arteries  by  short  peduncles,  like 
grapes  with  their  fruit-stalks,  or  are  sessile  upon  their  sheaths  (Fig.  44),  Their 
diameter  usually  varies  between  l-3rd  and  l-6th  of  a  line;  smaller  bodies,  how- 
ever, are  met-with,  wbich  appear  to  be  Malpighian  corpuscles  in  an  earlier  stage 
of  evolution.  The  boundary  of  each  is  an  indistinctly-fibrous  membrane,  which 
appears  to  be  partly  formed  by  the  metamorphosis  of  the  external  cells  of  its 
contained  parenchyma,  and  to  be  partly  derived  firom  the  fibrous  coat  of  the  ar- 
tery to  which  it  ia  attached.'  And  its  contents  correspond,  in  every  essential 
particular,  with  the  colourless  parenchyma  in  which  they  are  imbedded.  Their 
walls  are  covered  with  a  plexus  of  capillaries,  and  branches  from  these  traverse 
their  interior,  just  as  in  the  case  of  the  Peyerian  and  Absorbent  glanduljB.  The 
number  and  size  of  the  Malpighian  corpuscles  bear  &  remarkable  relation  to  the 
general  state  of  nutrition;  being  much  the  greatest  in  healthy,  well-fed  animals, 
whilst  in  those  that  have  been  ill-fed  they  diminish  extremely,  and  in  those  that 
have  been  starved  tbey  disappear  altogether.  Hence  it  has  happened  that  their 
existence  in  the  Iloman  species  has  been  denied ;  the  opportunity  of  examining 

'  It  btia  been  coinnifinly  supposed  that  the  Malpigbmn  corpaecles  are  invested  by  a  'iis- 
tinct  limitary  iiipnihrftiie,  likf  the  acini  of  ordinury  Glands;  but  aurh,  from  the  obserTaliooi 
^r  Whnrton  Jones  and  Huxlej,  would  clearlj  geeni  to  be  sot  the  case. 
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Bttbjecta  not  reduced  by  previoug  abstinence,  being  one  that  comparatively  seldom 
occurs.  There  is  do  doubt,  however,  of  tbclr  nonnal  presence  in  the  spleen  of 
Man,  afl  in  that  of  other  Mamraalia. — Diffused  amidst  the  colourless  parenchyma, 
but  in  very  variable  amount,  coloured  colls  are  found,  some  of  which  are  un- 
changed blood-corpuscles,  whilst  others  appear  to  he  bSood-discs  in  various  stages 
of  retrograde  metamorphosis;  gradually  diminishing  in  size,  and  assuming  a 
golden-yellow,  brownish-red,  or  even  blackish  colour,  or  having  the  pi^rmentary 
matter  crystallized  in  a  rod-Hke  form  in  their  interior  (Fig.  ')•,  or,  ag-jju,  break- 
ing-up  into  detached  pigraent-graoulea.  Occasionally  (though  verj'  rarely  in  the 
Human  subject)  little  clujitera  of  these  degenerating  blood-corpuscles  are  found, 
included  in  a  vesicular  envelope.  All  these  bodies  are  seen  in  the  blood  of  the 
Splenic  vein ;  and  it  has  been  hence  concluded  by  some,  that  they  do  not  consti- 
tute normal  elements  of  the  Splenic  parenchyma,  but  that  they  are  either  con- 
tained in  its  capillaries,  or,  if  actually  di£Fused  through  the  pulp,  are  bo  as  a 
result  of  an  abnormal  extravasation.  These  conflicting  views  may  be  reconciled, 
if,  as  stated  by  Mr.  Gray,  the  splenic  blood,  in  its  passage  from  the  arteries  to  the 
velna,  oormally  escapes  from  the  walled  vessels  into  indefiuite  channels,  so  that 
its  corpuscles  may  become  diffused  through  the  parenchyma  without  any  departure 
from  its  regular  course ;  and  it  is  a  confirmation  of  this  view,  that  the  amount 
of  coloured  corpuscles  in  the  spleen-pulp  augments  with  the  general  turgescence 
of  the  vascular  system,  and  diminishes  with  tbe  poverty  of  the  blood,  so  that;  io 
animals  reduced  by  ill-feeding,  it  disappears  altogether.' 

IV.  The  Lifrnphatict  of  the  Spleen  are  few  and  inconsidomble  in  Man ;  being 
less  numerous  than  in  other  glandular  orgons,  such  as  the  liver  and  kidneys.  In 
some  of  tho  lower  animals,  they  are  more  abundant;  but  even  hero  they  are 
mostly  superficial,  and  scarcely  penetrate  to  the  interior  of  the  organ. 

V.  The  Nerves  of  the  Spleen  are  apparently  very  large  in  some  animals,  espe- 
cially in  the  EumiDantfi ;  but  the  great  size  of  their  trunks  and  branches  is  chieflj 
due  to  the  large  proportion  of  ordinary  fibrous  tissue  which  enters  them ;  the 
number  of  real  nerre-libres  being  eitrcmely  small.* 

143.  The  history  of  the  development  of  the  Spleen,  which  baa  been  recently 
studied  with  much  care  by  Mr.  Gray,'  presents  facta  of  great  interest,  as  aiding 
in  the  determination  of  the  fuuctional  character  of  this  organ,  and  of  the  nature 

'  Tliat  the  coloaTCcJ  portion  of  tlie  epleen-pnlp  conaista  entirely  of  red  lilooii-corpasclea 
in  various  Hageis  of  degeaeration,  is  a  doctrine  first  advanced  by  Kolliker,  and  ctinfirtned 
more  especiAlly  by  Gray.  On  (he  otlier  hand,  it  ia  mnintniDed  by  Rcmak  tbat  the  coloured 
eorpuBclen  are  true  pigment-cells,  having  do  relation  to  blood-dt.^cs,  but  altogether  «ui 
gmeria.  The  cxteoded  enquiries  of  Mr.  Gray,  who  has  traced  the  metamorphic  process  in 
a  great  variety  of  aniinal»^  eeem  to  tbe  Author  to  leave  little  doubt  of  the  oorrectnesa  of 
the  former  view,  though  proper  ptginent-celU  may  alao  exist :  and  it  is  an  interesting  coa- 
firmatioD  of  Mr.  G.'b  account  of  the  mode  of  derivatiou  of  tbe  coloured  elements  from  the 
blood  circalnting  through  the  epleen-pulp,  that  m  thoae  animala  id  which  be  finds  the  capil- 
lary aetwork  in  tbe  substance  of  Uie  spleen  to  be  cloud  throughout,  there  are  no  coiourtd 
corpusda  in  the  parenchyma. 

•  A  comprehensire  view  of  the  es^entinl  nature  of  tho  Spleen,  based  upon  the  Torietiea 
of  structure  which  it  presents  in  difTorent  ftniraal?,  shows  that,  aa  Remak  urj^ca,  we  should 
regard  it  aa  formed  of  two  principal  constiltienta ;  the  first  being  its  parenchymatous  sub- 
stance, composed  of  a  granular  blastema  containing  nuclei  and  ceUs  in  Yarioua  stages  oi 
development;  whilst  the  second  is  a  superadded  fabric  of  blood- resselB,  nerves,  lymphatics, 
and  fibrous  (elastic  or  non-elastic)  tissue.  The  manner,  however,  in  which  the  latter  are 
Arrnnired  in  and  about  the  parenchyma,  ia  in  a  manner  accidental ;  and  varies  considerably 
in  different  animals.  The  parcncbymntous  substance  may  be  intereapillary,  as  in  the  ordi- 
nary spleen-pulp;  or  it  may  be  specially  limited  to  the  mfdullartf  portion  of  the  organ,  aa 
in  certotin  Amphibia  ;  it  may  be  voffinat,  that  ia,  dispersed  through  tho  coats  of  the  arteries, 
aa  in  some  Fishes  ^  or  it  may  be  eruytud,  as  in  tbe  moat  oharactenatic  forms  of  Malpighiau 
oorpusclea,  which  are  still  to  be  regarded,  however,  as  offaota  from  the  walls  of  the  blood- 
vessels. 

*  "On  tbe  Development  of  the  Ductless  Glanda  in  the  CUick,"  ia  "PhiloBopbioal  Trana* 
actions,"  1852,  p.  2%;  see  alao  hie  Prite  Essay. 
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of  its  component  parts. — It  arises  in  the  Chick  between  the  4th  and  5th  day^  of 

iticixbaiiun,  in  the  fold  of  membrane  wliich  connects  the  intefitinal  canal  to  the 
Bptne  (the  '  inteednal  lamina'),  as  a  small  whitish  mass  of  blastema,  perfectly 
di.'itinct  from  both  the  stomach  and  the  patiereas ;  from  the  former  of  which  it  hu 
been  said  by  Bischoff,  and  from  the  latter  by  Arnold,  to  take  its  origio.  The 
extcrnnl  capsule  aud  the  trabecular  tissues  arc  developed  between  the  8th  and  9th 
days  :  the  former  as  a  thin  membrane  composed  of  nucleated  fibres  ;  the  latter 
consisting  of  siiuibr  fibres,  which  intersect  the  organ  at  first  epnringly,  and  after- 
wards in  greater  quantity.  The  blood-vessels  of  this  organ  are  formed  within 
itself,  iiiiJupendenlly  of  those  which  are  exterior  to  it;  and  bktod-corpuscles  arc 
alao  (fbserred  to  originate  in  the  substance  of  ii»  blastema,  their  formation  continu- 
ing until  ita  connection  with  the  general  vasculnr  system  is  completed,  at  whicb 
period  their  development  appears  to  cea.se. — The  pulp-tissue,  at  an  early  period  of 
ii8  formation,  closely  corresponds  with  that  of  the  BuptB-reoal  and  thyroid  bodies 
in  their  earliest  stages  of  evolution;  consisting  of  nuclei,  nucleated  vesicles,  and  a 
fine  granular  plasma.  When  the  eplenio  vessels  are  being  formed,  many  of  those 
riiUL'lei  are  surrounded  by  a  quantity  of  fine  dark  prranules,  arranged  in  a  circoUr 
mode;  aud  these  appear  to  be  developed  into  nucleated  vesicles,  of  which,  when 
the  splenic  vein  Is  tbrmed,  nearly  the  whole  pulp  is  composed ;  the  nuclei  of 
these  subsequently  break-up  into  a  mass  of  grnnules,  which  till  the  cavities  of  the 
vesicles.  The  Malpighiau  corpuscles  are  developed  in  the  pulp,  at  the  angles  of 
division  of  the  suiatler  blood-vessels,  by  the  aggregation  of  nuclei  into  circular 
tnat'ses,  around  which  a  fine  membrane  is  subsequently  formed. — Thus  daring 
footai  life  we  have  evidence  of  a  process  of  cell-growth  and  mutumtion,  followed 
by  cell-destruction,  in  the  colourless  parenchyma.  There  is  no  evidence  of  the 
/ornifitiun  of  blood-discs  in  this  organ,  after  ita  oonnection  with  the  general 
vascular  system  has  been  effected;  nor  is  there  any  appearance  of  the  difiutfgra- 
tiun  of  bkfod-discs  during  f<Ktal  life.  The  largest  proportional  siie  aud  the  greatest 
functional  activity  of  the  Spleen,  however,  seem  to  be  exhibited  during  adolesoence 
and  the  most  vigorous  period  of  adult  life. 

144:.  The  Siipnt-Iifnal  bodies  in  Man  and  most  Mammelia,  present,  like  the 
Kidneys,  a  division  intn  cortical  and  medullary  substances;  the  former  havings 
[lighter  hue  than  the  latter. — The  cortical  substance  is  principally  formed  of  a 
ilrouia  of  connective  tissue,  so  arraagcd  as  to  leave  a  series  of  oval  spaces,  lying 
end  to  end  ;'  which  spaces  are  filled  with  a  finely -granular  plasma,  containing  i 
large  amount  of  fat  particles,  with  nuclear  corpusdcs,  and  more  or  less  completely 
formed  cells.  Isolated  cells  of  a  larger  size  are  found  in  the  stroma  of  the  inner 
part  of  the  cortex,  in  which  the  linearly-arranged  spaces  do  not  exist. — The 
mt'diilhirj/  substance  c<iusi."its  of  a  basis  of  fibrous  tissue,  which  is  formed  by  pro- 
cesses that  CO  me -off  from  the  sheath  of  the  cortical  substance,  and  which  contains 
numerous  blood-vessels  and  nerves.  The  interspaces  of  this  tissue,  however,  are 
occupied  by  a  granular  plasma,  in  which  are  nuclei  and  cells  in  various  stages  of 
development  j  and  the  recent  observations  of  Kolliker  upon  the  nature  of  these 
leells,  which  are  confirmed  by  the  researches  of  Leydig  ^Op.  cit.)  upon  the  oor- 
reaponding  organs  in  the  Aujphibia,  seem  to  indicate  that  tney  are  really  ^anf^/ionic 
in  their  character.  It  has  been  previously  remarked  that  the  Medullary  substance 
receives  a  peculiarly  large  supply  of  nerves  from  the  Sympathetic  system  ;  and  it 
thus  appears  as  if  this  portion  of  the  organ  is  hut  little  or  not  at  all  related  in 
futictiuu  to  that  which  invests  it,  but  is  really  a  peculiar  Sympathetic  ganglion.* 
Both  the  cortical  aud  the  medullary  substances  receive  a  large  supply  of  blood, 

'  This  ii  the  account  given  bj  Kolliker  ("  Mikroskopifcbe  Anatomie,"  §  220),  who  cod. 
fidentljr  Blatca  tbnt  the  spaces  are  not  bounded  b^  a  proper  lirnitar;  membra.De,  and  are 
tbiirefure  hoc  gland-veaiclea  aa  aupposed  by  Ecker  and  Frej,  who»e  views  of  their  niilare 
will  be  foUDit  iiu  tbe  Art.  '8upru-KcDiil  Capsules*  in  Ibe  '>  Cjclop.  of  AaaL  and  FbjsioL," 
ToL  i«. 

*  A  carioua  observation,  strikingly  confirmatory  of  thiB  view  of  the  peculiar  relatioo  of 
Ihe  Medullarj  siibttance  of  the  Nerrous  System,  ha»  been  recently  made  by  M.  Brown- 
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which  13  distributed   thmufrh  a  rninutelj-diTidod  capillary  plexus;    ita  mcshca 
being  elongated  in  the  former,  and  mure  rounded  in  the  latter. 

145.  The  devehprti^nt  of  the  Supra-Renal  bodies  also  has  been  stucJied  by  Mr. 
Gray  (loc.  cit).  He  stntea  that  they  arise  on  the  7th  day  of  incubntinn,  as  two 
separate  raaasea  of  blastema,  situated  between  the  upper  end  of  the  Wolffian 
bodies  and  the  sides  of  the  aorta;  being  totally  independent  (as  concerns  their 
development)  of  those  bodies  and  of  each  other.  At  this  period,  their  minute 
structure  bears  a  close  resemblance  to  that  of  the  spleen,  consistinj^  of  the  same 
elements  as  that  gland,  excepting  in  the  existence  of  more  numerous  dark  granules, 
which  pive  to  the  organ  at  a  later  period  an  opake  and  darkly-granular  texture  j 
and  the  general  history  follows  a  very  similar  course;  the  Supra-renal  cap-siulcs, 
however,  acquiring  their  characteristic  structure,  and  attaining  their  largest  rela- 
tive size,  80  early  in  fostal  life,  as  to  aurpass  the  Kidneys  in  dimension  up  to  the 
tenth  or  twelfth  week  of  Huraaa  embryonic  development;  though  they  after- 
wards diminish  so  much,  relatively  to  the  Kidneys,  as  to  poaeesa  in  the  adult 
condition  only  l-28th  part  of  their  bulk. 

146.  The  general  strucluro  of  the  Tftymns  Gland  may  be  best  understood 
from  the  pimple  form  it  presents,  when  it  is  first  capable  of  being  distinguifdiod 
ID  the  embryo.  It  then  consists  of  a  single  tube,  cluBcd  at  ho(h  ends,  and  filled 
with  granular  matter;    and  its  subse* 


quent  development  consists  in  the  lat- 
eral growth  of  branching  off-.ihota  from 
this  central  tubular  axis.  In  ita  mature 
state,  therefore,  it  consists  of  an  assem- 
blage of  hollow  glandular  lobules  united 
together  by  connective  tissue  (Fig.  45)  ; 
and  their  cavities  all  communicate  with 
the  central  reservoir,  from  which,  how- 
ever, there  is  no  outlet  (Figs.  46,  47). 
Each  lobule  is  bounded  externally  by  an 
indistinctly -fibrous  or  almost  homogene- 
ous membrane  (Fig.  48,  a),  wbicb 
sends  prolongations  (A)  into  its  sub- 
stance, that  divide  it  into  'acini'  or 
gland-granules.  Isolated  gland-gran- 
ules of  the  same  kind  are  frequently  to 
be  met-with  on  the  main  canal  (Fig. 
46,  c).  The  piirenchyma  of  each  lobule 
is  made-up  of  a  greyish-white,  soft, 
easily  lacerable  substance,  which,  when 
examined  microscopictJly,  is  found  to 
consist  of  free  nuclei  and  minute  cells; 
and  it  is  traversed  by  a  minutely-dis- 
tributed capillary  plexus ;  thus  resem 
bUng  in  every  respect,  save  the  presen  •« 
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A  paction  n{  the  Thyrnus  glRcd  nt  tlie  eTcTith 
mriiith,  shnwlfl^  ita  ftinttnioy  ;  from  a  prepArnticja 
of  Sir  A.  Cooper's;  1,  Itie  cerricnl  portiont  of  Ui« 
kIadcI  ;  tha  independence  aTtbe  two  lateral  gianda 
is  w«M  marked;  2,  recretorjrollicle*  «kd  np'in  the 
Rurface  of  the  jrctiDti ;  tfaene  Are  observeil  ic  nil 
pnrta  ortbe  tretion;  S,  3,  the  por«ii  or  opening:*  "t 
the  «iH^rotoi7  follidei  and  poncbH  j  th«7  are  «cen 
<••  veriog  the  wbole  inKMral  gurfnce  of  the  RTent 
entral  carlty  or  roeerroiT.  The  continuity  of  iho 
reservoir  in  the  lower  or  thoracic  portion  of  the 
gland  with  tlie  oervScal  portion  is  leen  in  the  figarr.| 


of  a  central  cavity,  that  of  the  Pejenan 
bodies  (§  133).'  Cells  and  nuclei  resembling  those  of  the  parenchyma  are  also 
fjund  in  the  cavity  of  the  lobule;  from  whirh  indeed  the  parenchyma  is  not  sepa- 
rated by  any  distinct  limitary  membrane.  Their  chemical  composition  corresponds 
with  that  of  the  ordinary  protein-compounds. — The  Vascular  supply  of  this  organ, 
dunng  the  poriotl  of  its  functional  activity,  is  extremely  abundant.     The  arterial 

F^qunrd ;  vix.,  that  iajtiriea  to  the  Spinal  Cord  in  th«  dorsal  region,  proiluce  eongwtioq 
and  (after  a  tinie)  hvpertrophj  of  the  Supra-Renal  capsulea  ("Gazette  Mridioolo,"  Febr.  ), 
3852. 

■  See  Prof.  Kolliker'e  "  Mikroskopische  Anatoroie,"  ^  208,  from  which  the  abore  accoimt 
ia  chiefljr  derived;  lUao  Mr.  Simon's  " Phjaiological  £ssay  oo  the  Thj'mua  Qland." 
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tranka  penetrate  to  its  central  cavity,  and  form  a  close  reticulation  io  the  delicate 
peilicule  of  connective  tissue  with  which  it  is  liDcd ;  from  the  serenil  points  at 
which  the  lobular  cavities  open,  numerous  veaacls  arise  from  this  plexus  (Fig  48). 
p>l9^ing  along  tbeir  internal  surface;  and  from  the&e  is  derived  tbe  capillary  plexus 
which  trs.ver.se8  the  substance  of  each  gland -granule,  but  which  does  not  pass  as 
far  as  its  external  surface,  returning  by  loops  before  it  reaches  its  fibrous  envelope. 
The  Lymphatics  of  the  Thymus  are  large,  and  communicate  directly  with  tbe 
Vena  Cava;  but  their  immediate  connection  with  the  cavity  of  tbe  Tbymns  bodj 
has  not  been  demonstrated.  It  has  been  commonly  stated,  that  the  Thymus 
attains  its  greatest  development,  in  relation,  to  the  rest  of  the  body,  daring  the 
latter  part  of  fcetal  life;  and  it  baa  been  considered  as  an  organ  peculiarly  con- 
nected with  the  cmbryonia  eoudltioa.  But  this  is  &  mistake ;  for  tne  greatoit 
actinty  in  the  growth  of  this  organ  manifests  itself,  in  the  Iluman  infant,  soon 
after  birth ;  and  it  is  then,  too,  that  its  funotional  energy  seems  the  highest 
This  rapid  state  of  growth^,  however  soon  subsides  into  one  of  less  activity^  whiob 


Fio.  «0. 
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Portion  of  nymvi  of  Calf,  an- 
foldfld ;  a,  main  cand  ;  bf  i^laodalar 
lobulei ;  e,  laalnted  glan^-gnumles 
sektod  on  thn  mmin  canal. 


Section  of  .ffw man  Tfigmuiygho^ng 
the  Inrge  CDTity  in  the  wide  portion 
and  nntneroug  orifices  lo&ding  to  iU 
lobaloT  cavtlicB. 


merely  scTves  to  keep-up  its  proportion  to  the  rest  of  the  body ;  and  its  increase 
usually  ceases  altogether  at  the  age  of  about  two  years.  From  that  time,  during 
a  variable  number  of  years  it  remains  stationary  in  point  of  size  ;  but,  if  the  indi- 
vidual be  adequately  nourished,  it  gradually  assumes  the  character  of  a  mass  of 
fet,  by  the  development  of  the  corpuscles  of  its  interior  into  fat-cells,  which 
secrete  adipose  matter  for  the  blood.  This  change  in  its  function  is  most  remark- 
able in  hjbernating  Mammals }  in  which  the  development  of  the  organ  continues, 
even  in  an  increasing  ratio,  until  the  animal  reaches  adult  age,  when  it  includes  a 
large  quantity  of  fatty  matter.  The  same  is  the  case,  generally  speaking,  among 
Bep  tiles. 
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147.  The  Thyroid  body  diflcre  from  the  other  Vascular  Glands  In  its  eletnen- 
lary  etnicture;  for  it  esscntiully  consists  of  an  aggregation  of  closed  vesicles 
(Fig.  49,  by  b)y  which  seem  to  be  furnished  with  a  true  limitary  membrane,  and 
therefore  to  be  real  gland- vesicles,  imbedded  in  a  stroma  (a,  o)  of  connective  tissue, 
and  not  communicating  with  any  common  reservoir.  These  bodies  vary  in  diameter, 
in  tlie  Human  sabject.  from  l-'2000tb  to  l-85th  of  an  inch;  and  they  contain  an 
albuminoid  plasma,'  which  is  either  faintly  granular,  or  of  a  somewhat  oily  aspect, 


r».M. 
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TrmiifrerM  Motion  through  an  injei^t^ 
loialr  of  the  TAymiu  in  a  child ; — a,  mctn- 
braaocu  InrMtment  of  th«  lobule  ;  h,  m«tn- 
br»n«  of  iha  gl&nd-granulei ;  r,  envity  of 
the  lohol«,  from  which  the  larger  veaBoU 
traDch-oflt. 


Group  of  Inland  reticles  firom  the  Thyroid  Gland 
of  a  child;  a,  connective  titine;  h,  membrane  of 
the  VMioloi ;  e,  epithelial  oeili. 
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amidst  which  are  seen  a  nombar  of  corpuscles,  the  greater  part  of  them  in  the 
condition  of  nuclei,  whilst  soiue  have  advanced  to  that  of  cells.  Those  corpuscles, 
however,  seem  Ather  to  occupy  the  position  of  an  epithelium  (r,  c)  within  the 
Tnicles,  than  to  float  freely  in  their  contained  fluid. — The  vascular  supply  of  the 
Thyroid  body  is  extremely  abunduDt ;  and,  as  in  preceding  instances,  the  sub- 
divisions of  it«  arteries  form  a  very  minute  capillary  pleius  upon  the  membrano 
of  the  vesicles.  No  Lymphatics  have  been  traced  far  into  its  substance. — The 
development  of  the  Thyroid  body  has  been  shown  by  Mr.  Gray  (loo.  cit.)  to  be 
cloaely  accordant  with  that  of  the  '  ductless  glands'  already  described.  This  body 
originates  ia  two  separated  masses  of  blastema,  one  at  each  side  of  the  root  of  the 
neck,  close  to  the  separation  of  the  carotid  and  subclavian  vessels,  and  between 
The  trachea  and  the  branchial  clefts,  but  quite  independent,  as  far  as  regards  their 
development,  of  either  of  those  parts;  their  mioute  structure  at  an  early  period 
closely  corresponds  with  that  of  the  spleen  and  supra-renal  glands.  This  body, 
like  the  Supra-renal  and  Thymus,  ia  of  larger  relative  magnitude  during  intra 
uterine  existence  and  infancy,  than  in  after-life. 
148.  That  the  Ductless  or  Vascular  Glands/  of  whose  peculiar  structure  and 
*  That  the  flaid  doea  not  contain  true  Albumen  in  solution,  but  some  albuzninonB  com- 
poaada,  U  indicated  by  the  results  of  Dr.  Beale's  ana];5U("  Cyclop,  of  Anat.  and  I'hjsiol.," 
ToLh.  p.  1106). 

'  Aeoording  to  Bcker,  (Art  '  Dlutgefassdmsen'  in  "  Wngner'a  llAndworterbuch,"  band 
It.),  tha  Pituitary  body  has  the  tame  eseeutial  Btructure  as  the  TDSCular  glands  in  geDcral; 
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relations  wc  have  thus  taken  a  general  survej,  have  some  office  of  iinportAnoe  to 
fierfurm  io  the  preparation  and  maintenance  of  the  Blood,  cannot  any  longer  be 
reaionably  questiemcd ;  and  the  determination  of  this  point  may  bo  fairly  re- 
garded as  a  considerable  step  in  the  investigation.     It  is  obvious,  from  the  very 
copious  supply  of  blood  which  they  receive  durinc  the  period  of  their  functiotiol 
vigour,  and  from  the  manner  iu  which  this  is  distributed  by  minute  capillary 
plexuses,  on  the  exterior,  and  even  througb  the  interior,  of  the  glandular  vesicles, 
ttiat  it  must  be  subservient  to  some  process  of  active  change;  and  the  aspect  of 
the  contents  of  these  vesicles,  as  well  as  of  the  substance  in  which  they  are  im> 
bedded,  indicates  that  cell-gruwth  is  rapidly  proceeding,  at  the  expense  of  the 
materials  thus  afforded.     Buf,  on  the  other  hand,  that  the  products  of  this  ccll> 
growth  are  not  substances,  which,  like  those  of  the  ordinary  glands,  must  be 
separated  from  the  Blood,  either  for  {(s  purification,  or  to  serve  some  special  pur- 
]»ose  in  the  economy,  appears  from  the  fact  that  they  are  not  carried-off  by  ducts, 
but  are  received  again  into  the  current  of  the  circulation.     With  the  exceptioa 
of  the  Spleen,  all  the  ductlesa  glands  thus  discharge  their  products  at  once  into 
the  general  venous  circulation;  so  that,  after  having  passed  through  the  lungs, 
they  will  be  carried  by  the  systemic  arteries  through  the  system  at  large ;  bat 
the  splenic  vein,  it  will  be  remembered,  forms  one  of  the  roots  of  the  portal 
trunk  ;  and  its  blood  must  thus  pass  through  the  liver^  before  it  enters  the  vena 
cava.     For  this  exception,  a  reason  may  probably  be  found  in  the  peculiar  offices 
which  this  organ  seems  to  perform  (§  151). 

149.  Whatever  materials,  then,  arc  withdrawn  from  the  Blood  by  these  organs, 
are  returned  to  it  again  in  an  altered  state;  and  it  may  fairly  be  inferred  from 
thi;*  circumstance,  that  the  change  which  they  have  undergone  is  one  that  pre* 
parea  ihem  for  higher  uses  in  the  economy.  For  as  the  blood  which  has  received 
them  is  immediately  transmitted  to  the  system  (except  in  the  case  of  the  splenio 
blood),  without  having  passed  through  any  other  depurating  organ  than  the 
lungs,  it  appears  fair  to  conclude  that  the  products  which  it  has  taken-up  in  these 
organs  are  either  comlfusfwe  or  fiufritive,  i.  e.,  either  serve  to  uiaintaio  the 
functional  activity  of  the  lungs,  or  of  the  system,  or  of  the  blood  itself.  Now 
that  they  are  not  destined  to  prepare  a  pabulum  fur  rcspirationi  appears  from  the 
very  small  quantity  of  fat  which  is  found  in  their  substance,  except  when  their 
period  of  functional  activity  has  gono-by.  On  the  other  hand,  the  albuminous 
nature  of  the  plasma,  and  the  finely -granular  appearance  which  it  preseota, 
strongly  indicate  that  a  material  is  here  in  progress  of  preparation,  which  is  to 
bo  rendered  subservient  to  the  formative  operations.  Various  facts  which  have 
been  noticed  in  regard  to  the  changes  in  the  bulk  of  the  Thymus  in  young  ani- 
mals (and  particularly  its  rapid  diminution  in  over-driven  Iambs,  and  its  subse- 
quent gradual  re-distension  during  rest,  if  plentiful  nutriment  be  afforded),  lead 
to  the  conclusion  that  such  is  almost  undoubtedly  the  function  of  that  body. 
And  such  would  also  seem  to  bo  the  justifiable  inference  from  the  researches  of 
Mr.  Gray  on  the  Spleen  :  for  the  correspondence  in  the  amount  of  the  colourless 
parenchyma  of  that  organ  (and  especially  of  its  Malpighian  corpuscles)  with  the 
general  state  of  nutrition  of  the  animal,  its  regular  increase  (in  well-fed  animals) 
near  the  completion  of  the  digestive  process,  and  its  gradual  diminution  in  the 
subsequent  interval,  seem  to  indicate  that  the  Spleen,  like  the  Thymus  of  tho 
young  animal,  is  a  storehouse  of  nutritive  material,  which  may  be  drawn-upon 
nccording  to  the  rcfjuirements  of  the  systemi,  just  as  the  fat  of  the  body  is  a 
storehouse  of  combustive  substance.  And  of  tho  exertion  of  an  elaborating  or 
assimilative  action  upon  this  albuminous  matter,  during  its  withdrawal  from  the 
current  of  the  circulation  in  these  organs,  we  seem  to  have  direct  evidence,  as 
regards  the  Spleen,  in  the  large  increase  of  the  proportion  of  fibrin  contained  in 
the  blood  drawn  from  ita  veins  (§  184). 

bivriag  veeiclea  coataioiog  a  finelj- granular  blndtema,  with  nuclear  particles,  imbeddetJ  in 
«  GbrouH  aCroma. 


PUNCTION    OF    THE    VABOOLAR    GLANDS. 


167 


150.  But  further,  it  does  not  seem  at  all  unreasonable  to  suppose  that  these 
organs  may  be  concerned,  erjually  with  the  Absorbent  plands,  in  supplying  tbe 
perms  of  those  cells  which  arc  ukiajalely  to  become  Blaod-corpasclea.  Such,  it. 
is  well  known,  was  the  doctrine  of  Hewson '  in  regard  to  th«?  Spleen  and  Tbytnus 
gland  ;  and  there  are  many  facts  which  lood  it  a  considerable  probability  In 
the  firet  place,  we  have  seen  (§  142,  ii)  that  there  is  no  difficulty  whatever  in 
ihe  admission  of  such  corpuscles  into  the  smaller  veins  of  the  Spleen,  if  Mr 
Gray's  account  of  its  lacunar  circulation  be  correct;  and  that  there  is  no  physical 
impossibility  in  tbe  reception  of  particles  of  such  a  size  into  tbe  interior  of  even 
«  elofled  system  of  cfipillaries,  is  proved  by  the  very  curious  facta  already  noticed 
in  regard  to  the  passage  of  etarch-graina  into  the  mesenteric  veins  (§  125) 
Secondly,  there  is  an  unusual  proportion  of  colourless  corpuscles  in  the  blood  of 
the  splenic  vein.'  Thirdly,  the  period  of  greatest  functional  activity  of  these 
gijuida  generally,  is  during  the  state  of  early  childhood,  when  the  formative  pro- 
oeflses  are  going-on  with  extraordinary  activity;  and  there  is  at  this  time  a  larger 
proportioD  of  colourless  corpuscles  in  the  blood,  than  at  any  subsequent  period, 
at  least  in  the  healthy  state.  Further,  as  Prof.  J.  Jl.  llennett  has  pointed-out, 
that  peculiar  condition  of  the  blood,  which  consists  tn  the  multiplication  of  its 
colourless  corpuscles  (§  191),  is  almost  always  associated  with  hypertrophy  of  on© 
of  these  bodies;  and  in  one  case  of  this  kind,  in  which  the  Thyroid  was  the 
organ  affected,  its  cells  and  their  included  nuclei  were  observed  to  be  consider- 
ably smaller  than  usual,  and  the  same  peculiarity  presented  itself  in  the  colour- 
less corpuscles  of  the  blood.'  Hence  there  seems  a  strong  probability,  that 
whilst  the  plasma  of  the  blood  is  being  elaborated  by  these  bodies,  a  constant 
supply  of  new  blood-corpuscles  is  also  afforded  by  them;*  and  that  they  thus 
eff'ect  that  for  the  nutrient  materials  directly  absorbed  into  the  Sanguiferous 
system,  which  the  glanduta3  in  connection  with  the  Absorbent  system  accomplish 
for  the  substances  which  it  has  taken-up. 

151-  The  peculiar  position  of  the  Spleen,  however,  in  reference  to  tbe  Portal 
circulation,  seems  to  mark  it  out  as  having  some  special  function  of  a  supple- 
mental character.  Two  out  of  tbe  many  theories  of  its  action  which  have  been 
advanced,  deserve  particular  notice  in  connection  with  this  point.  Many  experi- 
menters have  come  to  the  conclusion,  that,  whatever  may  be  (be  other  purposes 
anawered  by  the  Spleen,  it  serves  as  a  diverticulum  to  the  Portal  circulation,  so 
as  to  relieve  its  vessels  from  undue  turgescenco,  in  virtue  of  the  readiricss  with 
which  it  is  distended  with  blood  ;  und  this  under  a  great  variety  of  circumstan- 
oes.  As  the  portal  system  is  destitute  of  valves,  the  splenic  vein  has  free  com- 
municatioD  with  the  whole  of  it;  and  thus  the  Spleen  will  serve  as  a  receptacle 
for  the  venous  blood,  when  the  secretiog  action  of  the  Liver  is  feeble,  so  that 
the  portal  circulation  receives  a  partial  check.  That  any  cause  of  obstruction  to 
the  hepatic  circulation  peculiarly  affects  the  Spleen,  has  been  proved  by  experi- 
ment; for  after  the  Vena  Port.ae  has  been  tied,  tbe  spleen  of  an  animal,  which 
previously  weighed  only  2  oz.,  has  been  found  to  weigh  a  pound  and  a  quarter, 
or  ten  times  as  much.  Further,  it  is  evident  that  turgesccnce  of  the  poriwl 
system  is  liable  to  o^^'cur,  when  the  alimentary  canal  is  distended  with  food  :  and 
this  from  two  causes, — the  pressure  on  the  intestinal  veins,  and  the  rjuantity  of 
fluid  absorbed  by  these  veins.  Hence  it  may  be  conceived,  that  tbe  Spleen,  by 
aff.irding  a  reservoir  into  which  the  superfluous  blood  may  bNB  directed,  serves  au 

*  Sea  his  Third  Scriea  of  "  EipcrimeDtal  Tnquiriei,"  Chops,  iii,  t. 
•See  Punko  in  "Henle'a  Zoitsobrift,"  1851,  p,  172,  and  Gray,  Op.  cit.,  p.  148. 

*  Thin  fact  is  the  more  Treighly,  as,  in  another  case  obaerred  by  Prof.  Bennett,  the 
oolourlesa  corpuscles  of  the  bluod  were  of  two  distinct  sizes,  tbe  smuUer  curresponding 
with  the  nuclei  of  the  larger  onei ;  and  the  lymphatic  glandt  were  found  to  be  crowded 
with  corpuaclee  also  of  two  distinct  sizes,  exactly  oorrespondiDg  with  those  of  the  blood. 
(See  "Ediob.  Monthly  Journal,"  October,  1851.) 

*  Thia  Tiftw  has  been  ably  supported  by  Prof.  J.  H.  Bennett,  in  "  Edinb.  Monthly  Joura,," 
Uarcb,  1852;   and  in  his  Treatise  on  "  LcucoeythKinia." 
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important  purpose  in  preventing  congestion  of  other  organs.     From  the  obs«r- 
vatioDS  of  Mr.  Dobson/  it  appears  that  the  Spleen  has  its  maximum  volatile  at 
the  time  when  the  process  of  chymification  is  at  an  end, —  natuelj,  about  five 
hours  af^er  food  u  taken ;  and  that  it  is  small  and  contuios  little  blood  seven 
hoars  later,  when  no  food  has  been  taken  in  the  interval.     IJonce  he  inferred 
that  thie  organ  is  the  receptacle  for  the  increased  quantity  of  blood,  which  the 
eystem  acquires  from  the  food,  and  which  cannot,  without  danger,  be  admitted 
into  the  bluod-vessels  generallj^  and  that  it  regains  ita  previous  dimensions,  after 
the  volume  of  the  ciroulating  fluid  hxia  been  reduced  by  Becretioa.     This  view  ii 
confirmed  by  the  fact  noticed  by  several  observers, — that  the  Spleen  rapidly  in- 
creases ia  bulk  after  the  ingestion  of  a  large  quantity  of  fluid,  which  is  absorbed 
rather  by  the  Veins  than  by  the  Lacteals.     It  has  been  further  stated  in  support 
of  this  theory,  that  animals  from  which  the  Spleen  has  been  removed,  are  very 
liable  to  die  of  apoplexy,  if  they  take  a  large  quantity  of  food  at  &  time ;  but 
that,  if  they  eat  moderately  and  frequently,  they  do  not  suffer  in  this  manner. 
Now  this  doctrine  derives  its  chief  support  from  exponraents  on  Ruminating  au 
other  Herbivorous  animals,  whose  food  is  very  bulky,  and  who  ingest  a 
quantity  of  it  at  a  time ;  and  it  is  in  tbem  that  the  organ  is  most  distensiblfli 
and  that  the  splenic  vein  is  best  adapted,  by  the  peculiar  disposition  of  its  coat 
for  the  reception  of  a  very  large  amount  of  blood.     The  ceUdted  structure  whic 
forms  a  large  part  of  the  spleen  in  these  tribes,  is  almost  wanting  in  Man  (§  142fl| 
II.)  j  and  the  fibrous  envelope  of  his  spleen,  with  its  trabecular  partitions,  hi 
very  little  either  of  elasticity  or  contractility.     Nevertheless,  there  is  evideafl 
that  an  extraordinary  accumulation  of  blood  may  take  place  in  this  organ,  evefl 
in  him,  from  any  cause  which  obstructs  the  passage  of  blood  through  the  liver, 
or  which  impedes  its  return  to  the  heart  (as  in  Asphyxia,  §  327),  or  which  occa- 
sions a  general  internal  venous  congestion,  such  as  occurs  in  the  cold  stage  of 
intermittent  fever.     The  peculiar  liubility  of  the  Spleen  to  be  distended  with 
blood  in  this  last  condition,  is  shown  by  its  permanent  enlargement  in  those  who 
have  been  long  the  Rubjecta  of  such  complaints. — Thus  it  appears  that  the  Spleen 
may  serve,  independently  of  its  primary  fuuctioa,  as  a  sort  of  safety-valve  to  the 
portal  circulation }  and  that  its  structure  is  most  particularly  adapted  for  such  a 
purpose  in  those  tribes  of  animals,  which,  from  their  habits  of  feeding,  may  be 
considered  most  specially  to  need  an  organization  of  this  kiud. 

152.  There  is  strong  evidence,  moreover,  that  the  Spleen  of  Man,  as  of  a 
largo  proportion  of  Vertebrated  animals,  performs  another  function  connected 
with  the  regulation  of  the  composition  of  the  Blood  j  namely,  that  it  promotes, 
under  certain  circumstances,  the  disiutegration  of  the  Bed  Corpuscles.  If  it  be 
trua  that  the  coloured  portion  of  the  pulp  consists  entirely  (aa  affirmed  by  Kolli- 
ker  and  Gray)  of  red-blood  corpuscles  in  various  stages  of  degeneration,  which 
have  escaped  from  the  channels  that  take  the  place  of  true  capillaries  (§  142, 
II.,  III.),  such  would  unquestionably  seem  to  he  a  part  of  its  duty.  And  this 
view  is  corroborated  by  the  results  of  chemical  analysis  of  the  blood  returning 
from  the  Splenio  vein,  or  drawn  fix>m  the  interior  of  the  organ  itself  (§  184). 
It  seems  to  be  only,  however,  when  a  certain  amount  of  vascular  turgescence  u 
induced  by  an  approach  to  the  state  of  plethora,  that  this  extravasation  occurs, 
and  that  the  disintegrating  operation  is  performed;  since  the  diminution  ia  the 
amount  of  red  corpuscles  in  the  emerging  blood  of  the  spleen,  m  not  only  by  far 
the  greatest  in  the  best-fed  animals,  but  dues  not  manifest  itself  at  all  in  such  as 
Lave  been  starved,  in  which  also  the  coloured  pulp  of  the  spleen  almost  diS' 
appears.* 

■      London  Medical  and  Phjaical  Journal,"  October,  1B20, 

*  See  Gray  "  On  the  Structure  and  rse  of  the  Spleen  ;"  bIbo  a  EeTiow  of  that  work  in 
the  "  Brit,  and  For.  Med.-Cbir.  Rct."  i&n.  18o5. — By  Prof.  KoUiker  it  w&b  supposed  that 
the  diaintegTRtion  of  the  blood-discs  had  reference  eepeciullj  to  tb«  preparation  of  bile- 
pigment  at  the  expeaae  of  Laiaiatia ;  but  tliis  doctrine  is  oegaU.T«d  bjr  a  variety  of  oon. 
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CDAPTER  V. 

OF   THE  BLOOD  J   ITS  PHYSICAL  CHAEACTER8,  ITS  CETEMIOAL  COMPOSITION,  AND 
ITS   VITAL   PROPEaTIES. 


1.   General  Oonnderation$ : — Quantity  of  Blood. 

153.  From  the  materials  supplied  in  the  Food,  there  i&  prepared,  hy  the 
Digestive  and  Assimilative  processes  described  in  the  preceding  Chapters,  that 
general  nutritive  liquid,  the  Bloody  which,  in  the  organism  of  Man  (as  in  that 
of  all  the  hither  Aniraala)  is  constantlj  circulating  through  its  vessels  during 
the  whole  of  life.  From  this  liquid,  each  portion  of  the  solid  tissues  has  the 
power  of  extracting,  and  appropriating  to  il«  own  use,  the  particular  componeota 
of  its  substances;  these  either  pre-existing  aa  such  in  the  blood,  or  being  capable 
of  being  readily  formed  from  it  bj  a  process  of  chenaical  transformution. 
During  its  circulation,  moreover,  the  blood  draws  into  its  current  the  effete  par- 
tides  which  are  set-free  by  the  disintegration  of  the  tissues  (probably  at  the  very 
time  when  it  gives-forth  the  coraponenta  of  the  newly-fortntng  structures),  aod 
conveys  them  to  the  varioua  organs  which  are  provided  for  their  elimination. 
Hence  the  Blood  not  only  contains  the  materials  for  the  renovation  of  the  tis- 
sues, but  also  the  products  of  their  decay  :  but  there  is  an  iiuportant  difference 
in  the  proportion  of  these  two  seta  of  componcnta  j  for  whilst  the  former  make- 
up the  principal  part  of  the  mass  of  the  fluid,  the  latter  are  only  detectable  in  it 
with  difficulty,  so  long  as  the  excretory  organs  maintain  their  normal  activity; 
and  only  make  their  presence  obvious,  when  they  accumulate  unduly,  in  conse- 
quence of  the  retardation  or  suspension  of  the  eliminating  operations.  —  But 
besides  thus  meeting  the  demand  occasioned  by  the  comtructive  operations,  and 
preventing  the  results  of  the  destructive  from  exerting  an  injurious  influenee  oa 
the  system,  the  Blood  acts  (so  to  speak)  as  the  carrier  of  Oxygen  introduced 
from  the  atmosphere,  to  the  Muscular  and  Nervous  tissues,  to  whose  peculiar 
vitid  activity  its  presence  appears  to  be  an  essential  condition,  the  same  clement 
being  also  required  in  various  other  metamorphoses  which  form  part  both  of  the 
constructive  and  destructive  operations :  whilst  conversely  it  imbibes  the  Car- 
bonic acid,  which  is  one  of  tho  chief  products  of  the  action  of  oxygen  upon  the 
tissues  and  fluids  of  the  body,  and  conveys  this  to  the  lungs  and  skin  for  elimi- 
uation.  This  product  is  continualiy  being  formed  in  such  large  amouut,  that  ita 
presence  in  the  blood  can  always  be  readily  demonstrated ;  and  if  its  elimination 
be  checked  for  even  a  few  minutes,  it  accumulates  to  such  an  extent  as  to  occa- 
sion the  immediate  destruction  of  life. — But  in  addition  to  the  Hielogenetio 
materials  and  Oxygen,  on  the  one  hand,  and  the  various  products  of  the  distnte- 
gratioD  of  the  tissues  on  the  other,  the  blood  contains  those  non-azotized  sub- 
Btances,  which  are  received  into  it  for  the  purpose  of  supplying  the  pnhulum  of 
the  Combustive  process;  aud  the  union  of  their  carbon  with  oxygen  introduced 
from  the  atmosphere,  which  ia  continually  goingnin,  becomes  an  additional  source 
of  the  production  of  carbonic  acid,  and  of  its  injurious  accumulation  if  its  dimi- 
nution be  checked. 

154.  From  this  variety  in  the  operations  to  which  the  Blood  ia  subsorvicDt,  it 
naturally  follows  that  the  changes  which  it  undergoes  in  different  parts  of  its 

eiJerixtioas,  which  tre  tairlj  sthUtd  bj  Mr.  Gray. — The  puio  in  (be  region  of  the  Sp1e«n, 
which  is  BO  commonly  cotnplained-of  by  Chlorotic  patients,  seems  to  be  not  iniprobubly 
connected  with  an  exceia  of  tlio  diaintegmting  aotioQ  of  tho  organ,  the  results  of  which 
mauiftistt  themsehes  in  the  extreme  dimixiutiuu  of  r«d  corpuscles  in  the  general  mass  of 
the  blood. 
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circulation  arc  of  a  very  diversified  nnture.  and  tlmt  the  composition  of  the  fluid 
in  the  several  parts  of  ite  course  will  be  far  from  uniform.     Between  the  blood 
which  19  being  distributed  by  the  sjsteniic  Arteriea  to  the  body  at  large,  aad 
that  which  is  being  ofdlected  from  it  again  by  the  systemic  Veins,  after  having 
percolated  the  tissues,  there  is  not  only  an  obvious  difference  in  hne,  which  in- 
dicat«>3  an  important  change,  hut  there  h  also  a  considerable  difference  in  coift. 
position,  which  is  revealed  by  chemical  analysis:  and  a  difference  of  a  oonveTse 
nature  presents  itat-lf,  between  the  bJood  that  is  on  its  way  to  be  distributed  to 
the  LansB,  and  that  which  is  returning  from  them.     So,  again,  although  there 
is   DO  obvirtufl  dissimilarity  in   physical  charac'ers,  between   the  blood  which  is 
trarmmitted  to  the  Liver  by  the  vena  port®,  and  that  which  is  carried-off  from  it 
by  the  hepatic  vein,  yet  chemical  analysis  reveals  a  very  remarkable  difference  io 
their  composition,  and  shows  that  the  blood  of  the  asceadin-^  vena  cava  (ahuv« 
the  entrance  of  the  hepatic  vein),  that  of  the  right  cavities  of  the  heart,  and 
that  of  the  pulmonary  artery,  difft-rs  fmm  all  other  blf>o«l  in  the  body,  in  contain- 
ing an  appreciable  quantity  of  that  peculiar  sugar  which  is  formed  in  its  passage 
throtigh  the  Liver  (§  132).     In  many  other  cases,  we  know  that  an  importact 
difference  mu*/^  exist,  although  chemical  analysis  hua  not  yet  detected  it;  thus 
the  blood  of  the  Renal  vein  must   be   more   free   from   the  components  of  the 
urinary  excretion,  than  that  of  the  renal  artery  which   conveys  them   to  th« 
kidney;  while  the  blood  of  the  Systemic  veins  in  general  must  contain  them  in 
greater  amount  than  their  corrcspondint^  arteriea,  since  they  are  discharged  into 
the  current  during  ita  passage  through  the  tisaues,  of  whose  disintegration  they 
are  among  the  products.  —  In  the  account  to  be  presently  given  of  the  Blocd, 
those  most  general  characters  and  properties  will  be  first  described,  which  it  pre- 
sents in  all  parts  of  ita  circulation  j  the  principal  differcncca  which  have  been 
flubsfantiatcd  in  the  composition  of  the  blood  in  the  several  portions  of  its  cir- 
cuit, will  then  be  noticed  j  and,  lastly,  a  summary  will  be  given  of  the  most  im- 
portant of  those  pathological  alterations,  which  it  exhibits  in  disease. 

155.  The  precise  determination  of  the  qvaittif^  of  Blood  contained  in  the 
body,  ia  more  difficult  than  might  have  been  lirst  mippofied;  and  the  estimates 
which  have  been  made  of  it,  have  been  most  strangely  discrepant.  The  entire 
amount  which  flows  from  a  large  arterial  trunk  freely  opened,  can  by  no  means  be 
taken  as  a  mensure  j  since,  however  readily  it  may  be  permitted  to  escape,  a  con- 
siderable quantity  still  remains  within  the  blood-vessels,  especially  if  the  heart's 
action  fail  before  the  loss  of  blood  has  proceeded  very  far,  so  that  it  is  not  draim 
from  the  venous  system.  A  closer  approximation  may  be  made  by  opening  several 
Teasels  at  once,  which  was  the  method  adopted  by  Ilerbst;'  who  estimated  the 
proportion  of  the  weight  of  the  blood  to  that  of  the  entire  body,  to  be  ats  1 :  12  in 
the  Ox,  as  1 :  16  in  the  Dog,  as  1 ;  18  in  the  IL>rse,  as  1  :  20  in  the  Uoat,  Calf,  Lamb, 
and  Hare,  as  1 :  22  in  the  Sheep  and  Cat,  and  as  1 1 24  in  the  Rabbit.  With  these 
estimates,  the  conclusions  drawn  by  Vanner  from  his  recent  observations  in  the 
abatfoirt  of  Paris,  pretty  closely  correspond ;  for  he  is  led  by  them  to  the  belief, 
that  for  horned  cattle  in  gencnd,  the  pmportion  does  not  vary  far  from  1 :  20.*  It 
is  obvious,  however,  that  no  such  method  can  give  more  than  a  mmhnum  ;  since, 
even  after  the  most  complete  exsanguinatiuu  that  tlie  freest  opening  of  the  vessels 
can  permit,  a  considerable  quantity  of  blood  is  still  retained  in  them,  and  especially 
in  those  of  the  head.  And  there  are  various  observations  which  lead  to  the 
belief,  that  such  esliniates  are  far  too  low  as  regards  Man  ;  since  it  appears  that  a 
quantity  of  blood  equal  to  at  least  one-tenth  of  the  weight  of  his  body,  may  b^ 
poured-forth  from  his  vessels  within  a  short  time.  Still,  occurrences  of  this  kind, 
of  which  Haller  has  brought  together  an  interesting  collection,*  afford  but  an 
unsafe  basis  for  our  estimate;  since  it  is  necessary  to  allow  for  the  fact,  that 

'  "  De  Sanguinis  qtiantitnte,  qualis  homtui  adulto  et  sano  conTeait."     Goettingn,  1 

■  "Comptca  Readus."  torn,  xxriii.  p,  G49. 

■  "Elemeata  Pb^siolagiiv,"  vol.  ii.  pp.  8,  4. 
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wLen  the  ve^scla  are  tccominor  emptied  of  blood,  a  transudation  of  fluid  takos 
plat-e  info  them  frmii  the  surruundinj:^  tissues,  as  is  evidenced  hy  the  diiniiiution 
in  the  specific  gravity,  and  in  the  increase  in  (he  proportion  of  watpr,  which  »ro 
apparent  when  even  the  first  and  last  parts  of  the  blood  drawn  at  an  ordinary 
venesection  are  compared  (§  178) :  ro  that,  if  the  hfcmorrhape  be  going-on  for 
some  hours,  a  omeh  larj^er  quantity  of  fluid  may  be  pnured-fortb  from  the  ve?8elB, 
than  was  ever  contained  within  them  at  any  one  time;  and  if  liriuida  be  ingested 
during  its  continuance,  a  portion  of  these,  btnng  at  once  received  into  the  ciroa- 
lating  current,  will  go  to  aujiment  the  amount  which  escapes  from  it.  Two  re- 
markable instanoos  are  cited  by  Burdach'  from  Wrisherg;  who  states  that  a  female 
who  died  from  violent  metrorrhagia  had  lost  26  lbs.  of  blood,  and  that  24  Ihs, 
were  collected  from  the  body  of  a  plethoric  female  who  had  sufFcrod  death  by 
decapitation.  In  the  first  of  these  cases,  it  is  probable  that,  aa  death  could  not 
have  been  immediate,  some  increase  took  place  from  the  fluids  of  the  body;  in 
the  second,  however,  the  Buddenncas  of  the  discharge  of  blood,  and  its  concur- 
rence with  the  destruction  of  life,  mast  have  prevented  any  considenible  augmen- 
tation from  this  source;  and  if  any  such  increase  did  take  place,  it  probably  did 
not  exceed  the  amount  of  blood  remaining  undischarged  in  the  vessels.  lo  two 
cases  in  which  the  weight  of  blood  which  drained  from  the  bodies  of  decapitated 
criminals  was  determined  by  Profrs.  E.  Weber  and  Lehman  (allowance  beine; 
made  for  the  large  quantity  of  water  which  mingled  with  its  latter  portions),  it 
was  found  to  bear  to  the  weight  of  the  body  at  large  almost  exactly  the  ratio  of 
1 : 8.'  Several  circumstances  lead  to  the  belief  that  this  fstimate  is  not  far  from 
the  arerge ;  but  it  cannot  be  doubted  that  a  considerable  variation  in  the  relative 
amount  of  blood  will  oiist  among  diflFerent  individuals.* 

2.   Phyticalf  Chemical,  and  Sfructural  Characters  of  the  Blood. 

156.  The  Blood  as  it  flows-forth  from  an  opening  in  a  large  vessel,  is  an 
apparently  horaogeneoua  liquid,  possessing  a  slight  degree  of  viscidity,  with  a 
oonsistence  and  density  somewhat  greater  than  that  of  water,  but  especially  dis- 
tinguished by  its  cohurj  which  is  ueuaily  of  a  bright  scarlet  when  it  is  drawn 
from  an  artery,  and  of  a  dark  purple,  sometimes  almost  approaching  lo  black,  when  it 

'  "  Trait d  de  Phyaiologic,"  traduit  par  Jonnlain,  torn.  vi.  p.  119. 

*  See  Prof.  Lehmann*!  "Lebrbuch"  (2iii]  I'dit.J,  band  ii.  p.  234. 

*  .Another  modp  of  determining  the  t'Otal  amount  of  the  oircalating  blood  has  been  pro- 
posed by  Prof.  Valentin  ("  Ilepert.  fur  Anat.  and  Phja.,*' band  iii.  p.  281);  who  first 
draws  a  eampic  of  blood  from  an  animni,  and  ascertains  the  proportion  of  water  which  it 
contfiinii,  then  injects  a  determinate  quantity  of  wntcr  into  the  vessels,  and  rtntnediately 
draws  fresh  saropleft  from  different  parts  of  tlie  body,  in  which  bIso  he  ascertains  the  pro- 
portion of  the  solid  to  the  fluid  components;  and  from  the  amount  of  dilution  which  the 
last-drawn  blood  eshthits,  as  compared  witb  the  firnt  sample,  he  calculates  the  whole  bulk 
of  the  circulating  fluid.  From  these  data,  Prof.  Valentin  estimated  the  prnportioD  of 
blood  in  the  Do|;  an  1 :  4i[,  and  in  the  Sheep  as  1 :  5;  so  that  appljin;;  the  former  of  these 
proportions  lo  the  Human  body,  a  man  weighing  145  lbs.  would  hfive  32  lbs,  of  blood,  and 
a  woman  weighing  127  lbs.  would  have  27  lbs.  of  bluod.  It  can  scnreely  be  doubled  that 
this  statement  is  too  high;  and  it  is  not  difiicuU  to  discem  an  important  fallaey  in  the 
method  on  whicli  it  is  b&ied.  For  however  rapidly  the  operation  may  be  performed,  some 
portion  of  the  water  injected  will  transude  from  the  vessels  into  the  surroundtnp  tissues, 
and  will  escape  by  the  kidneys;  and  thus,  tho  degree  of  its  dilution  bcinii;  diminished,  the 
eetimate  of  the  total  amount  of  the  blood  will  be  roised  considerably  above  the  reality. 
It  has  been  more  recently  proposed  by  more  than  one  experimenter,  to  inject,  in  pince  of 
water,  somo  saline  compound,  whose  presence  in  the  blood  miftht  easily  be  determined 
quantitively,  ond  which  should  neither  be  bo  poisonous  as  to  produce  speedy  death,  nor  bo 
capable  of  such  rapid  transudation  as  to  escape  too  readily  into  the  tissues  or  the  urine. 
The  sulphate  of  alumina  has  been  employed  for  this  purpose  by  Prof.  Ulaice  (of  St.  Louis, 
D.  S.)  ;  and  bis  eiperimenta  lead  to  ihc  contlusion  thot  the  proportion  of  blood  in  the  body 
of  a  Dog  is  as  1 :  8  or  1 :  9;  bo  that,  applying  the  same  proportion  to  Man,  the  quantity 
of  blood  in  a  Human  body  weighing  \44  lbs.  would  be  10  or  18  lbs.  See  Prof.  Dunglisoo's 
"Human  Physiology,"  seventJb  ediL  vol.  ii.  p.  102. 


is  drawn  from  a  vein.  This  differen'^e  of  colour,  however,  is  by  no  means  conetaot; 
for  arterial  blood  may  sometimes  be  unusually  dark,  whilst  venous  blood  is  occasioo- 
ally  80  florid  that  it  might  almost  be  taken  for  arterial.  The  former  condition  is 
observable,  when  from  any  cause  the  respiratory  process  is  imperfectly  effected, 
and  may  be  especially  noticed  during  operations  performed  under  the  inlluenea 
of  ameathetio  agents;  it  has  also  been  remarked  by  Dr,  John  Davy,  as  usually 
characterising  the  arterial  blood  of  the  inhabitants  of  hot  climates;'  but  in  anj 
of  these  cases,  the  ordinary  arterial  hue  is  acrjuired  by  the  blood,  when  it  }m 
been  sufficiently  exposed  to  the  air.  The  florid  hue  is  presented  by  the  venou! 
blood  of  animals  which  are  made  to  respire  pure  oxygen  ;  but  it  seems  Domuil 
with  some  individuals  whose  respiration  is  peculiarly  active. — The  fpedfic  gravity 
of  the  Blood  is  stated  by  Nasse,"  as  the  result  of  numerous  observations  to  viij 
(within  the  limits  of  health)  between  1050  and  1059  j  the  average  being  taken 
ad  1055.  The  principal  source  of  this  variation,  ia  the  want  of  constancy  in  the 
proportion  of  the  red  corpuscles  in  the  blood ;  for  the  specific  pravity  of  these, 
when  separately  examined,  is  found  to  be  as  high  as  1088-5,  whilst  that  of  the 
liquid  in  which  they  float  is  no  more  than  1028;  and  hence  the  specific  gT*^ty 
of  the  blood  of  men  is  usually  higher  than  that  of  women  ('§  175),  and  that  of 
the  portion  of  blood  first  drawn  exceeds  that  of  the  portion  which  flows  lojst 
(§  17S). — The  chemical  reaction  of  the  Blood  seems  to  be  invariably  alkaline; 
and  very  important  purposes  are  served  by  the  alkalinity  (§  iil(j). — When  we  add 
that  the  blood  has  a  saltish  taste,  and  a  faint  odonr  resembling:  that  of  the  pol- 
monnry  and  outiineoua  exhalations  of  the  animal  from  which  it  is  drawn,  we 
have  enumerated  all  the  characteristics  which  can  be  tnade-out  by  the  tmasaisted 
Bensea. 

157.  When  the  Blood  is  examined  with  the  Microscope,  however,  either  im- 
mediately upon  being  drawn,  or  whilst  it  is  yet  circulating  in  the  vessels  of  the 
living  body  (as  in  the  foot  of  the  Frog,  the  wing  of  the  Bat,  or  any  other  mem- 
branous expansion  of  similar  transparency),  it  is  seen  that  its  apparent  homo- 
geneity is  not  real,  but  that  it  consists  of  two  very  different  components.  These 
are,  a  transparent  and  perfectly  colourless  liquid  which  is  known  as  the  Liqwr 
Suft'juinis,  and  a  set  of  Corputcles  which  are  suspended  in  it:  the  great  mass  of 
these  last  present  a  distinctly  red  hue,  and  it  is  to  their  presence  alone  that  the 
colour  of  the  blood  is  due;  but  there  are  also  to  be  seen,  scattered  among  the 
red,  a  few  which  are  colourlesSf  and  -which  differ  from  the  red  in  some  other  par- 
ticulars presently  to  be  noticed.  —  On  the  other  hand,  when  the  Blood  has  been 
drawn  from  the  body,  and  is  allowed  to  remain  at  rest,  it  undergoes  a  spontaneous 
coagulation,  in  the  course  of  which  it  separates  into  a  red  Crauamcntum,  and  a 
nearly  colourless  Sentm.,  The  '  crassamentum'  or  '  clot'  is  composed  of  a  net- 
work of  Fibrin,  presenting  a  more  or  less  distinct  fibrous  texture ;  in  the  meshea 
of  which  the  Corpuscles,  both  red  and  colourless,  are  involved,  together  with  a 
certain  amount  of  serous  fluid.  The  *  serum,'  which  is  the  same  with  the  '  liquor 
sanguinis'  deprived  of  its  fibrin,  coagulates  by  heat,  and  is  therefore  known  to 
conbiin  Albumen;  and  if  it  be  exposed  to  a  high  temperature,  sufficient  to  de- 
compose the  animal  matter,  a  considerable  amount  of  earthy  and  alkaline  Salts 
remains. — Thus  we  have  four  principal  components  in  the  Blood;  namely,  I'lbrin, 
Alfiumen,  Corpusdetf  and  Saline  vutttcr.  In  the  circulating  blood,  they  are 
thus  combined : — 

Fibrin  '\ 

Albumen      >  In  solution,  forming  Liquor  Sangmais. 

Bdta  J 

CorpoflcleB, — euHp«n(Ied  in  Liquor  S«.DgaiDU. 

"  Anatomical  and  Physiological  Reflearches,"  vol.  ii.  p.  140. — This  fkct,  which  iar- 
i&omies  with  the  ioferenoe  to  be  drawn  from  the  obaerred  resolte  of  a  high  external  tern- 

Kratorein  reducing  the  exoretion  of  carbonio  acid  (Chap,  vii.,  Sect.  2),  is  of  great  luraetieal 
portance 
•  Wagner's  "  HmndwSrlerbuch  dor  Phjsiologie,"  Art  '  Blut,'  bond  i.  p.  82. 
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But  iu  coaffulatcfl  blood,  they  are  combined  as  follows ; — ■ 
„  U     r  Forming  Craaflamentum,  or  CloL 

fi  It'™  f  Remaining  in  Bolution,  forming  Serum. 

The  change  from  the  one  condition  to  the  other  is  due  to  tbe  fibrillation  of  the 
Fibrin ;  which  usaally  takea  place  bo  speedily,  aa  to  involve  the  Corpuscles  float- 
ing in  the  'liquor  sanguinis/  before  they  have  time  to  subside j  although,  under 
various  conditions  hereafter  to  be  described  (§§  205,  206),  it  may  occur  io  such 
A  manner,  that  tbe  clot,  or  a  portion  of  it,  is  left  colourless. 

158.  The  Red  Contuscles  of  the  Blood  fcommonlyj  but  erroneously,  termed 
'plobules*)  are  cells  of  a  flattened  or  discoidai  form,  which,  in  Man,  as  in  most 
of  tbe  Mammalia,  have  a  distinctly-circular  outline.  In  the  discs  of  Human 
blood,  when  this  is  examined  in  its  natural  condition,  the  sides  are  somewhat 
concave;  and  there  is  a  bright  spot  in  tbe 
centre,  which  has  been  regarded  by  many 
as  indicating  the  existence  of  a  nucleus; 
though  it  is  really  nothing  else  than  an 
effect  of  refraction,  and  may  be  exchanged 
for  a  dark  one  by  slightly  altering  the  focoa 
of  the  Microscope  (Fig.  50).  The  form  of 
the  disc  is  very  much  altered  by  various  re- 
agents; for  the  membrane  which  composes 
its  exterior,  or  cell-wall,  is  readily  permeable 
by  liquids ;  so  as  to  admit  of  their  passage, 
according  to  the  laws  of  Endosmose,  cither 
inwards  or  outwards,  as  the  relative  density 
of  the  contents  of  the  cell  and  of  the  sur- 
rounding fluid  may  direct.  Thus,  if  the 
Hod  Corfjuseles  be  treated  with  water,  or 
with  a  solution  of  sugar,  albumen,  or  salt»  which  is  of  less  density  than  the 
liquor  sanguinis,  there  is  a  passage  of  this  liquid  into  the  cell;  the  disc  first  bes 
comes  flat,  and  then  double-convex,  so  that  the  central  ppot  disappears;  and  by 
a  continuance  of  the  same  process,  it  at  Inst  becomes  globular,  and  finally  burst.fi, 
the  cell-wall  giving  way,  and  allowing  the  diffusion  of  its  contents  through  the 
surrounding  liquid.  If,  on  the  other  hand,  the  Red  Corpuscles  be  treated  with 
a  thick  syrup  or  with  a  solution  of  albumen  or  of  salt,  they  will  be  more  or 
less  completely  emptied,  and  caused  to  assume  a 
shrunken  appearance;  (Fig.  61)  tbe  first  effect  of 
the  process  being  to  increase  the  concavity,  and  to 
render  the  central  spot  more  distinct.'  It  is  prob- 
able that  the  Blood-corpuscles,  even  whilst  they 
are  circulating  in  the  living  vessels,  are  liable  to 
alterations  of  this  kind,  from  variations  in  the 
density  of  the  fluid  in  which  they  float ;  and  that 
such  alterations  may  be  constantly  connected  with 
certain  disordered  states  of  the  syfitem.'  Thus, 
even  without  such  an  alteration  in  the  Blood  aa 
would  constitute  disease,  its  proportion  of  water  may 

^  A  large  numiber  of  experiments  of  this  kind  were  made,  and  their  resnlta  aeoarately 
reoordled,  hj  Hewnon  {see  his  "Infjnirj  into  the  Propcnies  rf  the  Blood,"  1782.  and  his 
"Deaoription  of  the  Red  Particles  of  die  Blood,"  1788),  who  drew  from  them  tbe  inference 
of  the  vnieular  character  of  the  Red  Corpuscles.  These  experiments  were  repeated  and 
varied  bj  other  phvstologista,  of  whose  results  ii  table  baa  been  given  by  Mr.  Ancell 
[^*  Lectures  on  the  Physiology  and  Pathology  of  the  Blood,"  in  the  "  Lancet,"  Dec.  7. 
18S9) :  but  the  facts  stated  in  tbe  text  are*  those  of  most  importance,  and  their  true 
rationale  eeems  to  have  been  first  given  by  Dr.  G,  0.  Kees  and  Mr.  8.  Lane.  (See  their 
Memoir  *0n  the  Structure  of  the  llilnodrorpUBcle/  in  *•  Guy's  Hospital  Reports,"  No.  lili.) 

*  S««  nr.  0,  0.  Rces'B  'Oulstonian  Lectures'  in  the  '*  Medic&l  Gaiette"  for  1846. 


Red  Corpuscles  of  ITuman  Blood/  re- 
pretcDted  at  o,  na  the;  are  sceD  wben 
ratber  beyond  the  focus  ortbetnicrogoope; 
and  at  &,  as  the;  appesx  when  within  the 
focaa. 


[Fio.  fil. 
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Jird  corpii»rU»  of  ihe  ox,  vnnif 
niBcd  two  diftioeters  (from  Tudd 
find  Buwrnan);  A,  in  tbcir  oatu- 
ral  itatc ;  B.  altered  by  a  men 
itxam  of  higher  deosity.] 
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be  temporarily  eomnch  (iiminished  by  diuresis  orexccssive  perspiration, unbalnncpd 
by  a  correspondinf;  ingestion  of  liquid,  that  the  corpuscles  raay  be  made  to  present 
a  granuluted  edtte;  which  ia  rendered  snaooth  again  by  the  diSution  of  the  liquor 
Banguinia  with  water.  We  hence  see  tLe  necessity,  in  eiamining  the  Blood  micro- 
scopically, for  employing  a  fluid  for  its  dilution,  that  eliall  be  as  nearly  aspoesible 
of  ihe  same  cbiiract^r  with  its  ordinary  'liquor  sanguinis.' ' — Microscopic  obserr- 
era  were  formerly  divided  upon  the  question,  whether  or  not  the  Red  Corpusclea 
of  the  blood  of  Man  and  other  Mammalia  cuutuin  a  nucleus  ;  but  of  late  there  has 
been  a  peoeral  accordance  in  the  statement,  that,  in  \hQ  fuUif-formrd  discs,  no  nu- 
cleus is  discoverable,  although  it  may  be  sometimes  seen  in  cells  whose  formation 
seeras  to  be  incomplete;  and  from  the  observations  of  Mr.  Paget  and  of  Wr. 
Wharton  Jones,  it  would  seem  that  we  are  to  regard  the  absence  of  nucleus  as 
marking  a  more  advanced  stage  of  development,  than  that  which  obtains  in  the 
blood-corpiiBclcs  of  the  lower  Vertebrata,  or  ia  the  early  condition  of  those  of  the 
highcBt  (§  168), — In  all  Oviparous  Vertebrata,  without  any  known  exception,  the 
Red  Corpuscles  are  oval, — (Fig.  5*2)  the  proportion  between  their  long  and  their 
short  diameters,  however,  Dcing  subject  to  much  variation;    and  tiieir  nuclei 


Fie.  &3. 
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J?ed  eorpHtclet  of  (he  pigeon,  mag- 
nified 400  diarnelcra  (from  Todd  and 
BovtoKD);  A, mialtered,  with  t*ro  or 
tfaro«  oolourlesa  partielei ;  B,  treated 
with  Acelio  acid,  which  cnorQ  clenrlj 
dovelopes  the  cell  nail  and  nucteui.] 


Corpnseleii  of  Frog'*  blood  ;  1,  I,  ni  cor- 
pnsclof  teen  on  tb«)r  flattened  fac« ;  2,  th)* 
eame  tnmed  oeurly  edgeways;  3,  oulourle^) 
corpofcle ;  A,  red  oorputclet  aJtered  by  dilnr« 
ooelio  Boid. 


may  always  be  brought  into  view  by  treatment  with  acetic  acid,  when  not  at  first 
visible.  In  the  red  particles  of  the  Frog,  which  are  far  larger  than  those  of 
Man,  a  nucleus  can  he  observed  to  project  somewhat  from  the  central  portion  of 
the  oval,  even  during  their  circulation  (Fig.  63,  1,  1);  and  it  is  brought  into 
extreme  distinctness  by  the  action  of  acetic  acid,  which  renders  the  remainder 
of  the  particle  extremely  transparent,  whilst  it  gives  increased  opacity  to  the 
nucleus,  which  is  then  seen  to  consist  of  a  granular  substance  (4).  In  the  still 
larger  blood-disc  of  the  Proteus  and  Siren,  this  appearance  is  yet  more  distinct.* 
159.  Tlie  /(/rm  of  the  Red  Corpuscles  is  not  unfrequenlly  seen  to  change 
during  their  circulation  j  but  this  is  generally  in  consequence  of  pressure,  from 
the  effects  of  which,  however,  they  quickly  recover  themselves.  In  the  capillary 
vessels,  they  sometimes  become  suddenly  elongated,  twisted,  or  bent,  through  a 
narrowing  of  the  channel ;  and  this  cbaDge  may  take  place  to  such  a  degree,  a£ 
to  enable  the  disc  to  pass  through  an  aperture  which  appears  very  minute  in  pro- 
portion to  its  diameter.  When  undergoing  spontaneous  decomposition,  the 
blood-disos  become  granulated,  and  sometimes  (as  long  since  noticed  by  Hewsou) 

*  Bj  Wftfoer,  the  filtered  serum  of  frog's  blood  is  recommetided  for  this  purpose.  Weak 
•olutioni  of  aalt  or  augur,  and  urine,  answer  tolerably  well ;  but,  as  Mr.  Gulliver  remarkf, 
n\\  addition  muit  be  avoided,  when  it  \b  inteDded  to  measure  Ihe  corpusden,  or  to  ascertain 
llioir  true  forma;  since  even  the  eerum  of  one  Maminal  reaota  itguriouslj  on  the  blood- 
Uses  of  anolher     See  •*  PhiloB.  Mairai,,"  Jan.  and  Feb.,  1840.  ~ 

'  See  '•  Penny  CyclopneJia/'  Art.  '  Siren.' 
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even  mulberrj'-sliapcd  ;  and  particles  in  which  these  changea  appear  to  b<^  cnm- 
nioncing,  may  be  found  in  the  biond  at  all  times, — The  size  of  the  blood-discs  is 
liable  to  considerable  variation,  even  in  the  same  individual ;  some  being  met- 
with  with  as  much  a&  one-third  larger,  whilst  others  mre  one-third  Bmaller,  than 
the  average.  The  diameter  of  the  corpuscles  boars  no  constant  relation  to  the 
pize  of  the  animal,  even  within  the  limits  of  the  same  class;  thus,  although 
those  of  the  Elephant  are  the  largest  aniong  MammnJia  (as  far  as  is  hitherto 
inown),  those  of  the  Mouse  tribe  are  far  from  being  the  Pniallesl,  being,  in  fact, 
more  than  three  times  the  diameter  of  those  of  the  Musk  Deer.  There  is,  how- 
evfii,  as  Mr.  Gulliver  has  remarked,  a  more  uniforni  relation  between  the  size  of 
the  animal  and  that  of  its  blood-dises,  when  the  comparison  is  made  within  the 
limits  of  the  same  order.  Id  Man,  their  diameter  varies  from  about  1-4 000th  to 
1 -2800th  of  an  inch,  the  average  diameter  being  probably  about  l-3200th  ;  and 
their  average  thickness,  according  to  the  same  excellent  observer,  is  about 
l-12,400th  of  an  inch,'  According  to  the  recent  estimates  of  Vierordt,  a  cubic 
centimetre  of  blood  (which  is  no  more  than  about  B-lOOths  of  a  cubic  inch)  con- 

'  A  Taliular  enmmarj  of  Mr.  GnlliTer's  very  numerous  and  accurate  meBgnrementa  of 
the  Red  Carpuscles  of  the  Blood  of  different  Aiiimaln,  frooi  all  the  classes  and  most  of  tLe 
orders  of  the  Vertebrate  ierlcB,  it  contained  in  the  "  Proceedinga  of  the  Zootopoat 
Society,"  No.  cii.,  and  al!«o  in  his  Edition  of  (be  "  Works  of  Heinson"  already  referred  to, 
published  by  the  Sydenham  Society  (p.  237).  Froin  thcec,  the  following  meaBuremeDta 
of  tlie  blood  of  domestic  auimalfi  (expressed  in  fractions  of  an  English  inch)  may  be  ae- 
lected^  as  the  most  likely  to  become  of  interest  in  Jaridical  inquiries,  in  -which  it  is  fVe- 
quenily  of  importance  to  ascertaia  the  precise  source  of  ataiiia,  whose  eanguineoua  obte- 
racter  has  been  determined. 


Mnn 1-8200 

Dog 1-8532 

Hare l-36fi0 

Babbit 1-8607 

Hat... 1-87M 

Mouse 1-8814 

Ass , 1-4000 


Pif. 1-4280 

Oi l-42fi7 

Red  Deer... 1-4324 

Cat 1-4404 

Hor«« 1-4600 

Sheep 1-6800 

GoBt 1-6366 


Thus  it  appears  quite  possible  to  distinguish  the  blood  of  all  the  animals  enumerated, 
from  that  of  Man,  by  the  measurement  of  the  diameter  of  the  Ked  Corpuscles;  those  of 
the  Dog  and  of  the  Rudeots  approaching  his  most  nearly  in  sire,  while  those  of  the  llumi- 
nanl  and  Pachydermatous  quadrupeds,  and  of  the  Cat,  are  considerably  smaller.  —  It  is 
important,  however,  to  bear  in  mind,  that  the  specimens  of  hlood  suljmitted  to  examina- 
tion in  Juridical  inquiries,  will  for  the  most  part  have  been  dried ;  and  it  is  therefore  of 
consequence  to  know  the  oomparative  dimeoHiona  of  the  blood-diiics,  after  they  have  been 
submitted  to  this  process.  These  are  given  as  follows  by  Schmidt,  in  his  recent  work  on 
the  diagnosis  of  suspicious  spots  in  criminal  cases  ("Die  Diapnostik  Tcrduchtiger  Flecke 
Im  Criminalfaller") ;  the  measurements  being  expressed  in  decimisls  of  a  mtllim4tr«. 

Mmn. 

Mon 00077 

Dog „ 00O70 

Rabbit 0-(J064 

lUt « 0  00fl4 

Kg.'. 0  0062 

Mousa 0  0O61 

Ox 0  0(^68 

Cat 0  0066 

Horse « 0  OftfJ7 

Sheep , 0-0045 

The  relative  sites  of  the  Red  Corpuscles  expressed  by  this  Table,  will  be  seen  to  cor- 
respond closely  with  those  assigned  by  Mr.  Gulliver,  in  every  case  but  that  of  the  Pig; 
for  its  blood-corpuscle  being  represented  as  relatively  larger  in  the  dried  blood  than  in  the 
moist,  there  must  certainly  be  a  mistake  on  one  side  or  the  other. — The  oval  form  and  pro- 
minent nucleus  of  the  Red  Corpuscles  of  all  the  otrparoM  Vertebrata,  enable  them  to  be 
distinguished  from  those  of  Man  without  the  slightest  difficulty;  consequently  no  question 
can  ever  tic  between  a  stnin  left  by  the  lilood  of  a  Fowl,  a  Turtle,  or  a  Cud,  and  that  left 
by  Human  hlood,  when  the  corpuscles  can  be  distinctly  made-out  with  the  assii^tance  of 
the  microsrope. 


Mbxtniura, 

Ulnlmnm. 

0-OOftO 

00074 

00074 

OOOdli 

0  0070 

o-o<k;(i 

0  0068 

OflOffl 

0  0065 

00060 

O0O66 

00068 

0  0063 

0-0054 

00060 

00053 

OOOfiO 

0-0053 

00048 

OOO40 
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tains  no  fewer  tban  5,055,000  red  carpuscles  :  whilst  by  Welker  the  nnraWin 
the  name  quantity  ia  estimated  at  4,600,000.'  —  The  colour  of  the  R«d  Corpus- 
cles ifl  very  pale  when  they  are  lyiug  in  a  single  stratum ;  and  it  is  only  when 
we  see  three  or  four  auperposed  one  upon  onother,  that  the  full  deep  red  tint  of 
their  cnntenta  beconiea  apparent.  The  cause  of  the  difference  in  hue  betweea 
the  corpuscles  of  arterial  and  those  of  venous  blood,  will  be  considered  here- 
after (§  182). 

IGO.  The  principal  part  of  the  ceW-contenU  of  the  Hed  Corpuscles  is  formed 
by  the  two  compouudfl,  Globulin,  which  ia  a  coagulable  substance  nearly  allied 
to  alburaon,  and  ITiemntin,  to  which  their  colour  is  altogether  due;  the  precbe 
[oompoi^ition  of  the  ccVt-tcafb  baa  not  not  been  determined. — The  following  ia 
riven  by  Prof.  Lehmann'  as  the  relative  Chemical  constitution  of  the  Red  Cor- 
[piLselcs  and  of  the  Liquor  Sanguinis^  which  there  is  a  great  advantage  in  thai 
Lprinping  into  eompariaon  : — 


1000  parts  of  Bed  Corjnucla  cootain 

Water 68800 

Solid  reaidae 81200 

BasmatiQ  (including  iron).... ~.......  16-76 

' 'QlobuUn  and  oeU-membraue....^....  28222 

Pat 2  31 

Extntotive  roatters 2-CO 

Mineral  Bubatoncoa  (exoluBive  of  iroa)  6*12 

Chlorine 1-686 

SuIphuHc  acid 0066 

Phoaphorio  acid 1-134 

rotasaium S-328 

Sodium « 1-052 

Oxygen 0-667 

Phosphate  of  Lime OIU 

Thosphateof  Magneaia... 007S 


1000  pnrtii  of  Liquor  Sanffuinia  contain 

Water 902  » 

Solid  residue «...      97  10 


Fibrin , , 

Albumen ..... 

Fat. 

EstractiTe  matters.. 
Mineral  subst&Dceg. 


4-06 

78'84 

1-72 

866 


Chlorine 8-«« 

Sulphuric  acid „.,,„.,  D-115 

Phospfaoric  acid 0191 

Potassium 0-323 

Sodium 8S4I 

Oijgen 0-408 

Pbospbate  of  Lime.. 0-311 

Phosphate  of  Magnesia 0-222 


From  this  we  see  that  not  only  do  the  Hjcmatin  and  Globnlin  of  the  Corpuscles 
replace  the  Fibrin  and  Albumon  of  the  Liquor  Saof^nuinis,  but  the  proportion  of 
Fat  in  the  former  is  considerably  greater  thtin  in  the  latter;  and  that  although 
,^he  whole  amount  of  mineral  tnuttor  (excluding  the  iron  of  Haematin,  which 
Irould  amount  to  1'17),  is  nearly  the  same  in  the  Corpuscles  as  in  the  Liquor 
'Sanguinis,  yet  there  ia  a  mo«t  remarkable  and  significant  difference  in  its  coo- 
I  ■titufuis  in  the  two  cases  respectively.  For  while  the  Chlorine  of  the  corpuscles 
,  Ib  to  that  of  the  liq.  sang,  as  1  :  2  16,  the  Phosphoric  acid  of  the  corpuscles  ia 
to  that  of  the  liq.  sang,  as  nearly  6:1;  and  whilst  the  Sodium  of  the  corpus- 
cles is  to  that  of  the  liq.  fang,  as  1  :  3  3,  the  Potassium  of  the  corpuscles  is  to 
that  of  the  liq.  sang,  as  10*3  to  1.  Hence  it  ia  obvious  that  the  Chloride  of 
'Sodium  of  the  blood  must  be  principally  contained  within  the  liquor  sanguinis, 
whilst  the  Potash  of  the  blood  is  almost  wholly  included  in  the  substances  of 
the  Corpuscles ;  and  from  the  excess  of  Phosphorus  in  the  corpuscles,  as  well  as 
of  Fat,  it  may  be  fairly  concluded,  that  it  is  in  them  that  the  peculiar  *  phospho- 
med  fats '  arw  chiefly  formed.  —  These  facta  seem  to  suggest  a  very  important 
office  for  the  Red  Corpuscles,  which  is  in  harmony  with  all  we  know  of  the  ratio 
that  their  amount  in  different  animals,  and  in  different  individuals  of  the  Human 
necies,  bean  to  the  development  of  nervo- muscular  power  (§  210);  namely, 
tut  tbej  an  especially  concerned  in  preparing  the  pabulum  for  the  Nerrooa  and 

*  Sm  Pr»t  Lakmua'a  «•  PkyaMogitehea-Chemie."  2nd  edit,  band  IL  p.  104. 

•"F1mi«lo(toalCheaki«trT'*  (tmwlated  bj  Dr.  D«j).  vol.  ii.  p.  160.  —  It  is  to  the  ad- 

llnkle  MMjr  of  S«liniidt,  '*  Cbaracleristik  der  Cholera,"  that  Pbjsiologists  and  Cbemiitl 

^are  tadebfJ,  for  lb*  fir»t  dir««tion  o(  their  attention  to  the  importaao«  of  separately  es- 

tfaallac  tke  coayodtiloa  of  tlraoa  two  principal  coostitaeata  of  the  Blood,  sod  for  the  ia- 

iSmJSam  ef  dit  itaw  of  doi*f  ao. 
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Musculi 


I 


of  phc 


tissues,  the  former  of  which  is  distinjjuishcd  by  the  presence 
pborizcd  fats,  and  the  latter  by  the  remarlcable  prcdoiuinaDce  of  the  potash- 
salts.'  And  this  view  derives  further  confirraatjoE  from  the  fact,  that  a  flesh- 
diet  seems  to  have  a  decided  effect  in  promoting  the  formation  of  the  red  cor- 
puscles (§  177).  The  Red  Corpuscles  appear  to  have  a  remarkable  power  of 
absorbing  certain  gases;  for  it  has  been  found  by  Tan  Maack  and  Soberer,  that 
lution  of  baematia  inibibes  a  considerable  amount  of  oxygen,  the  latter  of 
chemistfi  having  also  ascertained  that  after  the  absorption  of  oiygen,  there 
in  a  elipht  development  of  carbonic  acid ;  whilst  it  has  been  proved  by  the  ex- 
peritueuts  of  Davy,  Nasse,  Scborer,  Magnus,  and  Lebniann  (Op.  cil.,  vol.  ii. 
p.  100),  that  the  capacity  of  deQbrinoted  blood  (i.  e.  of  serum  +  corpuscles)  for 
a^Morbing  oxygen  and  carbonic  acid,  is  much  greater  than  that  of  scrum  alone, 
being  at  least  twice  ib  much  for  equal  volumes.  Hence  it  seems  certain,  that 
the  Red  Corpuscles  must  contain  a  large  proportion  of  the  gases  of  the  blood 
(§  179). — The  Red  Corpuscles  are  considerably  heavier  than  the  serum  in  which 
they  are  suspended;  their  normal  specific  gravity  being  from  10885  to  1088-9 
in  man,  and  from  10880  to  1088*6  in  woman;,  while  that  of  the  Serum  averagei 
1028.  . 

161.  In  addition  to  what  has  been  already  stated  of  the  influence  of  water, 
saline  and  other  solutions,  and  acetic  acid,  upon  the  form  and  condition  of  tbe 
Re3  CorpuseJes,  the  following  facts  may  be  stated  with  regard  to  the  effects  of 
these  and  other  reagents. — Acconling  to  Miilier,*  the  envelopes  of  the  corpuscles 
which  have  been  caused  to  burst  by  the  action  of  tcater,  remain  unchanged  in 
the  liquid  for  twenty-four  hours  or  more;  but  after  remaining  for  some  days  in 
contact  with  it,  they  are  dissolved  by  it.  The  nuclei  of  the  nucleated  corpuscles, 
however,  resist  its  solvent  action  ;  and  these  behave,  when  treated  with  acids  and 
alkalies,  as  fibrin  or  coagulated  albumen  would  do.  The  action  of  acetic  acid 
upon  the  wall  of  the  corpuscle  is  not  that  of  solution,  for  the  membrane  is  still 
distinguishable  as  a  delicate  film  around  the  nucleus,  and  may  be  brought  into 
more  obvious  view  by  tincture  of  iodine;  but  it  seems  to  occasion  the  discbargo 
of  the  coloured  contents  of  the  vesicle,  either  by  causing  a  contraction  or  col- 
lapse of  its  wall,  or  (more  probably)  by  augmenting  its  permeability.  The 
action  of  the  mineral  acith  upon  the  red  corpuscles  h  quite  different;  for  they 
occasion  a  coagulation  of  the  contents  of  these  cells  in  their  interior,  so  that 
they  are  no  longer  distended  by  water;  and  this  without  producing  any  other 
change  of  shape,  than  a  slight  corrugation.  Chlorine  and  alcohol  produce  a 
similar  effect.  On  the  other  hand,  the  corpuscles  are  entirely  dissolved  by  tbe 
mineral  alkaliet  and  hy  ammonia  ;  the  cell-walls  (and  nuclei)  disappearing  com- 
pletely, and  the  cell-contents  being  diffused  through  the  solution.  According  to 
Hunefeld  and  Simon,  the  walls  of  tbe  corpuscles  are  dissolved,  and  their  con- 
tents set  free,  when  they  are  treated  either  with  hile  or  with  etlier ;  it  is  also 
affirmed  by  Simon,  that  olive  oil  exerts  a  like  solvent  power;  and  Hunefeld 
states  that  pure  urea  causes  the  rupture  and  partial  solution  of  the  cell-wnllt* 
and  the  dispersion  of  their  contents.*  (An  admixture  of  vrine  with  the  blood 
seems  to  exert  no  other  influence  upon  tbe  corpuscles,  than  a  saline  solution  of 
equal   density  would   do,  as  was   long  since   ascertained  by  Ilewson.)  —  It   ia 

•  So  long  M  the  error  of  identifying  the  substance  of  Muscle  with  the  Fibrin  of  the 
Blood  prevailed  amongst  Chcminits  and  Phjaiologists,  the  idea  ctated  abore  woald  Itave  had 
little  weight:  bnt  now  that  we  know  that  no  special  relation  between  them  exists,  we  are 
free  to  Attribute  the  dource  of  the  Moaoalar  atrocture  to  whicheircr  component  of  the 
Blood  aeciDa  most  likely  to  afford  it ;  and  in  the  absence  of  iiny  verj  positive  diatinctiou 
between  the  compoeition  and  properties  of  Albumen  and  Globulin,  the  peculiar  relation 

L between  the  mineral  coostitoente  of  Muaole  and  those  of  the  Red  Corpuacles,  seems  to  bu 
the  anrest  guide  that  we  can  adopt. 
***Manael  de  Physiologie,"  4i^n]e  edit.,  traduit  par  Jourdun,  torn.  i.  p.  92. 
*  See  Simon's  "Animal  Cheroiatry,"  translated  by  Dr.  Day,  pp.  97—100,  Am.  Ed.,  aoo 
Maeteid  "  l>er  Chemiamua  in  Thieriacheu  Organiaation." 
■       >2 
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Mffirmed  by  Lehmann,  however,  that  the  jtolution  of  the  wall  of  the  Corpusoles 
is  usually  rather  apparent  than  real  ;  for  that  in  very  few  caeos  is  it  actually  dis- 
solves],  being  generally  transf^irmed  into  a  mucous  or  gelatinous  condition,  in 
which  it  ceases  to  be  diatinjruisiiable,  in  consequence  of  its  co-effiplent  of  refrac- 
tion being  the  same  with  that  of  the  pliisma.  And  he  founds  this  conclusion, 
not  merely  upon  the  fact  that  the  capsule  19  often  made  visible  aji^in,  either  in  i's 
intcpcral  state  or  in  frajjraents,  by  the  addition  of  tincture  of  iodine  of  of  some 
Miline  solutiona ;  but  aliio  upon  the  viscid  and  glutinous  cnndition  of  the  blood, 
after  the  addition  of  dilute  organic  acid?,  alkaline  carbonates,  iodide  of  potu. 
siura,  and  other  Bubstancea,  For  these  reaajenta  do  not  reduce  either  the  liqnor 
Banguiuis  or  the  serum  to  a  state  in  which  it  can  be  drawn-out  in  threads,  and 
hence  this  must  depend  upon  the  presence  of  the  corpusclea;  whilst,  moreover, 
oD  iieulralizing  with  acids  or  with  alkalies  blood  which  has  been  thus  chans^d, 
or  fin  adding  to  it  a  solution  of  iodine  or  sulphate  of  Boda.,  the  cell-walls  of  the 
corpusclea  again  become  visible,  and  the  bhwd  loses  its  viscidity.  It  is  further 
reniarlvcd  by  Prof.  Lehmann,  that  some  of  the  Red  Corpupclcs  Tes\st  the  inflaence 
of  re:igeiite  much  more  than  others  do;  and  be  infers  that  the  latter  are  the 
uldi^r  cells,  as  having  the  strongest  tendency  to  disintegration  ;  whilst  tbo^e  which 
present  au  unusual  resisting  power,  he  infers  to  be  young  cells  which  have  not 
yet  acquired  the  normal  characters  of  the  red  corpuscles.' 

162.  The   Red   Corpu.scles,  when    freely  floating  iu  the  liquor  sanguinis  of 
blood  no  longer  in  motion,  exhibit  a  marked  tendency  to  approximate  one  an- 
other; usually  coining  into  contact  by  their  flattened 

ll'io-  ^*-  surfaces,  so  that  a  number  of  them   thus  aggregated 

g^   M  present  the  appearance  of  a  pile  of  coins  (Fig.  54,  h,  t) ; 

^  ^^         or,  if  the  stratum  be  too  thin  to  permit  them  to  lie  in 

9^  ^©  *  m  \'  this  manner,  partially  overlapping  one  another  (Fi™. 
64,  a),  or  even  adhering  by  their  edges,  which  then  fre- 
fi  qaenlly  become  polygonal  instead  of  circular.  The  cor- 
puscles when  thus  adherent,  resist  the  influence  of 
forces  which  tend  to  detach  thero,  and  will  even  undergo 
]  consideruble  changes  of  shape,  rather  than  sepante 
from  each  other;  if  forced  asunder,  however,  they 
Bcsnme  their  normal  form.  After  thus  remaining  adherent  for  a  time,  they  seem 
to  lose  their  attractive  force;  for  they  are  then  seen  to  separate  from  each  other 
spontaneou.sly.  This  peculiar  tendency  to  aggregation  is  doubtless  one  of  the 
circumstances  which  influences  the  coagulation  of  the  blood;  it  is  most  strongly 
manifested  in  inflammatory  blood,  and  assists  in  the  production  of  the  buffy  coat 
(§  205) ;  whilst,  on  the  other  hand,  it  seems  to  be  neutralized  by  the  action  Q^^ 
most  saline  substances,  since,  if  these  be  added  to  the  blood,  the  corpuscles  c^^| 
not  run  together.  ^^M 

163.  Besides  the  red  corpuscles  of  the  Blood,  there  are  others  which  possess 
no  colour,  and  might  seem  to  have  a  function  altogether  different ;  these  are 
known  aa  the  White  or  eoimtrktt  corpuscles.  Their  existence  has  long  been  re- 
cognized in  the  blood  of  the  lower  Vert^brata,  where,  from  being  much  smaller 
than  the  red  corpuscles,  as  well  as  from  differing  widely  in  shape,  they  conld 
readily  be  distinguished  (Fig.  53,  c).  But  it  is  only  of  late  (chiefly  through  the 
researches  of  Gulliver,*  Addison,'  and  others),  that  they  have  been  recognized 
in  the  blood  of  Man  and  other  MammidiQ ;  their  size  being  nearly  the  same 
with  that  of  the  rod  corpuscles ;  and  the  general  tppeanincc  of  the  two  (owing 
to  the  circular  form  of  the  latter,  and  the  absence  of  a  central  nacleus.)  being 
less  diverse  (Fig.  55),  It  is  remarkable  that,  notwithstandi  ng  the  great  variations 
in  the  size  of  the  red  corpuscles  in  the  diflercnt  classes  of  Vertebrata,  the  dimen- 

'  Op.  cit,.  vol.  ii.  pp.  \M,  la^i.  , 

■  Notes  an<l  .IppeadiK  lo  Trajisslation  of  "  Gerber's  Gpnprnl  .^natntny  " 

■  "  Tninaacti'jLS  of  Proviuciul  McJicuI  Associution,"  1812  and  1843. 
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sions  of  the  cohuri^'Jtii  oorpiigcles  are  extremoly  corst-vnt  thrnuKhont ;  their  (liamcter 
Wng  seldom  much  prea(er  or  less  than  l-30(IOlh  of  an  inch  in  the  warcD-hk»oded 
VertebratA,  and  l-2500th  of  nn  inch  in  Eeptiles.  This  holds  pood  even  in  those 
animals,  — such  as  the  Musk- Deer,  and  the  Proteus,  —  whit-h  present  the  widest 
departare  from  the  general  standard  in  the  size  of  their  red  corpasclea;  so  that 
the  colourless  corpuscle  is  as  much  as  four  times  the  diameter  of  the  red,  in  one 
iastance ;  whilst  it  is  not  one-eig;hth  of  the;  long  diameter  of  the  red,  in  the 
other. — The  aspect  of  the  Colourless  corpuscles  under  the  microscope  is  by  no 
means  constaot;  but  their  variations  seem  to  depend  upon  their  degree  of  de- 
velopment, and  all  gradations  from  one  condition  to  Another  may  be  readily 
traced.  In  their  early  state  (in  which  they  most  resemble  the  corpuscles  of  the 
chyle  and  lymph),  the  cell-membrnne  can  scarcely  be  distinguished  from  the 
large  nucleus  to  which  it  is  applied  (Fig.  55,  a,  U)} 
unless  the  cell  be  distended  with  water  or  acetic  acid, 
which  enables  us  to  see  that  the  nucleus  is  a  sofi 
pnnular  tuberculated  mass,  which  is  disposed  to  breaks 
up  readily  into  two  or  more  fragments,  especially  if 
acetic  acid  be  added  (e,  e).  In  a  later  stage,  how- 
ever, the  nucleus  is  easily  distiniruished  without  the 
use  of  water  or  reagents ;  but  sometimes  we  find  it 
apparently  dispersed  spontaneously  into  numerous  iso- 
lated particles,  which  give  to  the  entire  cell  a  some- 
what granular  and  tuberculated  aspect,  and  which 
may  frequently  be  seen  in  molecular  movement  within 
it:  when  these  corpuscles  are  treated  with  a  dilute 
Bolution  of  potash,  they  speedily  hurst  and  discharge 
their  granules,  who.se  molecular  movement  still  con- 
tinues. The  Colourless  corpuscles  possess,  moreover, 
a  higher  refracting  power  tiiao  the  red ;  from  which 
they  are  further  disiinguLshed  by  their  greater  firm- 
ness, and  by  the  absence  of  any  disposition  to  adhere 
to  each  other ;  so  that,  when  a  drop  of  recent 
blood  is  placed  between  two  strips  of  gloss,  and  these 
ar*  gently  moved  over  one  another,  the  white  corpus- 
cles may  be  at  once  recognized  by  their  Boritariness,  in  the  midst  of  the  rows 
and  irregular  masses  formed  by  the  aggregation  of  the  rod.  This  is  still  better 
seen  in  inflammatory  blood;  in  which  the  Red  corpuscles  have  a  peculiar  ten- 
dency to  adhere  to  one  another,  so  that  the  distinctness  of  the  White  is  more 
marked  (Fig.  63). 

164.  The  Colourless  corpuscles  may  be  readily  distinguished  in  the  blood  cir- 
culating through  the  small  vessels  of  the  Frog's  foot;  and  it  is  then  observable 
that  they  occupy  the  exterior  of  the  current,  where  the  molion  of  the  fiuid  ia 
slow,  whilst  the  red  corpuscles  move  rapidly  through  the  centre  of  the  tube 
(Fig.  56).  The  Colourless  corpuscles,  indeed  often  show  a  disposition  to  adhere 
to  the  walls  of  the  vessols;  which  is  manifestly  increased  on  the  application  of  an 
irritant.  Hence  the  idea  naturally  arises,  that  (to  use  the  words  of  Mr.  Wharton 
Jones)  "  there  is  some  reciprocal  relation  between  the  colourless  corpuscles,  and 
the  parts  outside  the  vessels,  in  the  process  of  nutrition.  Of  the  naturo  of  this 
relation  we  have  no  certain  knowledge  j  but  if  the  Red  corpuscles  discharge  the 
fttoction  which  has  been  suggested  for  them  (§  160),  of  preparing  the  niitrtent 
material  for  muscle  and  nerve,  it  may  not  be  deemed  improbable  that  the  Colour- 
less corpuscles  should  perform  a  similar  office  for  the  other  albuminous  tissues. 
A  very  ren»arkable  spontaneous  change  of  form  has  been  obi5erved  by  Mr.  Whar- 
ton Jones  to  take  place  in  the  Colourless  corpuscles  whilst  being  examined  under 
the  microscope ;'  aud  this  not  only  in  the  blood  of  Man,  but  in  that  of  animah 
•  "Philosophical  TranaaotioDs,"  1846,  pp.  64,  71,  90,  &c. 
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the  Thoracic  duct,  seaa  uti 
thdr  flat  ciUe  nt  a,  nnd  edge- 
Ktae  at  b;  r,  c,  the  vncne, 
with  ohviuuR  nuclei ;  d,  d, 
larger  cells,  with  originally- 
oiulliple  nuclei;  e,  t,  tho 
tnme,  tr«iited  vith  aoetio 
acid,  Bhairiog  the  breaking- 
up  of  the  DQctei. 


180 


OF    THB    blood; 


Fio.  66. 


A  tmill  TcBoui  trunk,  a,  from  the  Web 
of  tkt  Froy't  fool;  h,  h,  cells  of  pavement- 
epitheHnm,  ooDtaining  nacteL  In  the  apua 
between  (he  current  of  ot«1  Blood-corpns- 
clei,  and  the  walla  of  the  ressel,  the  round 
tnuiipvoDt  eolourleaa  corpuaolea  are  anen. 


of  all  the  Vertebrated  classes,  as  also  in  tbat  of  Tnvcrtebrata,  whoge  only  cor- 

puscleii  are  of  this  character  (§  165).    From 
some  point  of  their  circumference  a  pro- 
trusion  of  the  cell-wall  takes  place,  the 
form   of   which    seems   quite    indefiaite; 
soon  afterwards,  another  protrusion  maj  be 
seen  to  arise  from  another  part  of  the  cell, 
the  first  being  either  drawn-in   again,  or 
remaining  as  it  was ;   and  thus  the  oonfi- 
garation  of  the  corpuscles  may  be  soea  to 
undergo  several  changes  before  the  process 
finaHly   ceases,    and   this   whilst    they  are 
floating  in  their  own  seruro,  and  the  red 
oorpusclee  are  lying  quite  passive  in  their 
immediate   vicinity.      These   changes  of 
form  (which  bear  a  striking  resemblance 
to  those  of  the  Proteus-cell)  are  aflSnncd 
by  Dr.  Davaine'  to  be  visible  even  whilst 
the  blood  is  circulating  through  the  ve»> 
sels,  in  those  colourless  corpuscles  wbioh 
are  retarded  by  attraction  to  their  walls. 

165.  The  proportion  which  the  White  or 
Colourless  corpuscles  bear  to  the  Red,  is 
very  small  in  the  blood  of  Man  and  the 
higher  Vertebmta ;  being,  in  the  state  of 
health,  according  to  the  estimate  of  Moleschott  (which  is  confirmed  by  Kolli- 
ker')  not  more  than  2-55  to  1000.  It  may  undergo  a  great  increase  in 
disease,  however,  as  will  be  shown  hereafter  (§  191).  In  the  oviparous  Verte- 
brata,  the  proportion  is  higher;  thus  it  has  been  observed  by  Wagner*  to  be  as 
1 :  16  in  the  blood  of  a  Frog  examined  in  February,  and  as  1 :  6  in  similar  blood 
examined  in  August.  In  one  Vertebrated  aniiuiil,  the  Amphioxus,  the  Red  cor- 
puscles are  wanting  altogether,  their  place  in  the  circulating  blood  being  taken  by 
the  Colourless.  And  in  the  Invertebrate  series  generalty,  the  corpuscles  of  the 
circulating  fluid  correspond  rather  to  the  colourha  corpuscles  of  the  Blood  of 
Vertcbrata,  and  to  the  corpusicles  of  Lymph  and  Chyle  (which  may  be  regarded 
as  the  same  bodies  in  an  eeu'lier  stage  of  development),  tKan  they  do  to  the  red 
corpuscles,  which  are  p>ecutiar  to  Vertebrata.*  Thus,  in  one  of  its  roost  charao> 
teristio  features,  the  Blood  of  Invertebrata  (and  of  Aniphioius)  may  be  likened 
rather  to  the  Lymph  and  Chyle  of  Vertebrated  animals  than  to  their  Blood ;  and 
this  resemblance  is  strengthened  by  the  fact,  that  there  la  no  distinction  in  thf« 
former  between  the  absorbent  and  the  sanguiferoua  vessels,  which,  in  the  latter 
oont&in  the  nutritious  fluid  in  its  earlier  and  in  its  latter  stages  of  development 
Moreover,  the  earliest  blood-corpuscles  of  the  embryo  of  even  the  highest  Ver- 
tebrata are  colourless ;  and  long  after  the  blood  has  acquire*?  ^ts  characteristic  hue 
'  from  the  development  of  red  corpuscles,  the  colourle??  .t-pusoles  bear  a  very 
large  proportiou  to  the  red,  so  as  even  to  equal  them  il.  number  (as  the  author  ii 
,  informed  by  Mr.  Gulliver)  in  the  blood  of  foetal  Deer,  an  inch  and  a  half  long, 
Mid  absolutely  to  prepun derate  in  the  blood  of  still  smaller  embryoes. 

166.  There  can  be  no  doubt  that  both  the  Red  and  the  Colourless  corpusclea 
bare,  like  other  Cells,  a  definite  term  of  life ;  and  that,  whilst  somo  are  tindeigo- 

*■  "  Mdmoirea  de  la  Society  de  Biologie,"  torn.  ii.  pp.  103^ — 5. 

•  "Manual  of  Human  Histology,"'  (Sjdeabttm  Society's  edition),  vol.  S.  p.  830. 

•  "ElemeDta  of  Thyaiology,"  translated  by  Dr.  Willis,  p.  246. 

•  8e«  Mr.  Wbarton  Joaes'a  Memoirs  on  '  Ibe  Blood  Corpuscle  considered  in  its  different 
PhAMS  of  DeielopmeDt  in  (he  Animtil  Series,'  in  the  "  Philos.  Trans.,"  1846;  also  "  Prina 
of  Comp.  Phys.,"  4tb  od.  \\  379—382. 
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ing  disintegration,  others  are  in  a  Htate  of  advancing  development  to  supply  t!ieir 
places,  so  that  the  entire  mass  of  both  is  umlergoiug  ooniinual  c-bimge.  That  a 
new  production  of  Red  corpuscles  may  take  place  with  cooBiderable  rapidity,  we 
have  evidence  in  the  rapid  rcstoratioa  of  their  normal  proportion  after  it  has 
been  lowered  by  haemorrhage  (§  178),  and  in  the  speedy  increase  which  may  be 
effected  in  their  amount  in  blood  in  which  they  have  hoea  excessively  dimiui.*hed 
by  disease  (|  190)  ;  this  being  especially  promoted  by  the  administration  of  Iron, 
and  by  a  generous  diet.  On  the  other  hand,  various  appearances  indicative  of 
degeneration  may  be  seen  in  the  Red  corpuclea;  and  thia  especially  in  the  blood 
of  the  Oviparous. Verterbrata,  which  usually  contains  corpuscles  almost  destitute 
of  colour,  and  having  a  shrunken  or  eroded  aspect,  their  nuclei,  however,  present* 
ing  a  remarkable  distinctness.  That,  under  cerLiin  circumstances,  such  a  degen- 
erating process  takes  place  with  great  rapidity  in  the  blood  which  circulates  through 
the  Spleen,  may  b«  ascertained  almost  beyond  a  doubt  (§§  142,  lit,  184),  Of 
the  oniinary  duration,  however,  of  the  life  of  cither  the  lied  or  the  Colourless 
corpuscles,  we  havo  not  at  present  any  means  of  making  an  approximative  estimate. 
The  question  now  arises,  in  what  manner  the  two  classes  of  Corpuscles  are  respec- 
tively developed,  and  whether  they  have  any  relationship  to  each  other. 

167.  That  the  fully-developed  Red  coqiuscles,  when  ceasing  to  exist  as  such^ 
do  not  give  origin  to  new  corpuscles  of  the  same  kind,  may  now  be  asserted  (not- 
withstanding the  statements  of  former  observers)  to  be  the  concurrent  opinion  of 
nearly  all  who  have  in  recent  times  specially  devoted  themselves  to  this  inquiry. 
Ihejirst  Rod  corpuscles  unquestionably  have  their  origin,  like  the  original  cells 
of  the  solid  tissues,  in  tho  primordial  cells  of  the  germinal  structure ;  and  it  is 
io  the  so-called  '  vascular  layer'  of  the  '  blastodermic  vesicle'  (chap.  xvi.  Sect.  4), 
and  in  the  mass  of  cells  which  eonstitutes  the  rudiment  of  the  heart,  that  this 
metamorphosis  seems  first  to  take  place.  The  situation  of  the  heart,  and  the 
coorae  of  the  principal  trunks  of  the  'vascular  area,'  are  early  marked-out  by 
the  peculiar  disposition  of  the  aggregations  of  cells  from  which  those  organs  are 
to  be  developed ;  and  whilst  the  oufer  portions  of  these  aggregations  are  trans- 
formed into  the  tcal/is  of  the  respective  cavities,  tho  inner  portions  seem  partly  to 
deliqneaoe,  and  partly  to  remain 

u  isolated  cells  floating  in  the  *  [Fio.  sr. 

liquid  thus    produced.       These  A  ^  o 

isolated  cells  are  the  first  blood- 
corpuscles;  and  the  following 
account  of  them  is  given  by  Mr. 
Paget,'  who  has  made  them  the 
subject  of  careful  study,  "  As 
described  by  Vogt,  Kolliker, 
and  Cramer,  they  are  large 
colourless  vesicular  spherical 
cells,  fall  of  yellowish  panicles 
of  a  substance  like  fatty  matter ; 
many  of  which  particles  are 
quadrangular  and  flattened,  and 
have  been  called  stearine-plutes 
(Fig.  67),  though  they  are  not 
proved  to  consist  of  that  or  any 
other  unmixed  fatty  substance. 
Among  these  particles  each  coll  has  a  central  nucleus,  which,  however,  is  at 
first  much  obscured  by  them.  The  development  of  these  embryo-cells  into  the 
complete  form  of  the  corpuscles  is  effected  by  the  gradual  c!earing-up,  aa  if  by 

*  Tliia  nccount  ia  cited  from  Mc-seri.  Eirkes  and  Paget'a  "  Hand-book  of  Physiology." 

(pp.  62 6  Am.  Ed.),  in  which  it  appears  as  an  abstract  of  a  part  of  Mr.  Poget's  Lecturet  on 

the  '  life  of  the  Blood,'  delivered  at  the  College  of  Surgeons  in  1848. 
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itAgei  in  the  transition  of  the  embryo-cell  to  a  blood-eor- 
pu»cle,  ai  described  in  the  text.  r.  A  fully'rormcd  blood- 
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division  and  liqoefaction,  of  tbe  contained  particles,  the  acquireinent  of  blool- 
oolour  &ud  of  the  elliptical  form,  the  flattening  of  the  cell,  and  tbe  aiore  prouii- 
Dont  appearance  of  the  nucleu«."  The  process  ap- 
pears to  be  essentially  the  same  in  the  Fish,  the  Rep- 
tile, a»d  tbe  Bird ;  but  it  takes  place  too  rapidiv  io 
the  latter  cla.<»  for  its  stages  to  be  olearlj  distin- 
guished ;  whilst  in  tbe  tadpole  tbe  changes  occur  ?o 
slowlj  that  tbej  can  be  traced  in  the  bloc^  even  whtk 
it  circulates, — Tbe  history  of  tbe  development  of 
the  first  red  corpuscles  in  Mammalia  is  nearly  the 
same ;  but  a  binary  multiplication  of  these  bodies  by 
subdivision  (Fig.  58)  has  been  observed  in  tbem  bv 
Prof  Kolliker'  and  others,  which  has  not  been  noticed 

•  ^^^      elsewhere.     In  wutehiti,nj  tbe  stages  of  this  process  it 

c  is  seen  that  the  partition  of  the  nucleus  tukes  place 

^  completely,  before    that   of  the  ceil  itself  has  com- 

"  menced.     The  blood-corpuscles  of  tbe  Human  embryo 

tliofl  formed,  are  described  by  Mr.  Paget  as  **  cir- 
cular,  thickly  disc-shaped,  full-coloured,  and,  on  an 
average,  about  l-25U0th  of  ««  inch  iu  diaiueter;  their 
nuclei,  which  are  about  l-DUOOth  of  an  inch  in 
diameter,  are  central,  circular,  very  little  prominent 
oti  tbe  surfaces  of  the  cell,  and  apparently  slightly 
granular  or  tuberculated.  In  a  few  instances,  cells 
are  fuund  with  two  nuclei ;  and  such  cells  are  usually 
large  and  elliptical,  with  one  of  the  nuclei  near  each  end  of  the  long  axis."  — 
When  the  Liver  begins  to  be  formed,  this  multiplication  of  blood-cell.s  in  the  enliM 
mass  of  the  blood  ceases,  and  in  a  short  titne  all  tnice  of  the  development  of  the 
red  out  of  the  original  colourless  formative  cells  is  lost;  whilst,,  on  the  other 
hand,  there  takes  place  in  the  vessels  of  the  liver  a  new  production  of  colourlt-sa 
nucleated  cells,  which  ore  formed  around  free  nucki,  and  which  undergo  a  gra- 
dual change  {by  the  development  of  colouring  matter  in  their  interior)  into  red 
Ducleated  cells  resembling  those  of  the  first  br<>od.  According  to  Kbilike]*  (Op. 
cit.  p.  343),  this  new  formation  of  blood-corpuscles  in  the  liver  continues  to 
take  place  during  the  whole  of  the  fuctal  life  of  Mammalia,  as  in  Birds  during 
incubation  (§  132).  Whether  these  nucleated  cells  themselves  undergo  a  trans- 
formation into  the  non-nueleatod  discs  characteristic  of  Mammalia,  which  consti- 
tute a  gradmilly-iijcreasing  proportion  of  the  corpuscular  components  of  the  blood 
during  the  latter  period  of  embryonic  life,  or  whether  these  are  formed  only 
by  the  metamorphosis  of  lymph-curpuacleg,  has  not  yet  been  ascertained. 

168.  That  after  the  Chyle  and  Lymph  have  begun  t*>  flow  tuto  the  circulating 
current,  the  continued  gctierutioQ  of  Red  corpuscles  is  due  to  the  progre.«isive  me- 
tamorphosis of  the  corpuscles  of  those  iuids,  is  an  opinion  which  has  come  of 
late  to  be  very  generally  received  amongst  Physiologists ;  it  may  be  found,  how- 
ever, to  require  some  tnodification.  It  rests  upon  facts  of  three  different  orders : 
— 1st,  the  presence,  ia  the  blood  of  oviparous  Vertebnita,  of  corpuscles  exhibit- 
ing what  appear  to  be  intermediate  gradations  of  development  between  Lymph- 
corpuscles  and  their  nucleated  Red  corpuscles;  and  this  especially  in  blood  in 
which  an  unusually  rapid  development  of  red  corpuscles  is  taking  place,  to  make- 
up for  previous  loss ;  -ud,  frequent  ruddiness  in  the  hue  of  the  fluid  of  the 
Thoracic  duct,  which  seems  to  depend  upon  the  incipient  development  of  Ha>ma- 
tine  in  some  of  its  flouting  corpuiwles;  and  3rd,  the  progressive  transition  from 
OQO  form  to  the  other,  which  may  be  observed  in  the  ascending  scale  of  animal 

*  See  hi»  Memoir,  '  Ueber  die  BlUtkorperchen  cinto  menBclilichea  Embryo,'  &c..  ia 
"  Zeitschrifl  fur  rntion.  Med.,"  lB4ti;  and  his  "Manual  of  Huroaa  Histology"  ^S^deiihkm 
Society's  ediiijouj,  p.  342. 
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existcDce.  To  these  cotiMcleratiuDs  may  be  added,  the  absence  of  any  other 
mode  of  productioD  that  ouq  be  suggested;  sioce  the  idea  of  the  seif-tiiultipli- 
cation  of  the  Red  corpuscles  is  almost  certainly  erroneout^,  atid  no  special  orpua 
can  be  assigned  as  the  seat  of  their  goncriUioa.  As  to  the  modes  in  wbich  the 
nOD-Ducleated  Red  corpuscles  of  Mauuualian  blood  are  produced  from  the  Colour- 
less or  Ljmph-corpusclesi,  there  are  two  very  dissimilar  opinions  j  the  entire 
lymph-corpuscle  being  ihoB  metamorphosed  into  the  red,  iu  the  opinion  of  Bonie, 
whilst  it«  nuchut  alone,  set-free  by  the  dissolution  of  the  surrounding  cull, 
becomes,  in  the  opinioa  of  others,  the  ultimate  red  corpuscle.  The  trnnsition- 
Btages  of  the  process,  as  they  are  seen  in  the  Ilurimn  blood,  are  thus  described 
by  Mr.  Paget,'  who  adopts  the  first  of  these  opinions,  "The  white  c*^rpus('le, 
*t  first  tuberculated,  cuutaiuing  muuy  gruuules,  and  darkly  shaded  (^Fig.  59), 

[Fie.  69. 


/-^ 


• 


DeT«loptneQt  of  baman  lymph  ind  chjle  eorpmolti  Into  red  corposclci  of  Blood,  a.  A 
lymph,  or  while  blood-corpnscle.  B.  The  Mme,  in  prorfen  of  conversion  into  k  red  corpuicle. 
c.  A  Ijmph-corpnaolo,  with  the  c«ll-wall  rautd  up  aronnd  it  bj  the  action  nf  w»ter.  P.  A 
lymph -corpufcle,  from  which  the  granalu  bare  almost  disappeurctl.  b.  A  lympb-corpuf'Cle,  ao- 
<}iiihiig  oolor;  a  single  gramile,  like  a  nucleus,  remuoj.     r.  A  red  corpascle,  fully  dl«rcloped.] 

becomes  smoother,  paler,  less  granular,  and  more  dimly-shnded  or  nebulous. 
Id  these  stages  the  cell-wall  may  be  easily  raised  from  il3  contents  by  the  con- 
tact and  penetration  of  acetic  acid,  or  by  the  longtT  action  of  water ;  and,  accord- 
iog  to  the  stage  of  development,  so  are  the  various  appearances  which  the  cnn- 
tents  of  the  cell  thus  acted-on  present.  In  the  regular  progress  of  development, 
it  becomes  at  length  impossible  to  raise  the  cetl-wiiU  from  its  contents.  Then 
the  corpuscles  acquire  a  pale  tinge  of  blcKKi-colour ;  and  this  always  coincides 
with  the  softening  of  the  shadows  which  before  made  them  look  nebulous,  and 
with  the  final  vanishing  of  all  the  gninules,  with  the  ezceptiou  sometimes  of 
one,  which  remains  some  time  lotjger  like  a  shintng  particle  in  the  corpuscle,  and 
has  probably  been  often  mistaken  for  a  nucleus.  The  blood-colour  now  deepens, 
aod  at  the  same  rate  the  corpuscles  become  smooth  and  uniform;  biconcave, 
having  previously  changed  tlie  nearly  spherical  form  for  a  lenticular  or  flattened 
one;  smaller,  apparently  by  condensation  of  their  substance,  for  at  the  same 
time  they  become  less  amenable  to  the  influence  of  water;  more  liable  to  corru- 
gation and  to  collect  in  clusters;  and  heavier,  so  that  the  smallest  and  fullest- 
coloured  corpuscles  always  lie  deepest  in  the  field.  Thus  the  most  developed 
»tate  of  the  Mammalian  red  corpuscles  appears  to  be  that  in  which  they  are  full- 
coloured,  circular,  biconcave,  small,  uniform,  and  heavy ;  this  is  also  the  state  in 
which  they  appear  to  live  the  longer  and  most  active  portion  of  their  lives."  On 
the  other  hand,  Mr.  Wharton  Jones  has  adduced  ver^'  cogent  evidence,  dc'rivcd 
chiefly  from  a  comparison  of  the  sizes  of  tlie  true  red  corpuscles  of  different 
Mtmniids,  with  those  of  the  nuclei  of  the  nucleated  corpuscles  which  their  blood 
OODtains,  that  the  former  are  the  equivalents  of  the  latter,  in  a  state  of  higher 
'  "  Hasd-Book  of  Fhysiologjr,"  pp.  6o — 6,  Am.  Ed, 
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Phittea  of  ikt  iiHmnii 
h\'<>id  '  eorpuiclat  —  after 
Wbru'ton  Jones,  a  and  6, 
p-aaale  cells  in  die  cosate- 
\y  and  finely  grnculated 
■tale  ;  c  and  if,  Ducl«at«d 
cells;  c>  withoat  colour, 
and  d,  witb  colour ;  «,  free 
aellffi-form  narlcus,  a  per- 
fect red  corpuscle.] 
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development  J  having  acquired  a  vesicular  character,  and  having  their  interior 
occupied  by  glohuline  and   ha^matine.     This  view  cer- 
tainly harmonizes  well  with  the  fact,  which  can  gcaitelj 
be  explained  on  the  preceding  hypothesis,  that  the  reil 
corpuscles  of  most  Mammalia   are   tmallcr  (often  vei 
much  so)  than  the  nucleated  cells  in  which  they  ori| 
Date '  (Fi^.  60), 
0,  169.  TirnSf  then,  the  Chyle  and  Lymph  Beem  to  be 

^^  !^         continually  supplying,  not  merely  the  pabulum  for  or- 

mKa  ^^w      ganiziitifln  derived  from  the  food,  whereby  the  eompo- 

^pf  ^p^       nenta  of  the  liquid  part  of  the  blood  are    replenished 

*  as  fast  as  they  are  withdrawn  ;  but  also  the  rudimentary 

corpuscks  which  are  to  be  progressively  metamorphosed 
into  the  coloured  discs  that  float  in  it«  current.  —  A  re- 
markable correspondence  has  been  pointed-out  by 
Wharton  Jones  (loo.  cit.)  between  the  successive 
presented  by  the  Blood-corpuscles  in  the  animml 
and  those  through  which,  according  to  the  views 
stated,  the  Red  corpuscle  passes  iu  attaiiiiii^  its  complete 
fonn  in  the  highest  animal.  For  in  the  blood  of  the  In- 
vertebrata,  as  in  the  chyle  and  lymph,  and  occasionally  in 
the  blood,  of  Vertehrata,  are  found  *  coarse  granule- 
cells,'  which  seem  to  be  in  the  first  stage  of  development, 
and  '  fine  pTnnule-cella,'  which  may  be  regarded  as  in  the  second.  These  lead-on  to 
the  *  colourlefw  nucleated  cell,'  which  is  the  highest  form  presented  by  the  corpus- 
cles in  Invertebrated  animals,  but  is,  as  we  have  seen,  a  mere  transitional  stage  of 
brief  duniti^D  in  those  of  Vertehrata.  The  'coloured  nucleated  cell,'  again,  is  the 
highest  form  of  red  corpuscle  in  the  Oviparoua  Vertehrata ;  and  thia  corresponds 
with  the  first-formed  red  corpu&cle  of  embryonic  Mammalia.  The  *  red  corpuscles' 
of  the  fully- formed  blood  of  the  latter  are  to  be  regarded  as  exhibiting  that  highest 
phase  of  development,  in  which  the  nucleus,  having  escaped  from  its  parcnl-ccll, 
itself  assumes  much  of  the  cellular  character.  In  its  early  state,  this  '  cellae-form 
nucleus'  is  uncoloured;  but  it  so  soon  acquires  the  red-hue,  that  it  is  rarely  met^ 
with  in  its  earlier  state.  —  Fully  admitting,  however,  that,  in  one  mode  or  the 
other,  the  Red  corpuscle  is  originally^  developed  from  the  lymph-globule,  and  that 
this  is  also  the  source  of  the  Colourless  corpuscle,  still  it  would  seem  quite  post>ible, 
thut  the  Red  and  the  Colourless  corpuscles  are  to  be  regarded  as  two  distiuet  and 
eotuplete  forms,  neither  being  capable  of  metamorphosis  into  the  other,  and  each 
liaving  a  specific  purpose  to  ser^'e  in  the  economy.  For,  so  far  as  can  be  judged 
by  appearances,  there  is  a  close  correspondence  between  the  Colourless  corpuscles 
and  the  corpuscles  of  those  "  Vascular  Glands  "  which  are  developed  in  counection 
with  the  Absorbent  and  Sanguiferous  systems,  and  which  seem  to  have  it  for  their 
ofHue  to  assist  in  elaborating  the  nutrient  materials  of  the  blood  (§§  148,  149). 
And  there  are  many  indications,  as  will  hereafter  appear,  that  their  function  is  not 
dissimilar;  whilst,  on  the  other  hand,  there  ia  no  correspondence  between  the 
Red  and  the  Colourless  corpuscles,  cither  as  to  their  proportionate  development, 
or  as  to  their  relations  to  the  system  generally  in  health  and  disease  (§§  190, 
191).  —  It  may  be  surmised,  then,  that  if  the  principal  part  of  the  lymph-glo- 
bulea  really  go-on  to  be  developed  into  Red  corpuscles,  a  part  may  undergo  a 
different  course  of  evolution  and  may  become  Colourless  corpuscles  of  the  blood; 
mid  that,  having  once  acquired  the  latter  condition,  they  do  not  pass  beyond  itj 
but  continue  to  present  it  during  their  remaining  term  of  life.  Such  a  diverse 
mode  of  evolution  from  germs  that  appear  to  be  dissimilar,  cannot  he  thought  in 

*  See  rhiloBophicol  TranBactlona,"  1646,  pp.  75 — 79.  —  Mr.  Wharton  Jones's  views  oa 
this  point  have  been  adopted  by  Messrs.  liuak  and  HuxJej;  see  their  translatido  of  Prof. 
KoHiker'e  "  Human  Hidtoldgy"  (Sydenham  Society's  edition),  roL  iL  p.  M'4 
<'  QuurL  Joum.  of  Mtcroso.  Scieuoe,"  vol.  i.  p.  145. 
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itself  improbable,  wben  it  i8  borne  in  mind  tbat  all  tbe  tissues  have  their  origin, 
directly  or  indirectly,  in  the  cells  of  tbe  eiubryonic  tnass,  among  which  not  the 
s)i)?fatetit  difference  can  be  observed ;  and  that,  whatever  is  to  be  the  ultimate 
destination  of  cells  at  any  period  of  life,  their  early  aspect  is  for  the  most  part 
extremely  uniform. 

170.  Composition  of  the  Bloo^.  —  The  principal  constituenta  of  tbe  Blood 
having  been  thus  separately  described,  we  have  now  to  inquire  into  the  mode  in 
which  they  are  associated  in  the  liquid  as  a  whole,  and  tbe  proportions  in  which 
they  severally  present  themaeivea.  These  are  subject,  even  within  the  Hnjits  of 
health,  to  considerable  variations;  eoroe  of  which  seem  to  depend  upon  the  con- 
8titutii>n  of  the  individual,  his  diet,  mode  of  life,  &c. ;  whilst  others  arc  probably 
referable  to  the  period  at  which  the  last  meal  was  taken,  and  the  amount  of 
bodily  exertion  made  within  a  short  time  previous  to  the  analysis.  Hence  no 
single  analysis  could  represent  the  average  composition  of  the  blood,  even  if  it 
♦ere  itself  chemically  accurate;  but  there  are  difBculties  in  tbe  way  of  quanti- 
tatively determining  with  precision  the  several  components  of  the  blood,  which 
interpose  a  new  source  of  uncertainty  and  error.'     Pcrbups  in  the  present  state 

*  The  marked  discrepancy  observable  between  the  results  obtained  by  difTerent  analysts, 
•specially  in  regard  to  the  relative  proportions  of  albumen  and  corpuscles,  arii>e8  in  great 
degree  from  the  diftrenee  of  the  method*  of  unalytit  tmph^td,  as  baa  been  recently  proTed 
by  M.  Gomp-Besanei  ("Joum.  fur  prakt.  Chem.,"  bund  1.  p.  846).  For  he  foand  that 
Kben  four  samples  of  the  same  blood  were  exatnincd  by  the  roethoda  adopted  by  four  dif- 
ferent esperimentera  respectively,  the  results  were  as  folkiwa. 

The  &nit  specimeQ  was  the  blood  of  a  vigorous  man  fifty  jevn  old : — 

Sotaemr. 

"Water ~ 7t>6  98 

Solid  matters » 203  07 

Fibrin 1-95 

Corpuscles 116  16 

Albumen 58-82 

BxtractiTe  matter  and  salts..     27-14 


Orcquerel 

■ml  ItcMlicr. 

796-98 

203  07 

790-93 
203-07 

Gornp- 
BpunML 
796-93 
203  07 

1-96 

117-82 

Bn-87 

19-43 

1-95 

103-23 
60-84 
47-06 

1-96 
103-23 

70-75 
2714 

twenty  years 

umI  KoUiir. 
783  68 
216-37 

old;— 

R0il6u 

788-63 
216-87 

Qonip* 
BoMnaa. 
788-63 
216-87 

1-56 

181-52 

6591 

1788 

1-56 

116-12 

61-76 

47-93 

1.66 

11512 

62-74 

86G5 

Bcbenir. 

Water 783  63 

Solid  matters 216-87 

Fibrin 1  -56 

Corpnscles 113-54 

Albumen 64  32 

Extractive  matter  and  salts.     86-95 

As  the  greater  number  of  rcsulta  hereafter  to  be  cited,  have  been  obtained  by  ths 
Bietbod  of  MM.  Prevost  and  Dumas,  which  has  been  followed,  with  alight  nodifications, 
by  MM.  Andral  and  Gavarret  ("Essai  d'lltcmatologie  Pathologique"),  and  by  MM.  fiec- 
querel  and  Kodier  ("Recherches  sur  la  Composition  da  Sang,"  &c.),  it  will  be  advan- 
tJigeooB  here  to  describe  it. — The  blood  which  is  being  drawn  for  analysis,  is  received  into 
two  different  vessels,  the  Brst  and  the  last  quarters  of  the  whole  amount  into  one,  an-^  the 
second  and  third  quarters  into  the  other;  in  this  manner,  the  similarity  of  tbe  two  rjuan- 
titiea  is  secured  as  far  as  possible.  The  blood  in  one  vessel  (a)  is  allowed  to  coagulate 
spontaneously;  that  contained  in  the  other  (n)  is  beaten  with  a  small  rod  in  order  to  sepa- 
rats  tb«  fibrin.  When  tbe  coagulation  has  fully  taken  place  in  a,  the  serum  is  carefully 
separated  from  the  crassamentuni ;  and  there  are  then  dried  and  weighed, — 1.  The  Fibriu 
obtaiDCd  by  the  rod  (b); — 2.  The  entire  Crassamcnlum  (aJ  ; — 3.  The  Serum  (a).  The 
weight  of  the  separated  fibrin  gives  the  amount  of  it  oontained  in  the  clot.  The  weight 
of  the  dried  residue  of  the  serum  gives  the  proportioa  of  its  solid  matter  to  its  water. 
Tbe  quantity  of  water  driven-off  from  the  clot  in,  drying,  gives  the  amount  of  serum  it 
contained;  from  which  may  be  estimated  the  quantity  of  the  solids  of  the  serum  coatnined 
in  the  erassamentum.  Hence  by  deducting  from  the  weight  of  tbfi  whole  dried  clot,  first 
the  weight  of  the  fibrin  separated  by  stirring,  and  then  that  of  the  solid  matter  of  the 
•erum  ss  obtained  by  calculation,  we  obtain  as  a  residue  the  weight  of  the  corpuscles.  In 
order  to  aflcertaiu  the  whole  amount  of  solid  iiuitter  iu  the  serum,  that  which  was  ascer- 
taiaed  by  ctUculatiou  to  exist  ia  the  coagulum,  must  be  added  to  that  which  WM  obl«me4 
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of  our  knowledge,  it  is  iujpossible  to  arrive  at  auy  uthur  tbaa  an  approximilire 
estimate  of  their  respective  nniounta ;  ami  this  may  be  best  foandcd  on  the  com- 
parative analyses  of  the  Corpuselcs  aad  Li(|uor  Sanguinis  already  cited  from 
Prof,  Lehtuann  (§  160);  it  bcinfr  assumetl  (hat  the  moist  Corpuscles  form  half 
of  the  entire  volume  of  fhe  blood.  This  is  probably  rather  beneath  thnn  ab^w 
the  actual  aver;»fj;e,  which  he  considers  to  be  512  parts  in  1000  ;  the  limit*  of 
variation  iu  hfulih,  however,  are  about  40  parte  on  either  side.  Ky  halving  the 
niimljers  in  the  prcoediiig  table,  therefore,  and  adding:  together  thogo  which  refer 
to  constitueuts  of  the  Game  character,  we  obtaia  the  following  results  : — 

Wnter 795-45 

Solid  residua  204-65 


Fitnin 

CorpnBoka 


2-026 

)  Heemntin  .., 8-S76 

/  Olobulio  and  cell-membraae  141-110 

Albumen  ..». 80-420 

Fatty  matters ....„ 2015 

Extractive  inatters 8-270 

Mineral  subBtauccM,  exolaaive  of  Iron... 8*335 

Chlorine 2-6W 

Sulphuric  acid "090 

Phuaphorio  acid '068 

Potasaium  1-8'JS 

Sodium 2-197 

Oxygen -6.35 

Phosphate  of  Lime -212 

Fli08|)hate  of  MagoMia     -148 

171.  The  principal  constituents  of  the  Blood  having  been  already  described, 
it  only  reniuina  to  notice  those  of  leas  prominent  importance.  Under  the  general 
head  of  Fufft/  Matters  are  included  several  different  kinds  of  fat,  some  of  which 
present  very  definite  charactGrs,  whilst  the  nature  of  others  has  not  yet  been 
precisely  determined.  A  considerable  p«rt  of  the  whole  amount  is  formed  by 
the  siijHmijiaMe  fats,  which,  in  the  human  subject,  are  IVIargarin  and  Olein ;  and 
it  must  be  in  these  that  the  chief  increase  occurs,  when  the  amount  of  fatty 
matter  in  the  blood  is  temporarily  augmented  b_v  the  entrance  of  oleaginous 
cbyie  (§  177).  The  proportion  of  phosphortzed  fat,  which  seema  to  form  an 
eseential  constituent  of  the  Corpuscles  (§  160),  will  probably  vary  in  part  with 
their  amount;  but  the  range  of  variation  seems  to  be  too  wide  to  admit  of  the 

from  (he  separated  serum.  Finally,  the  proportions  of  organic  and  of  inorgftnic  matter  ia 
the  Hiiliiis  itf  the  serum  are  ascertained  by  incinerating  them  in  &  crucible;  by  which  the 
whole  of  iho  former  will  be  driiren-olf,  the  latter  being  left. 

Ituth  of  the  foregoing  methods,  like  most  others,  are  open  to  the  objection,  that  the 
albuminous  and  other  coastituenla  of  the  serum  are  reckoned  m  the  calculation  as  beiaf 
eqmilly  present  in  the  vhole  water  of  the  blood  Now  as  the  moUt  Corpuscles,  according 
to  i:^cl>^lidt,  coDstituto  fuUy  half  the  mass  of  the  blood,  and  as  they  do  not  contain  the 
albuminous  elements  of  the  scrum.  And  have  salines  peculiar  to  themseWea,  it  Is  obrioua 
that  the  constituents  of  the  8erum  will  be  estimated  far  too  high^  and  the  residue,  which 
expresses  the  solid  matter  of  the  Corpuscles,  as  much  (qo  low.  Moreover,  this  method  of 
analysis  gires  no  account  whatever  of  (he  Salts  contained  in  the  Corpuscles,  which,  as  we 
have  seen  (J  IfiO),  are  very  different  from  those  of  the  Serum;  and  these  can  only  be 
determined  by  the  incineratioo  of  the  whole  mass  of  the  blood.  —  For  an  account  of  the 
methods  of  analysing  the  blood,  employed  by  Bertelius,  Denis,  and  Simon,  see  the 
•'Animi^l  Chemistry"  of  the  last  named  author  (p.  l-IS,  et  seq.,  Ameriean  Edition);  and 
for  a  critical  oomparison  of  these  and  other  methods  more  recently  devised,  pee  Prof. 
Lehraann's  "  Physiological  Chemistry"  (Cavendish  Society's  Ed.),  vol.  ii.  pp.  213,  et  jeq. 
The  method  of  Schmidt,  which  is  approved  by  the  last-named  authority,  is  based  on  very 
ingeaious  iavestigatiana  and  calculations,  by  which  he  has  shown  that  if  the  weight  of  the 
</ry  corpuscles,  obtained  by  the  method  of  Prevost  and  Dumas,  bo  multiplied  by  4,  it  will 
five  the  weight  of  the  moitt  corpusclea. 
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[difference  being  fully  accountod-for  in  this  manner.  Tbe  presence  of  Choletterin 
teetuB  to  be  constaut;  but  it,  too,  exliibild  a  cutisidcrable  diversity  in  its  amount, 
probably  depending  upon  the  relations  between  tbe  biliary  secretion  and  the  res- 
piratory process.  Of  the  fatty  substance  termed  Scrolin,  the  quantity  is  always 
Tery  minute,  and  it  is  soinetiinea  intippreciable.  — The  following  table  represents 
the  mean,  maximum,  and  miciinuiii  amounts  of  these  fatty  substances  in  tbe 
healthy  blood  of  the  male  (the  proportion  in  tbnt  of  the  female  being  almost  pre- 
ciaelj  similar),  according  to  the  analyses  of  MM.  Becquerel  and  Rodier. 

M«»n.  Miix,  Mln- 

Saponified  fat 1-004  2000  -700 

Pboephonxed  fat „ '468  1000  <270 

Cbolnterin -088  -175  030 

Serolin -020  -080  inappreciable. 

The  sonrce  of  the  peculiar  odour  of  the  blwd,  is  probably  a  volatile  fatty  acid, 
too  minute  in  its  amount  to  admit  of  being  separately  estimated.  This  odour 
maybe  made  much  more  apparent  by  treating  the  blood  with  sulphuric  acidjeven 
after  it  bos  been  long  dried;  and  in  ajl  those  animals  wbieh  are  readily  dis- 
tinguishable by  their  odorous  emanations,  it  may  thus  be  made  so  perceplible  as 
to  admit  of  their  blood  bein^  distinguished  (at  loust  by  an  individual  poi-seisscd 
of  a  delicate  sense  of  smell)  through  its  scent  alone.  Of  this  test,  use  has  been 
made  with  great  advantage  in  juridical  investigations.' 

172.  Under  the  vague  term  Ejclraciive,  have  been  included  many  difFeront 
substances  which  norraiilly  present  tbemselrea  in  only  very  small  quantity,  aud 
which  are  consequently  very  difficult  of  detection;  but  which  are  extremely  im- 
portant in  a  physiological  point  of  view,  as  the  chief  '  fuctora'  (to  use  the  ap- 
propriate designation  of  Prof.  Lehniann)  in  the  metauinrphosis  of  animal  tissue, 
both  vrr>gres»ive  and  rrfrw/rade.  Some  of  these,  such  as  the  compounds  which 
have  been  designated  by  Mulder  as  the  biaoxide  and  triloxlde  of  protein,  appear 
to  be  hiatogenetic  substaaces  in  the  course  of  prepanition  f<jr  orgnnixation ;  very 
little,  however,  is  certainly  known  respecting  them,  Glutin  (gelatin)  also  has 
been  recently  detected  in  the  blood  ;  but  this,  for  the  reasons  already  given  (§  SH, 
can  scarcely  be  regarded  as  a  histogenetic  substance,  and  must  huve  been  prob- 
ably derived  directly  from  the  food,  and  have  been  woitiiig  to  be  excreted.  Of 
the  products  of  retrograde  metaniorphosis,  however,  which  are  on  their  way  to 
the  excretory  organs,  our  knowledge  is 

much  more  precise ;   and  already  there  Fia.  61. 

hare  been  detected  in  the  extractive  the 

principal  components  of  the  biliary  and  ^k  ^ 

arioary  excretions,  namely,  cholic  acid,"  i  ^^  ^^^ 

urea,  creatine    and  creatinine,  and  urio  Ik^^^^  W         ^^  ^H 

and  hippuric  acids,  and  also  hjpoxanthin,  w^^^  .^r  ^gHli 

and  formic,  acetic,  and  lactic  acids.* — ■  ■     ^^^P^*  ^fc 

Mnch  attention  has  recently  been  given  ^m      ^^^_^.  J^      ^ 

to  the  red  cryttoU  which  form  in  blood       ^m  ^^^  aB^ 

afler  it  has  been  at  rest  for  some  time,      ^r   ^     ir''"^  ^^fet  ^^^ 

and   especially  if  it  have   been   diluted      ▼  j^*^  ^HP 

with   water.     These   crystals   present   a  ^^w 

considerable  variety  of  forms  in  different        „,    ,  „       ,    /,i     -       -    r       r, 
animals  (Iig.  61),and  at  differejit  stagM    j,i,,j^  (j)  mr.hcdr.i: fn-m  PiR-,  u.ud,  (3J 
of   decomposition    in    the   blood    of    the     hexagon*!  plmei,  from  Squinerg  blotxL 
flame  animals ;  and  they  present  also  very 

'  S*«  M.  Bamicl'B  researches  on  tLis  sabject  in  "  Ann.  d'Hjgi^ne,"  &o.  torn.  i.  iL  x. 

*  Tbe  presence  of  cholic  Hcid,  in  combiDutiun  with  soda,  aa  a  nomiAl  in^edient  in  Mood. 
M«iii8  lately  to  hnve  been  Bubstantinted  hy  Enderlio.  See  the  account  of  bia  resenrubeA 
'Choiotaurea  Natron  in  Ulaie,'  in  Schmidt's  Jahrb.  L  1853. 

'See  Lehmana'a  "  rhyMologUcbea  Cbemie,"  2nd  edit.,  band  ii.  p.  180. 


marked  diversities  in  cbomical  properties,  some  being  readily  soluble  io  witer, 
whilst  others  are  iosolublc  in  water  but  soluble  in  acetic  acid,  and  others  are  in- 
soluble  either  in  water  or  acetic  acid.  The  reuctions  of  some  of  these  cmtals 
would  seem  to  inJicatc  that  thej  are  formed,  or  at  least  derived,  from  protein- 
compounds;  but  others  seem  rather  to  consist  of  phosphoric  acid,  in  '  ooiiju^ 
tiou'  with  an  orgauic  substance.  The  whole  matter  is  at  present  involved  in 
great  obscuritj ;  but  it  can  scureely  bo  doubted  that,  whatever  be  the  natore  of 
this  crystalline  substance,  it  is  in  a  state  of  re(ro</rade,  not  of  progresKve  meta- 
morphosis.' Besides  the  foregoing,  the  extractive  of  blood  generally  seems  to 
coutaia  8ugar  that  is  waiting  for  elimination  by  the  respiratory  process,  tlm  sub- 
stance being  found  most  abundantly,  boweverj  in  the  blood  of  the  hepatic  vein, 
vena  cava,  and  pulmonary  artery  (§  154).  As  might  be  expected,  the  propor- 
tion of  sugar  in  the  blood  is  greatly  affected  by  the  diet  of  the  animal  (§  177). — 
The  very  smull  amount  in  which  the  Blnod-constitueuts  of  this  class  normally 
present  themselves,  is  readily  aceounted-for  by  the  fact,  that  they  are  only  rn 
ronfe  between  the  tissues  and  the  cxcretury  organs  which  are  destined  for  their 
elimination ;  so  that  as  long  as  the  disintegrating  processes  taking  place  in  the 
former  are  balanced  (as  they  should  be)  by  the  activity  of  the  latter,  these  sub- 
stances are  withdrawn  from  the  blnod-current  as  fast  as  they  are  introduced  into 
it,  and  no  sensible  accumulation  will  occur.  It  can  scarcely  be  doubted  that  the 
more  attentive  study  of  this  part  of  the  blood,  prosecuted  upon  large  quantities 
at  once,  will  be  attended  with  the  discovery  of  many  facta  that  would  throw  great 
light  upon  the  Chemistry  of  the  histogcnetio  operations,  and  of  the  retrograde 
metamorphoses  of  the  effete  materials  of  the  tissues, 

173.  The  list  of  the  Inorganic  Cofntiluents  of  the  Blood,  which  is  ^ven  in 
the  preceding  table  (§  170),  does  not  express  the  mode  in  which  they  are  grouped 
together;  and  it  takes  no  account  of  the  Carbouic  acid,  which  certainly  exists  ia 
the  blood  united  with  Alkaline  bases.  The  proportion  which  the  CarbonatM 
bear  bo  the  Phosphates,  however,  seems  to  be  small  in  Human  blood ;  as  is  shown 
by  the  following  table,  founded  on  the  analysis  of  Verdeil,*  of  the  per-centage 
composition  of  the  ash  of  the  blood,  after  deducting  the  carbon  still  contained 
in  it.  The  corresponding  analyses  of  the  blofid  of  the  Bog,  Ox,  Sheep,  and  Pig, 
are  here  given,  to  show  the  remarkable  variation  between  the  relative  amounts 
of  the  Carbonates  and  Phosphates,  in  the  blood  of  Herbivorous  and  Carnivoroos 
animals,  which  is  obviously  related  to  the  difference  of  their  diet.  It  will  be 
observed  that  the  proportion  of  Chloride  of  Sodium  exhibits  a  remarkable  con- 
stancy. 


Chloride  of  Sodiam 
Soda... 

Mao. 

Dog. 

Ol. 

Sbeep. 

ri< 

A.' 

61-99 

208 

1270 

0-99 
1-70 
7-48 
3-63 
8-OG, 
1-43 

B.* 

65-6a 
fl-27 

11-24 
1-26 
1-64 
9-74 
8-2! 
8«8 
0-95 

A.' 

49-8S 
6-78 

16-16 
0-67 
1-71 

12-74 
1-82 

I2'7a 
0-63 

60-98 
2  02 1 

19-16 
4-88 
1-08 
9'S4 

sm 

gfifi 
0-87 

60-12 
1800 
6-60 
0-47 
1  26 
8-40 
2-61 
9  0O 
0-67 

63-71 
14-40 
8-76 
0-69 
1-16 
8-02 
2-32 
8-80 
6-49 

67-11 
13-83 
5-25^ 
0-30 
1-65 
8-83 
2 -88 
8-70 
7-09 

60-62 
13  40 
7-93 
0-82 
1-91 
8-ti 
2-08 
917 
6-3& 

41-31 
7-62 

22-21 
1-21 
1-74 

10-61 
2-88 
9- 10 
0-69 

49-51 
6-88 

18 -64 
0-07 

i-a4 

11-48 
3-17 
9-52 
0-36 

Pnbumit 

Sulphuric  acid  .... 
Phosphoric  aciJ... 
Phosphate  of  lime 
Peroxido  of  iroD... 
Garbooio  acid ...... 

'  For  n  reoeal  sumnisry  of  what  is  known  respecting  it,  see  an  Article  on   *Albuminoaa 
Crjstallizattoa,'  bj  Ur.  Siereking,  in  the  "  Brit,  and  For.  Med.-Cliir.  Eev.,"  Tol.  xiL  p.  348. 

•  ♦•Ann.  der  Chem.  und  Pharm.,"  band  IxLi.  p.  89. 

•  Man,  forty-fiTB  years  old,  soSering  from  weak  digestion. 

*  Womiin,  twcntj-lwo  jears  old,  sauguineous  temperameiit. 
After  a  6eah  diet  of  eighteen  daya. 

*  After  feeding  for  twenty  days  upon  bread  and  potatoes. 
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174.  We  have  now  to  inquire  into  the  principal  modifications,  which  the  rela- 
tive proportions  of  these  eonstitaents  underi^o  in  the  state  of  health,  under  the 
joflnence  of  varying  conditions  of  the  fiptera,'  and  notwithstauding  the  want  of 
ahmlute  correctness  in  the  analyses  of  which  we  are  at  present  in  possession, 
those  that  arc  made  by  similar  methods  give  results  sufficiently  trustworthy  to 
enahle  them  to  be  compared  to«»ether,  and  thaa  to  give  a  tolerably  correct  indi- 
cation of  the  circumstances  which  determine  the  increase  or  dimtfiutiun  in  the 
principal  components  of  the  Blood-- — The  first  of  these  modifying  conditions 
which  requires  special  notice,  is  Atje.  During  the  latter  part  of  fcotal  lifej  the 
blood  is  remarkably  rich  in  solid  contents ;  it  being  in  the  proportion  of  cor- 
puscles (including  iron),  that  the  chief  difference  exists  between  foetal  and 
maternal  blood.  This  appears  from  the  following  comparative  analyses  made  by 
Denis '  of  the  venous  blood  of  the  mother,,  and  of  the  blood  of  the  umbilical 
artery,  which  la-it  has  been  recently  found  by  Poggiale  (as  might  be  expected)  to 
be  identical  with  that  of  the  body  of  the  fCctus, 


Venotu  Blood  of  Motbor. 

Water 7810 

Solid  oonstitueQls 219-0 

Fihrin 2-4 

Corpuscles 189-9 

Albumen 60-0 

Phosphorized  Fat 9-2 

Peroude  of  Iron 0  8 

ExtraoUre „  4-2 

Salts... 12  6 


Blood  of  rmbnieal  Axtafjr. 
701-5 
298-5 


The  analyses  of  Poggiale*  give  2558  parts  of  solid  matter,  of  which  172-2 
parts  were  corpuscles,  and  2  parts  of  peroxide  of  iron,  in  1000  parts  of  foetal 
blood  ;  thus  agreeing  with  those  of  Denis  in  the  main  fact  of  the  excessive  pro- 
portion of  corpuscles  acd  iron.  — The  proportion  of  corpuscles  seems  to  remain 
high  for  a  short  time  after  birth;  but  it  gradually  diminishes;  and  the  whole 
amount  of  solid  matter  in  the  blood  seems  to  fall  to  its  lowest  point  during  the 
period  of  childhood.  Towards  the  epoch  of  puberty,  however,  the  amount  of 
solid  matter  increases  again,  the  chief  augmentation  being  in  the  corpuscles  j 
and  it  remains  at  a  high  standard  during  the  most  vigorous  period  of  adult  life, 
after  which  it  begins  to  decline.  This  is  made  apparent  in  the  following  tables 
deduced  from  the  analyses  of  Denis,  which  arc  eonfirmed  by  those  of  Lecanu 
and  SimoQ.' 

Solid  OoBtHtnenti. 

lu    5  Individuala  between    6  montha  and  10  jears 170 

18  "  "        lOjeara     and  20    "      .200 

11  "  •«        20     "  80     "      » 240 

la-         *«  "        80     "  40     '*      240 

6         "  "        40    ««  60    "      240 

8  "  •«        50     •'  60     " 220 

2         '«  "        60    "  70     " 210 

175,  An  appreciable  difference  exists  between  the  blood  of  the  two  Sf^ret; 
that  of  the  male  being  richer  in  solid  contents,  and  especially  in  corpuscles,  than 
that  of  the  female.  On  this  point,  the  analyses  of  Lecanu,  Denis,  and  Becquerel 
and  Rodier  are  in  accordance,  notwithstanding  their  mutual  discrepancies;  as 
the  following  tables  show : — 

•  "  Recherchea  Exp^dmentalea  sor  le  Sang  bumaiD,"  and  ** Simon's  Animal  Cbemistry," 
p.  197.  Am.  Ed. 

•  "Complea  Rendus,"  torn.  iir.  p.  198. 

•  "  Aaimftl  ChemiBtry,"  p.  198,  Am.  Ed. 
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Blood  or  Mejt.  Beequtrel  and  Rodier. 

M«aii        Max.         Min. 

Wftter  ...- 779-0     BOn-n     ?««  •> 

[Solid  constitueata  221-0    240  0    2000 


Fibrin 2-2 

Corpnsclea  141-1 

Albumen 69-4 

Fat  16 

Extractive  and  i 
Salts  of  Serum  ^ 


8  5 

1520 

730 

8-2 

6-8        8-0 


Blood  or  Won  bit. 

Water  , 7m -1     8130 

Solid  constituents  2OS-0    227-0 


Fibrin 2-2 

Corpusclea   127-2 

Albumen..... 70*5 

Fnt  1-6 

l^Ixtractive  and  f 
Salts  of  Serum  (  


74        8-5 


60 


773-0 
1B7-0 

1-8 

1180 

65  0 

5-0 

6- 


Denit. 

M«*n  Max.  Min. 

7680  7900  783-8 

242-0  2667  210-0 

2-5  2-9  2-1 

147-0  187-1  1020 

67-5  680  62-3 


778-0    820-0    760-0 
227-0    250-0    1800 


2-7 

1380 

61-2 


80 

162-4 
60-4 


26 

88-1 
600 


LceanH. 
Mean       Max.       Min 
791-9    806-2    778-6 

2081   221-4  ma 


821-7    8S3-1    7W-« 
1783     209-7    146'9 


Prom  these  it  would  appear  that  the  mean  excess  of  the  whole  solid  constltacDta 
in  the  blond  of  the  male,  above  those  of  the  female,  is  reckoned  hy  the  several 
ezperimentera  at  from  12  to  20  parts  io  1000;  and  that  the  variation  is  the 
greatest  in  the  proportion  of  Corpuscles,  neither  of  the  other  elements  exhibitiDg 
arty  conaiderfthle  difference  in  their  amount  in  the  two  sexea.  The  excess  in  the 
fidlid  constituents  of  the  male  blood  above  those  of  the  female,  ia  as  well  marked 
in  the  extreme  as  in  the  mean  results ;  for  the  majrim-a  in  the  female  do  not  pass 
iiiufh  higber  than  the  mean  of  the  male,  whilst  her  minima  fall  far  below  his; 
on  the  other  hand,  the  m,fix!m<i  of  the  male  rise  far  higher  than  those  of  the 
female,  whilst  his  minima  acarcely  deacend  below  her  mean. 

176.  It  is  obvious,  from  the  extent  of  diversity  shown  in  the  preceding  table, 
ithat  the  proportions  of  the  constituents  must  vary  considerably  with   individiul 

TfmfKrnment  and  Constilutton.     All  the  persons  whose  blood  furnished  the  sub- 

i'ects  of  the  preceding  analysis,  were  (or  considered  themselves  to  be)  io  perfect 
'.'akh ;  but  their  standard  of  health  could  not  have  been  hy  any  means  uniform. 
There  is  no  doubt  that,  in  individuals  of  the  plethoric  or  'sanguineous'  terapera- 
Dicnt,  the  proportion  of  the  whole  solid  constituents,  and  especially  of  the  cor- 
puscles, is  considerably  greater  than  in  persons  of  the  'lymphatic'  temperament; 
»nd  it  appears  frotn  the  analysis  of  Lecanu,'  that  the  sexual  difference  in  the 
blood  almost  disappears,  wheo  the  blood  of  males  aod  of  females  of  the  latter 
temperament  is  compared. 

177.  A  considerable  influence  is  exercised  on  the  entire  amount,  and  on  the 
relative  proportions,  of  the  constituents  of  the  Blood,  by  the  previous  iogestioa 
of  Fornl  or  Drink,  aod  by  the  Viet  habitually  employed.  The  observations  hitherto 
made  upon  the  first  of  these  points,  however,  are  not  sufficiently  numerous  to 
admit  of  being  generalized;  and  the  chief  points  that  can  be  dctinitely  stated, 
are  thosie  which  have  been  substantiated  by  Profrs.  Buchanan  and  R.  D.  Thorap- 
8on,*  in  their  e-vamiuation  of  blood  whose  serum  exhibits  the  'milky'  appearance, 
which,  when  it  oecurF  in  health,  is  due  to  the  entrance  of  chyle,  more  rapidly 
than  ita  oleaginous  matter  can  he  eliminated  by  the  respiration  or  appropriated 
by  the  tissues.  When  a  full  meal  containing  oily  matter  is  taken  after  a  long 
fiist,  and  a  small  quantity  of  blood  is  drawn  previously  to  the  meal  and  at  inler- 
vala  subsequently,  the  serum,  though  quite  limpid  in  the  blood  first  drawn, 
(Show»  an  incipient  turbidity  abnut  half  an  hour  afterwards;  this  turbidity  in- 

'  "  Etadea  Cbimii^uea  aur  le  Sang  hamaia,"  p.  G&;  and  Simon's  "  Animal  Chemistr;r,' 
ro!.  i.  p.  236. 
*  ••Medical  Gazette,"  Oct.  10,  1846. 
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crensos  for  about  six  hours  suWquetitlj,  after  which  it  usually  begins  to  dienp- 

Jiear.  The  period  at  which  the  discoloration  is  the  preatent,  however,  and  the 
enpth  of  time  during  "which  it  continues,  vary  according  tn  the  kind  and  qiiahfy 
of  the  food,  and  the  state  of  the  digestive  ftinctiona.  Neither  sLTrch  nor  sugar, 
nor  protcine-cnm pounds,  alone  or  coinhined,  occasion  this  opacity  in  the  chyle ; 
bnt  it  seems  e<>sentially  dependent  upon  an  admixture  of  nirftrpnovs  matter  with 
the  food.  There  are  few  ordinary  meals,  however,  from  which  Buch  matter  is 
altogether  excluded.  When  such  milky  serum  is  examined  with  the  Microscope, 
the  opacity  is  found  to  be  due  to  the  presence  of  an  immense  number  of  ex- 
ceetlingly  minute  granules,  resembling  in  nppearance  those  which  form  the 
'molecular  base'  of*  the  chyle  {§  135).  They  Fceni  to  he  composed  of  two 
chemirally-ilistinct  substances;  for  when  the  milky  serum  is  agitated  wirli  ether, 
a  part  is  dissolved,  whilst  another  portion  rcm:iiii8  suspended;  and  this  latter  is 
soluble  in  caustic  potass.  The  former,  therefore,  appears  to  be  ideiilical  with 
the  'molecular  base'  of  the  Chyle,  and  to  be  of  an  oily  or  fatty  nature;  whilst 
■  the  latter  belongs  to  the  protein-compounds.  The  Crafwamentum  of  such  blood 
I  often  exhibits  a  pellucid  fibrinous  crust,  sometimes  interspersed  with  white  dot*! ; 
Kaad  this  seems  to  consist  of^an  imperfectly-assimilated  protein-compound,  analo- 
^p^i|0B8  to  that  found!  in  the  senim.  The  quantity  of  (hia  varies  according  to  tic 
•mount  of  the  protein-compound.'!  present  in  the  food. — The  increase  of  Bnrrhitrinr 
matter  in  the  blood  (in  which  it  forms  part  of  the  'extractive*),  after  the  inges- 

»t»oo  of  a  large  quantity  of  saccharitie  or  fiirinaccou.<5  aJimcnt,  has  been  noticed 
by  many  experimenters,  atid  hu.s  latt-ly  been  made  the  subject  of  attenlive  study 
by  Von  Becker.'  He  has  found  that  the  blood  of  Rabbits  fed  on  ciirrots,  con- 
tained 0o84  per  cent  of  sugar,  whilst  that  of  rabbits  fed  on  oats  contained  only 
0-lOn  per  cent;  the  blood  of  the  same  animals  after  24  hours*  starvation,  con- 

ttaincd  only  0045  per  cent;  whilst  as  much  as  1108  per  cent  was  found  in  the 
blood  of  a  nibbit,  into  whose  f<tod  so  large  an  amount  of  sugar  had  been  intro- 
duced that  it  passed  away  with  the  excrements.  The  proportion  contained,  how- 
ever, in  the  blood  of  Oxen,  Dogs,  and  CatvS,  is  far  smaller  than  this;  being  (ae- 
IcoHing  to  the  researches  of  Sibmidt)*  from  0.00069  to  0-00074,  0-0015,  and 
00021  per  cent  respectively. — It  might  l>e  fairly  presumed  that  a  temporary 
aogmentatioD  must  take  place  in  the  lujueovs  constituent  of  the  blood,  whenever 
•oy  considerable  quantity  of  liquid  is  ingested;  and  yet  this  augmentation  is  pro- 
bably much  less  considerable,  under  ordiiiarj'  circumstances,  than  we  should  at  first 
be  inclined  to  suppose.  For  there  exist  various  provisions  in  the  system  (the  pecu- 
liar Malpighian  apparatus  of  the  Kidneys  being  the  chief)  for  rapidly  freeing 
the  blood  from  any  superfluity  of  water;  and  thus  any  excess  of  fluid  absorbed 
is  speedily  drawn-oS"  again.  But  further,  it  is  certain  that  when  the  vessels  are 
alrrady  filled,  absorption  does  not  take  place  with  nearly  the  same  readiness  as 

I  after  loDg  absiioence  from  liquids  (§  122) ;  the  rate  of  absorption  being  in  great 
degree  governed  by  that  at  which  the  liquid  is  disposed-of.  It  follows,  therefore, 
that  the  absorption  of  even  s  considerable  amount  of  water  within  a  short  time, 
Deed  not  really  involve  any  great  dilution  of  the  IIoi:k1  ;  and  it  is  probable  that  a 
coDsidenble  reduction  of  its  density  will  be  thus  produced  in  a  state  of  health, 
only  when  it  has  first  undergone  an  unusual  elevation,  in  consequence  of  the 
removal  of  part  of  its  water  by  perspiration,  diurcsiii,  &.O.,  without  a  correspond- 
ing replacement  of  it  by  absorption.  It  baa  been  affirmed,  however,  that  when 
OxeQ  have  taken  immense  draughts  of  water,  the  blood  has  been  so  tnuth  diluted, 
that  Bome  of  the  corpuscles  have  burst  (§  158)  and  their  colouring-mat ter  hua 
paved  out  of  the  body;  whilst,  on  the  other  hand,  it  has  been  found  that  when 
two  Dogs  bad  been  kept  for  some  weeks  on  the  same  kind  of  food,  but  one  was 
not  allowed  to  drink,  whilst  the  other  was  made  to  tjike  a  large  quantity  of  wa'er, 

•  "Zeitachr.  fur  wissetichaft.  ZooL,"  1853,  cited  in  Prof.   LchinaDD's  "  PhysioIogiKrlie 
Cktmie,"  2iid  edit.,  band  ii.  p.  217. 

•' Charactcri»tik  der  Cholera,"  J{  161-164. 
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the  specific  gravity  of  the  blood  was  nparlj  the  same  in  each.' — The  ipfluenoe  ci' 
the  Rryimcn  upoa  tho  coinpo-sition  of  the  blood,  however,  appeure  to  be  more 
definite  and  constant.  An  anini.il  diet  tends  to  increase  the  whole  amount  of 
polid  matter,  but  especially  to  augment  the  proportion  of  corpuscles.  On  the 
other  hand,  a  vegetable  diet  tends  to  lower  the  whole  amount  of  solid  matter,  occa- 
sioning a  marked  reduction  in  the  corpuscles,  whilst  it  seems  rather  to  increaM  the 
albiimen  ;  thus  showing  that  the  decrease  in  the  corpuscles  is  not  due  to  a  deficiency 
in  their  azotized  pabulum,  but  depends  on  some  other  condition.  The  develop- 
ment of  fibrin  appeara  to  take  place  at  least  as  readily  on  the  vegetable,  aa  on  the 
animal  regimen.  Hence  we  see  what  may,  and  what  may  not,  be  effected  in  th« 
treatment  of  disease,  by  the  adoption  of  a  particular  dietetic  system;  for  we  may 
promote  or  retard  the  development  of  the  red  corpuscles,  by  the  employment  of  ao 
animal  or  a  vegetable  regimen,  but  can  make  little  or  no  impre^ion  upon  tii« 
fibrin,* — The  eflFect  of  complete  abstinence  from  food,  also,  or  of  a  continued  insof- 
ficient  supply  of  it,  is  to  reduce  the  proportion  of  the  whole  solid  constitueDt« ; 
but  in  this  case,  too,  the  corpuscles  are  much  more  reduced  than  the  albumen; 
and  very  little  effect  is  produced  upon  tho  fibrin,  which  at  once  undergoes  an 
absolute  increase,  if  any  inflammatory  affection  should  devciope  ittjelf. 

178.  The  effect  of  Loss  of  Mloml  is  of  a  very  similar  nature  to  that  of  abeti* 
nence.  Almost  as  soon  as  the  stream  bepins  to  flow  from  a  wounded  vessel,  there 
seeins  to  be  a  transudation  of  watery  fluid  from  the  tissues  into  the  current  of 
blood  I  for  this  undergoes  a  rapid  diminution  in  density,  m  that  the  portion  laft 
drawn  is  of  lower  specific  gravity,  and  contains  a  considerably  smaller  amount  of 
fiulid  matter,  than  tliat  which  first  issued.  This  fuct,  which  has  long  been  known, 
has  of  late  been  more  precisely  detennined  by  JJra.  Zimmerman,*  PoUi,*  and  J. 
Davy*  When  blood  has  been  repeatedly  drawn,  or  has  been  lost  by  haemorrhage, 
that  which  remains  is  impoverished;  but  the  reduction  in  its  whole  amount  of 
solid  niiitter  bore  also  lies  rather  in  the  dtuiinution  of  the  corpuscles,  than  In  that 
of  the  other  constituents.  This  is  shown  by  tho  following  table  of  the  results  of 
MM.  Iiec([uerel  and  llodter's  analyses  of  the  blood  of  ten  patients,  each  of  whom 
bad  been  bled  three  times  : 

lit  Vrnetectioo.    2d  ToncMctiou.    3d  VodhwcUob. 

Specific  gravity  of  defibrinated  blood,.,....  lO-'ifiO  10&30  104a-C 

serum 1028-8  10-J6-3  1026(J 

Water... 7930  807-7  823-1 

Solid  residue 207-0  lft2-8  176-9 

Fibrin 3-5  B-8  8-4 

CorpuBcles 129-2  116-3  99-4 

AJburoen „... 660  68-7  64  6 

ExtractiTC  and  saline  matters 7-7  6*9  8-0 

Fat 16  1-6  1-6 

Hence  it  is  obvious  that  the  special  effect  of  bleeding  is  to  lower  the  proportion 
of  Red  corpuscles,  and  that  it  has  no  power  of  effecting  a  diminution  in  the 
amount  of  fibrin.  We  shall  find,  indeed,  that  in  inflammatory  diseases  the 
amount  of  fibrin  undergoes  an  extraordinary  increase  (§  Ii>2),  which  is  not 
chei-ted  in  the  slightest  appreciable  degree  by  the  most  copious  venesection.  It 
is  remarkable  that  after  very  considerable  losses  of  blood  a  decided  increase 
shows  itself  in  the  proportion  of  Colourless  corpuscleSj  not  only  rehttively  (as  to 
the  red)  but  absolutely;  so  that,  in  the  blood  of  a  Horse  from  which  50  lbs.  have 
been  previously  abstracted,  the  coloured  and  the  colourless  corpuscles  appear  to 
exist  in  e<{ual  numbers.* 

'  Dr.  Benoe  Joaes  in  *'  Medical  Times,"  Aug.  2,  18^1,  p.  116. 

*  Set;  on  this  subject  the  treatise  of  M.  Etnile  Mnrcliand,  "  De  Tlnfltientie  comparatiTe 
da  Regime  Vdgdtal  «t  du  Regime  Animal  sur  )e  rhjeiqae  et  le  Moral  da  I'llomme." 

*  "ileller's  ArchiT.,"  banJ  iv.  p.  385. 

*  See  "  Medic o-Cbirurgical  Review,"  Oct.  1847. 

'  "Anatomical  and  Phjsiological  Rescarohes,"  vol.  IL  p.  28. 

*  KoUiker's  "  Manual  of  Human  Histology"  (Sydenham  Society's  Edit),  vol.  U.  p.  850. 
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179.  We  have  now  to  consider  the  difTiTenoes  which  present  themselves,  in  the 
compoaitioD  of  the  Blood  drawn  from  different  vessels  of  the  same  body ;  those, 
it  is  obvioxis,  being  dependent  on  the  chaugea  to  which  the  fluid  is  subjected, 
during  its  passage  through  organs  that  will  appropriate  or  change  its  severut  con- 
stituents in  an  unequal  degree.  And  the  first  and  most  important  of  these  f^ts 
of  differences,  is  that  which  exists  between  Arlertal  and  Venotu  blood.  Tho 
anftlyses  already  cited  having  been  made  chiefly  upon  the  lutter,  it  will  be  suf- 
ficient here  to  state  the  general  results  of  comparative  inquiries  into  the  composi- 
tion of  the  former.  The  quantity  of  solid  con.stituent3  pertaining  to  the  Corpus- 
cles h  smaller)  they  contain  relatively  more  haematin  and  salts,  but  much  lees 
fat.  The  liciuor  sanguinis  is  somewhat  richer  in  Fibrin  ;  but  it  contains  a  larger 
proportion  of  water,  and  consequently  less  A/buman.  The  Faifi/  matters  of  the 
serum,  as  well  as  of  the  corpuscles,  are  considerably  diminished ;  on  the  other 
hand,  the  Extractive  matters  are  decidedly  increased-  It  is  affirmed  by  Dr.  Gr. 
O-  Reea,'  that  the  phosphorus  which  exists  in  venous  blood  in  an  uno.>cidi2ed  state, 
united  to  the  fat  of  the  corpuscles,  is  converted  by  the  respiratory  process  into 
phosphoric  acid,  which  passes  into  the  serum  and  unites  with  alkaline  bases;  and 
this  view  seems  boroe  out  by  the  more  recent  analyses  of  Reich.* — The  most 
remarkable  difference  between  Arterial  and  Venous  blood,  however,  lies  in  the 
amount  of/ree  yasen  which  tbey  respectively  contain.  It  muy  now  be  considered 
as  unquestionably  proved  by  the  researches  of  Stevens,  Bischoff,  J.  Davy,  Magnus, 
and  oiherE  (but  more  especially  by  those  of  the  last-Duuied  experimenter),  that 
both  venous  and  arterial  blood  contain  Oyxgen,  Nitrogen,  and  Carbonic  acid  in  a 
state  of  solniion;  these  gases  being  yiclded-up  by  the  blood  when  it  is  placed  in 
a  perfect  vacuum  j'  and  carbonic  acid  being  also  disengaged,  when  the  fluid  is 
shaken  with  common  air,  or  with  oxygen,  hydrogen,  or  nitrogen  ;  while  oxygen 
is  in  like  manner  expelled  by  hydrogen  or  nitrogen,  which  takes  its  place.  The 
expertments  of  Magnus*  »how  that  from  10  to  12J  per  cent  of  Oxygen  (by 
volume)  exists  in  arterial  blond  ;  but  that  this  is  reduced  in  venous  blood  to  half 
its  amount.  On  the  other  hand,  the  quantity  of  Carbonic  acid  which  is  thus 
removable,  amounts  to  about  25  per  cent  (by  volume)  in  venous  blnod,  and  to 
only  20  in  arterial.  The  per-centage  of  Nitrogen  was  foxmd  to  vary  from  1-7  to 
3  3  ;  but  no  constant  difference  presented  itself  between  the  quantities  contained 
in  arterial  and  in  venous  blood  respectively.  The  differences  in  the  relative  pro- 
portions of  Oxygen  and  Carbonic  acid  in  arterial  and  venous  blood  respectively, 
ooofirm  the  indications  afforded  by  other  facts  (cHAr,  vii.),  that  an  exchange  of 
oxygen  for  carbonic  acid  takes  place  in  the  systemic  circulation,  and  an  exchange 
of  carbonic  acid  for  oxygen  in  the  general  circulation.  How  fur  the  gases  thus 
introduced  into  the  blood  enter  into  chemical  combination  with  any  of  its  con- 
gtitnents.  or  are  merely  dissolved  in  the  licjuid,  has  not  been  positively  detennined ; 
there  is  reason  to  think,  however,  that  if  combination  thus  takes  pl;icc,  the  pro- 
portion 60  employed  is  extremely  small.*  The  remarkable  power  of  absorbing 
carbonic  acid,  which  is  possessed  by  the  serum,  and  still  more  by  the  Kcd  cor- 
puscles, has  been  already  mentioned  (§  160) ;  and  there  would  be  no  diffieolty  in 
accounting  for  the  presence  of  many  limes  the  amount  of  that  gas  which  is 
actually  found  in  the  blood,  without  supposing  it  to  lose  its  freedom  by  combi- 
oatioD. 

180.  The  increase  of  the  Fibrin,  however,  which  seems  to  be  effected  during 

*  **  Philosophical  Mngnzinc,"  toI.  xxxiii.  p.  28, 

•  ♦•  Arch,  der  Phannacic,"  and  "  Leibig  and  Kopp^e  Report,"  for  1849,  p.  366. 

•  It  h»9  been  found  by  Magnus,  that  carbonic  acid  is  not  given  off  acder  the  receiver  or 
ko  kir-pump,  antil  the  air  has  been  bo  far  cihausted  thrtt  it  only  support!  one  inch  of 
mercury.  This  fact  explains  the  negative  result  obtained  by  many  experiment^rft;  ainco 
iko  extremely  good  air-pump  is  required  to  produce  such  a  degree  of  exhaustian. 

*  See  "  Ann.  der  Physik  and  Chetnie."  baud  Ixvi.  p.  177  ;  and  an  abatraot  in  the  "  PbUo- 
•opbicnt  Msjfiizine."  Dec.  1845. 

c«  Lehiuaun, 
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the  aeration  of  the  Blood,  must  be  taken  as  an  indication  that  a  certain  pnrt  of 
the  oxygen  absorbed  from  the  air  is  made  directly  Bubservient  to  changes  in  Uic 
composition  of  the  circulating  fluid  ;  and  it  appears  from  certain  of  its  reactions, 
that  the  fibrin  ^f  arterial  blood  must  be  in  a  state  of  higher  oxidation  than  that 
of  veouujs.  Now  although  the  differences  between  fibrin  and  albumen  lead  u«  to 
regard  the  production  of  the  former  from  the  latter  as  rather  a  vital  than  a 
cixfmkal  change,  yet  the  existence  of  the  difference  io  question  obviously  point? 
to  the  presence  of  oxygen  as  a  condition  essential  to  \t»  performance  ;  and  this 
inference  is  fully  confirmed  by  the  expcriineBts  of  Dr.  Gairdner,'  on  the  ioflaence 
of  the  respiration  of  pure  oxygen  on  the  production  of  fibrin.  As  the  Ilabbil 
was  on  miiny  accounts  the  most  convenient  warm-blooded  animal  for  such  a  trial, 
he  first  sot  himself  to  determine  the  normal  proportions  of  the  constituents  of  its 
blood.  The  aQulysis  of  the  blood  drawn  from  the  aorta  in  six  healthy  indi- 
viduals, yielded  the  following  results  : — 


Mean.  Max.  Mia. 

Fibrin 1-66  2  00  1-45 

Corpuscles 82-36  92  00  70-00 

Albumea 40-80  6800  87-20 


« 


On  the  other  hand,  the  analysis  of  the  blood  of  three  individuals  which  had 
been  made  to  respire  pure  oxygen  for  half  an  hour,  gave  the  following  as 
proportions  of  its  components  : — 


MeML 

FihriB 2-40 

CorpuBcI«3 69-50 

Albuonjn..,.. , 40-23 


Max. 

Mhi. 

2-&0 

2-80 

75-00 

60  50 

45-70 

85  00 

It  is  further  stated  by  Dr.  Gairdner  (Op.  cit.,  p.  183),  that  a  rabbit  having 
kept  for  hiilf  au  hour  under  the  influcace  of  an  electro-niagnetie  current  betii 
the  chest  and  spine,  which  produced  a  great  acceleration  in  the  respiratory  tnc 
ments,  its  blood  was  found  to  contain  as  much  as  2  9  parts  of  fibrin  in  IDOO.  — ^ 
The  larger  quantity  of  fibrin  in   arterial   blood  of  itself  renders  its  coagulum 
firmer;  but  independently  of  this,  there  would  seem  to  be  a  difference  in  the 
quality  of  the   fibrin,  which,  when  separated  by  stirring  or  whipping,  is  more 
tenacious  and  compact  in  arterial  than  in  venous  blood. 

181.  The  proportion  of  Red  Corpusi.lea  in  arterial  and  venous  blood  respec- 
tively, has  been  variously  stated  by  different  observers;  and  we  may  easily  con- 
ceive it  to  be  aficcted  by  several  circumstances,  which  may  produce  a  change  io 
the  whole  proportion  of  the  solid  to  the  fluid  constituents  of  the  blood,  durini; 
the  course  of  its  circuktion.  Thus,  the  discharge  of  the  cimtents  of  the  thoracic 
duct  iiito  the  venous  system  near  the  heart,  will  tend  to  dilute  the  blood  of  the 
ytulmonary  and  arterial  circulation ;  whilst,  conversely,  the  escape  of  the  watery 
part  of  the  blood  by  the  renal  <ind  cutaneous  secretions,  and  by  tran.s.udalion  into 
the  tissues,  which  takes  place  during  its  pa.s.sage  through  the  .systemic  capillaries, 
will  tend  to  augment  the  proportion  of  the  solids  of  the  blood  drawn  from  the 
systemic  veins.  On  the  other  hand,  if  the  discharge  of  fluid  from  the  thoracic 
duct  be  suspended,  and  the  amount  absorbed  fromi  the  tissues  daring  the  systemic 
circulation  should  exceed  that  which  is  transuded  (as  appears  sometimes  to  happen, 
§  178),  then  the  proportion  of  solid  matter  will  be  less  in  venous  than  in  arterial 
blood. — No  such  explanation  will  apply,  however,  to  the  very  marked  differences 
exhibited  in  Dr.  Gairdner's  experiments  just  cited,  between  the  proportions  of 
red  corpuscles  and  of  albumen  in  the  ordinary  arterial  blood  of  mbbits,  and  in 
»hat  of  the  individuals  whose  blood  had  been  hypcr-arlerialized  j  the  sura  of  the 
averages  in  the  former  case  being  128-65,  and  in  the  latter  109-79,  the  differeocd 

'■  Treatise  "On  Qout,"  2 at]  ediL,  pp.  153-4, 
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of  which  is  18-86,  or  nearly  onc-nrrcnth,  of  tlie  Inrjror  amount.  Still,  that  this 
dilTcrence  is  in  preat  part  duo,  rather  to  dilution  of"  the  blood,  than  to  the  abeo- 
luie  dirainotion  in  its  entire  anjnunt  of  red  corpuscles  and  of  albumen,  would 
feera  probable  from  the  fact  that  their  rrlatn'c  amount  is  almost  exactly  the  same 
in  the  two  cases,  the  proportion  of  corpuscles  to  albumen  being  1'78:1  in  the 
normal  blood,  and  1  72  : 1  in  the  oxygenated.' 

182.  The  difference  in  the  colour  of  arterial  and  of  venous  blood,  which  is 
entirely  dependent  upon  the  Btate  of  the  Bed  CorpuBcles,  haa  been  commonly 
supposed  to  he  produced  by  a  chemical  chanj:e  ex«  rtcd  upon  their  Hajmatin  by 
oxygen  and  carbonic  acid  respectively.  Of  cuch  change,  however,  there  is  no 
adequate  evidence;  and  there  are  many  iudications  that  we  are  to  look  for  the 
source  of  the  difference  of  colour,  rather  in  modifications  in  the /(wtn  of  the  cor- 
puscles, affecting  tbeir  power  of  transmittinff  and  reflecting  light,  than  in  any 
chemical  alterations  of  their  contf»ts.  It  is  true  that  if  arterial  blood  be  exposed 
to  carbonic  acid  out  of  the  body,  it  will  acquire  the  dark  hue  of  venous  blood ; 
whilst,  conversely,  venous  blond  exposed  to  oxygen  will  acquire  (on  its  surface  at 
least)  the  florid  hue  of  arterial  blood.  But  for  these  changes  to  take  place,  it  ia 
necessary  that  the  normal  proportion  of  saline  matter  should  exist  in  the  serum 
in  which  the  corpuscles  float,  and  that  the  corpuscles  themselves  should  not  have 
ruptured  and  discharged  their  hfematio.  For  if  arterial  blood  deprived  of  ita 
fibrin  be  diluted  with  twice  or  thrice  its  volume  of  w«ter,  it  assumes  a  dark 
venous  tint,  which  is  not  affected  by  the  passage  of  a  current  of  oxygen  through 
it;  yet  the  red  colour  is  restored  by  the  addition  of  a  saturated  solution  of  a 
neutral  salt,  even  without  the  contact  of  oxygen.  On  the  other  hniid,  venous 
blood  is  reddened  by  the  addition  of  a  strong  saline  solution,  without  any  exposure 
to  oxygen;  and  it  is  not  readily  darkened  figain  by  the  passage  of  carbonic  acid 
through  it.  Again,  a  scarlet  clot  is  darkened  by  washing  it  with  di.>;tilled  water, 
and  it  is  only  very  slowly  reddened  by  exposure  to  oxygen;  whilst  a  black  clot 
becomes  at  once  scarlet  when  it  is  washed  with  salt,  and  is  not  blackened  again 
by  carbonic  acid.  Further,  if  the  corpuscles  be  treated  with  water  until  they 
burst,  so  that  the  hacmatin  is  diffused  through  the  liquid,  scarcely  any  effect  ia 
pnodnced  upon  the  hue  of  the  solution,  either  by  carbonic  acid,  by  oxygen,  or  by 
Aalines ;  such  slight  alteration  as  does  occur  being  fairly  attributable,  either  to 
the  presence  of  a  few  corpuscles  still  unruptured,  or  to  the  influence  which  the 
abcorption  of  these  gases  may  produce  upon  the  colouring  matter,  without  enter- 
ing into  chemical  combinatiun  with  it.'  Hence  it  is  obnous  that  the  light  or 
dark  colour  of  the  blood  affords  no  indication  whsitever  of  its  state  of  oxygenation, 
since  the  change  from  the  one  to  the  other  may  be  effected  by  other  agents  ;  and 
if  we  examine  into  the  nature  of  their  influence,  we  find  that  the  blood  is  dark- 
ened by  whatever  tends  to  cfistfnti  the  corimscles,  so  oa  to  render  them  flat  or  hi- 
coDvex,  whilst  it  is  hrtyhtened  by  whatever  tends  to  empty  them,  sn  as  to  render 
them  more  deeply  bi-concave  than  usual.  And  observation  of  the  effects  of 
oxygen  and  carbonic  acid,  respectively,  upon  the  form  of  the  cnrpii.sclps,  confirms  the 
idea  that  this  is  the  mode  in  which  these  agents  affect  their  colour;  for  the  former 
causes  their  contraction,  and  renders  their  cf-II-walls  thick  and  gmnular,  so  as  to 
increase  their  power  of  Jreflfctiiig  light;  whilst  the  latter,  producing  a  dilatation 
of  the  corpuscles,  thins  their  cell-walls,  and  enables  them  to  transmit  light  more 
readily.  That  an  increase  in  the  opacity  and  reflecting  power  of  the  corpuscles 
tends  to  heighten  the  colour  of  the  blood,  is  shown  by  an  experiment  of  Scherer's  j 
who  found  that  when  detibrinated  blood  had  been  darkened  by  the  additioD  of 

*  It  woold  b«  important  to  determine  tHie  contparAtiTe  amount  of  carbonic  acid,  and  of 
the  BoUda  of  the  orine,  excreted  iu  the  aAtue  lime  bj  two  eets  of  unimals  placed  uader 
these  rery  diverse  conditions. 

'  It  haa  been  »bown  by  Pelijtot.  that  the  coloora  of  lolutiona  of  the  snltR  of  the  protoxide 
of  iron  ere  considernbly  mmiifieil  by  piig."(itip  n  current  of  protoxide  of  oitrogen  Ihrougb 
tbem,  alUtougb  no  chcioical  cbange  is  thereby  induced. 
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addilioD  of  a  Uttle  milk,  oil: 


water,  its  original  briglit  colour  wjia  restored  b] 
or  fiiiely-powdered  chalk  or  pypsum/ 

1S3.  AUliough  no  difference  can  be  detected  between  samples  of  blood  drawn 
froui  vuriims  parts  of  tbe  Arterial  system  of  the  same  atiinial,  very  inipTtiint 
variatious  exist,  as  miglit  be  expected,  in  the  compofiition  of  the  blood  drawn  frnrn 
the  several  parts  of  the  Veiious  system  ;  since  the  changes  to  which  it  has  been 
ihjected  in  the  several  orgnns  tliroygh  which  it  has  piissed,  are  of  a  very  diver- 
l  chMmcter.  The  bSood  of  the  Vena  Portn>,  for  example,  diifers  considerably 
from  the  blood  of  the  IJeputic  vein,  and  both  of  these  differ  from  the  blood  of  the 
Jugular.  So,  again,  thii  bloud  of  the  Splenic  vein  diffors  from  all  the  preceding; 
and  so  must  the  blood  of  the  Renal  vein,  pithoagb  this  latter  difference  has  not  yet 
been  deuioustratcd  by  direct  analysia.  The  most  iuipnrtant  and  best-estJiblished  of 
these  diversities  will  now  be  enumerated. — In  speaking  of  the  composition  of  the 
bloo<l  of  the  Vena  PoifsCf  it  must  be  remembered  that  this  consists  of  two  very  dis- 
tinct factors,  namely,  the  blood  of  the  Gastric  and  Mesenteric  veins,  and  the  blood 
of  the  Splenic  vein ;  the  fonucr  having  been  altered  by  the  introduction  of  solid 
and  liquid  alimentary  matters,  and  the  latter  by  its  circulation  through  the  Spleen. 
Those,  therefore,  ought  to  be  separately  studied ;  and  this  has  been  done  by  31. 
Jules  Beclard.'  Tbe  characters  of  tbe  blood  returning  by  the  Gastric  and  Mftei^ 
teric  veins  from  the  walls  of  the  ulimentary  canal,  arc  of  course  affected  by  the  stage 
of  the  digestive  process,  and  by  the  nature  and  amount  of  the  absorbable  matters. 
As  compared  with  tbe  ordinary  venous  blood  the  total  quantity  of  its  solid  consti- 
tuetita  is  lowered  during  the  early  part  of  the  digestive  process,  by  the  dilution  it 
suffers  through  the  imbibition  of  lii|uid ;  and  this  diminution  is  especially  remark- 
able in  the  corpuscles,  the  relative  proportion  of  albumen  being  increased  by  the 
introduction  of  now  ulbumtuous  matter  from  the  food.  Towards  the  conclusion  of 
the  digestive  process,  however,  the  blood  of  the  mesenteric  veins  gradually  comee 
to  present  the  ordinary  proportions  of  these  two  components;  and  in  an  animal 
that  has  been  subjected  to  long  ubstiueneo,  it  does  not  differ  from  that  of  the 
venous  system  in  general.  The  qu.intity  of  extractive  is  usually  increased  ;  and  in 
this  part  of  tbe  blood  it  must  be,  that  sugar,  destriti,  gelatin,  and  other  soluble  or* 
ganic  mutters  that  are  taken  into  thecircuhiiion,  are  contained.  Some  of  these  have 
in  fact  been  detected  in  it.*  The  fibrin  of  tbe  blood  of  the  mesenteric  veins  appears 
to  be  less  perfectly  elaborated  than  that  of  the  blood  in  generul ;  for  the  blood  of  the 
mesenteric  veins  coagulates  leas  firmly  (having  been  erroneously  asserted  by  some 
not  to  coagulate  at  all);  and  its  fibnn,  wiien  separated  by  stirring,  shows  a 
marked  deficiency  in  tenacity,  and  liquefies  completely  in  the  course  of  a  few 
hours.  A  part  of  tbe  albuminous  constituent  of  this  blood  does  not  present  the 
characters  of  true  albumen,  for  it  is  not  precipitated  by  heat  or  by  nitric  acid,  and 
the  precipitate  thruwn-dowu  by  alcohol  is  rodissnlved  by  water;  like  albumen, 
however,  it  is  precipitated  by  the  metallic  salts,  creusote,  and  tannin.  This  sub- 
Btance,  which  baa  been  distinguished  by  M.  Mialhe  as  albummoxfy  further  differs 
from  true  albumen  in  the  facility  with  which  it  traverses  organic  nicmbranes; 
for  these  resist  the  passage  of  albumen,  while  they  are  freely  trausuded  by 
albuminoso.     Aud  it  is  afl&rmed  by  M.  Mialhe,  that  the  want  of  that  conversion 

'  See,  on  this  subject,  tbe  reports  by  Soberer  in  "  Canstatt's  Jahrcsbericht"  for  1844  and 
Bubae<{uent  years,  »nd  the  works  therein  referred  to:  also  Mubler'a  "Chemistry  of  Aniotkl 
Bad  Vegitliible  Physiology,"  (transkted  by  Prof.  Johnston),  pp.  S88 — 344. — It  has  been 
lately  found  by  Bnich,  that  blood  impregnated  with  oxygen  becomes  darker  under  tbe  air- 
pump  ;  while  blood  8atarate<i  with  ciirbonic  iicid  and  placed  in  vacuo  did  not  become  lighter, 
bat  retBined  its  charactcrlHtic  dark  lint  (whether  treated  with  w«ter  or  not,  notwithstand- 
ibg  th«  lou  of  a  large  quantity  of  carbooic  acid.  (See  "  Zeitsch.  fiir  Wiaaen.  ZoU.,"  band 
iT,p.273.) 

•  Sec  biB  Memoir  in  the  Arch.  Qin.  de  Med.,"  4'  sine,  torn,  xviii.  p.  S22,  etseq. ;  and  his 
edition  of  his  father's  "EliJmens  dMnalomie  G^n^rnle,"  pp.  266.  266. 

*  Se«  the  Retioiirches  of  MM.  Buurcbardat  and  Sandras,  in  the  "  SuppMment  & 
aire  de  Th^r&peutique,"  1840. 
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of  albamioose  into  olbutueu,  which  otight  to  talce  place  as  part  of  the  assimilutlug 
proceM,  is  one  caus«  of  the  roadinetis  with  which  nlbiiiBiriou5  tuutter  trausudes 
from  the  blood  ia  albuminuria  and  in  dropsies  ;  this  albuniinoua  nmttcr  fretiucutly 
having  rather  the  characters  of  albuiiiinose,  than  those  of  tme  albuiuen.' 

184.  On  the  other  hand,  the  blood  of  the  Sphvie  veiu  ia  stated  by  M. 
K^l^clard  to  exhibit  a  notable  diminution  in  the  proportion  of  red  corpiuscles, 
whilst  its  atbuiuea  is  greatly  nugniented,  the  total  amoant  of  its  [tnlid  matter 
differing  but  little  from  that  of  arterial  blood;  as  is  shown  by  the  following  com- 
parative statement  of  the  proftortione  of  the  water  and  the  solids  of  the  blood  of 
the  eame  anitaal,  in  different  parts  of  its  circulation. 

External  Mommbry  Bpl«nia 

Jufcular  Vtln,  Aru>ry.  Vfin. 

Water 7789  7&U-6  74ti  3 

Albumen 79-4  85-9  124  4 

Corpuscles  and  Fibrin ....141-7  15e-9  128-9 

The  proportion  of  fibrin  seems  to  be  larger  in  the  blofld  of  the  splenic  vein,  than 
in  that  of  the  venous  system  in  geneml ;  but>  like  that  of  the  mesenteric  vein, 
the  separated  fibrin  is  deficient  in  tenacity,  and  early  passes  into  the  state  of 
liquefaction.* — That  the  Spleen  ordinarily  effects  a  marked  change  in  the  consti- 
tution of  the  blood  which  passes  through  it>  appears  also  from  the  analyses  made 
by  Mr.  Gray,*  of  the  blood  drawn  from  the  interior  of  the  organ  itself  after  its 
removal,  the  splenic  vein  having  been  previously  tied.  The  nature  and  amount 
of  these  changes,  however,  differ  in  a  very  marked  degree,  according  to  the  stage 
of  the  digestive  operation  and  the  genera!  condition  of  the  nutritive  functions ; 
and  it  is  to  this  circumstance,  that  we  are  probably  to  ascribe  much  of  the  diver- 
fity  in  the  results  obtained  by  previous  cipcrimentLTS.  A  marked  decrease  in 
the  total  amount  of  solid  matter  is  generally  ob.''ervable ;  the  average  of  twelve 
experimenters  giving  only  1871  per  lOOO  of  solid  constituents  in  the  spleuio 
blood,  whilst  the  arterial  blood  of  the  same  animals  contained  239  parts,  and  the 
jugular  venous  blood  201  parts.  This  decrease  depends  upon  the  diminished 
pri'portion  of  re//  corpii.vlrs,  which  seems  always  to  present  itself,  except  in 
starved  or  extremely  ill-fed  animals;  the  amount  of  this 
reduction,  however,  varies  extrf*mely,  having  been,  in  one  of  F'»  W. 

the  horses  experimented  on  by  Mr.  Gray  (Op.  cit.,  p.  157),        ^ 
somewhat  less  than  one-fourth,  in    another  about  one-third,       OTJ  .:^      If 
in  another  about  one-half,  in  another  as  much  ns  two-thirds,      M\  '^^        * 
and  in  another  no  loss  than  five-sevenths.     On  the  other  hand,     ^  Q\  ajf)    * 
the  alhuvxcn  usually  exhibits  a  marked  increase,  which  may  ^ 

even  double  its  previous  amount ;  and  this  seems  greatest  at  uiood- corpuwlM 
an  interval  of  some  hours  after  feeding,  fhc  fihrhi  seems  to  with  rod-like  yellow 
be  almost  constantly  augmented,  and  this  sometimes  in  a  very  cryttal*.  from  Sple- 
remarkable  degree ;  the  qunutity  found  in  the  splenic  blood  "'^llod'cdlf  ireat^ 
varj'iug  from  *2-5  to  11-53  parts  in  1000,  or  from  an  amount  ^Jj  ^\^  wni'er;  h, 
a  little  above  the  usuzd  standard,  to  nearly  six  times  that  free  crystala. 
average.  —  It  does  not  appear,  however,  that  the  increas^e  of 
fibrin  and  albumen  stand  in  any  such  relation  of  uniformity  to  the  diminution 
of  the  red  corpuscles,  that  the  augmentation  of  the  former  may  be  dire<'tly  at- 
tribated  to  the  disintegration  of  the  latter,  bo  that  these  changes  would  rather 
'  See  the  "  Cours  de  Physiologie"  of  M.  Paol  B^rarJ,  tom.  Hi.  p.  87. 

•  The  serum  of  tbe  blood  of  the  epleoio  vein  of  the  horse,  woi  found  by  M.  IWclard  li. 
two  inctinces  to  undergo  spontanvous  coagulation,  fiv(?  mid  eight  bours  uftor  Its  removii] 
fn)in  the  crassumentum,  in  contoct  with  wliich  it  had  been  left  fur  the  precpdiiiR  twctity- 
foar  hoars.  Tliis  ^pontnncous  coagulation  ioduccs  ihc  existence  of  a  compound  of  a 
fibriooua  nature,  which,  however,  could  not  have  been  fullj  elabornted,  eince  it  did  not 
coagaUle  with  the  true  fibrin,  and  which  differed  from  Btibutnen  in  the  spontancitj-  of  its 
change  of  state ;  and  we  may  consider  the  Bubataiico,  with  muclb  probability,  to  have  been 
in  a  trMnsition-etate  between  the  two. 

•  •'  On  the  Strocture  and  Usee  of  tJhe  Spleen,"  1854. 
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Beem  to  be  coneurrent,  tLan  to  be  nmtuallv  dependent.'  The  blood  of  ihe 
Splenio  vtiii  is  i'urllier  rciiiarkiiblo  tor  the  large  proportiuu  of  colourlehs  corpus- 
cles (apparently  derived  from  the  white  portion  of  its  parenchyma)  which  it  in- 
cludes; aud  also  for  contaiuing  a  uumbcr  of  peculiar  cells  includiug  rod-like 
crystals  of  redilish-yellow  colouring  matter  (Fig.  62),  which  sectn  to  be  red  oor- 
puecles  in  a  state  of  degeneration  (§  142,  ill). 

1S5.  31any  comparative  obserratioos  have  been  made  upon  the  blood  of  tl>e 
Vena  Portae  and  of  the  Hepatic  vein  ;  but  a  large  part  of  them,  according  to 
M.  CI.  Hernard,  are  vitiated  by  the  fact,  that,  unless  the  vena  portae  be  ti^,  a 
reflttit  of  blood  takes  place  into  it  frotn  the  liver,  so  that  the  blood  which  flo«9 
when  it  is  wouuded,  is  not  so  much  purtal  as  hepatic  blood.  According  to  ihix 
experimenter,  the  blood  of  the  hepatic  vein  is  peculiar  as  containing  an  increased 
proportion  not  only  of  sugar  but  also  of  fat;  these  subsiances  being  penerated, 
daring  the  passage  of  the  blood  through  the  liver,  not  only  from  amylaceous  or 
other  sacchuriue  mutters,  but  even  from  azotizcd  compounds.  The  production 
of  fat  is  to  a  certain  degree  vicarioua  with  that  of  sugar;  and  the  former  is  cha- 
racteristic of  herbivorous,  the  latter  of  carnivorous  auimals.  He  also  maintaios 
that  there  is  a  decided  augmentation  in  the  fjuanlity  of  fibrin  which  it  contain^:' 
but  although  be  is  probably  mistaken  on  this  point,  be  has  clearlj  shown  that 
the  albuminous  constituent  undergoes  some  change  in  passing  through  the  liver, 
by  which  it  is  rendered  more  fit  to  enter  the  general  circulation.' — According  to 
Prof.  Lehmaao,  the  blood  of  the  hepatic  vein  differs  from  that  of  the  portal  ia 
the  following  particulars.  "It  is  far  poorer  in  water;  so  that,  assutuiog  the 
solid  cuuslituents  of  the  blood  to  be  eijual  in  borh  kinds  of  blood,  the  quantitT 
of  water  in  the  blood  of  the  portal  vein  is  to  that  in  the  blood  of  the  hepatic 
vein  as  4  :  3,  during  digestion  and  when  not  much  driuk  has  been  taken,  and 
somotiiues  as  much  us  12  :  5,  after  digestion  has  been  fully  accomplished.  The 
clot  of  the  blood  of  the  hepatic  vein  is  bulky  and  readily  breaks-down.  WhiU 
34  parts  of  serum  are  separated  from  100  parts  of  portal  blood,  only  16  are  se- 
parated from  lUO  parts  of  the  biood  of  the  hepatic  vein.  The  blood  of  tie 
hepatic  vein  is  far  richer  in  blood-cells,  both  coloured  and  colourleas,  than  that 
of  the  portal  vein  ;  the  colourless  corpuscles  occur  in  the  most  varied  shapes  and 
sizes;  tho  coloured  are  seen  in  heaps  of  a  distinct  violet  colour,  aud  their  ct;ll- 
walls  are  less  readily  destroyed  by  water  than  are  those  of  the  blood  of  mott 
other  vessels.  While  in  the  blood  of  the  portat  vein  there  are  141  parta  of  moitt 
blood-cells  to  100  parts  of  plasma,  in  the  blood  of  the  hepatic  vein  there  are  317 

Earts  of  moist  llood-eells  to  100  of  plasma.  The  cells  in  the  blood  of  the 
epaiic  veins  arc  poorer  iu  fat  and  in  salts,  and  especially  in  bscmutia,  or  at 
least  iron,  but  somewhat  richer  in  extractive  matters.  Their  specifio  gravitT  is 
higher  than  that  of  the  cells  of  the  portal  bloody  notwithstanding  the  diminiiiicd 
quantity  of  iron.  The  plasma  of  the  blood  of  the  hepatic  veins  is  fur  denser 
than  that  of  the  blood  of  the  portal  vein,  tor  it  coutaius  a  niuch  larper  amouol 
of  solid  constituents  generally,  although  little  or  no  fibrin  is  to  be  found  in  it  (?). 
While  there  are  8-4  parts  of  solid  miittt-r  to  lUO  of  water  in  the  serutu  of  porttl 
blood,  there  are  11*8  parts  of  solid  mutter  to  an  equal  quantity  of  water  in  rbe 
serum  of  the  blood  of  the  hepatic  vein.  If  we  compare  the  solid  oonstitoctitf 
of  the  serum  of  both  kinds  of  blood,  we  find  less  albumen  and  fat,  and  far  lev 

*  It  secnia  obvious  tfaat  such  an  erroneoas  diminution  of  the  Red  Corpuscles  eaa  calj 
take  place  in  bluad  which  is  partially  or  oomplelely  stagnated  in  the  organ  ;  since  if  ti>« 
oirculuCioD  through  it  were  taking-place  at  the  usual  ruto,  all  the  blood  in  the  bodr  ytwM 
be  speeJvljr  subjected  tu  the  prucess,  and  its  corpuscles  would  be  (as  it  were)  cntiretT 
melted  down. — For  a  statemeat  of  Mr.  Gray'a  views,  with  critical  obserrationa  thereon, 
see  the  "  Drit,  and  For,  Mud.-Chir.  Itev.,"  Jan.,  1855. 

'  '•  L'Union  M^dicale,"  1849,  1850. — M.  Bernard  does  not  give  any  details  on  thje  Im* 
point ;  and  he  does  not  seem  to  have  made  allowaaoe  for  tiie  admixture  of  the  blood  ol 
tlie  hepatic  iirtcry  with  that  of  the  portal  vein. 

•  "tiiuclte  .Medicale,"  1850. 
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?aJfs.  in  the  blood  of  the  hepatic  Toin^  while  the  qoatitity  of  extractive  nmttor, 
including  pugar,  is  perceptibly  augmented."  '  —  It  cannot  be  doubted  thnt  when 
the  s^tTt'tion  of  urine  is  proceeding  with  rapidity,  the  blood  of  the  Renal  vein 
must  cont.iin  a  smaller  proportion  of  water  than  that  of  the  renal  artery,  and 
that  tbc  quantity  of  salines  also  must  be  diminished  ;  eince  a  separation  of  these 
ingredients  takes  place  in  the  passape  of  the  btood  through  the  renal  capillaries. 
So  for  as  re^rds  the  quantity  of  water,  this  a  priori  conclusion  has  been  con- 
6nned  by  the  analyses  of  Simon,  who  found  7f'0  parts  of  wator  in  1000  of  blood 
drawn  from  the  renal  arterj',  and  only  778  in  blood  drawn  from  the  renal  vein  of 
the  same  animal.*  The  proportion  of  salts,  however,  baa  not  been  analytically 
determined  to  be  different. 

186.  AUeralioni  in  the  Composition  of  the  Blood  in  Diseasf .  —  Und^r  tbia 
liead  it  is  intended  here  to  consider,  not  tlio  ftate  of  the  Blood  in  every  princi- 
pal type  of  disease  (which  it  is  the  duty  of  the  Pathologist  to  investigat*;),  but 
the  most  important  facts  which  the  study  of  its  morbid  conditions  has  afforded, 
loward8  the  determination  of  the  conditions  under  which  decided  variations  take 
place  in  the  quantity  or  quality  of  its  principal  components,  nnd  of  the  effccta 
which  those  variations  prwluce  upon  the  sy.stem  at  large.  The  first  series  of 
nach  connooted  researches,  as  afford  the  requisite  materials  for  this  inquiry,  was 
that  of  MM.  Andral  and  Gavarret.*  which  ia  ptill  of  standard  value;  this  was 
followed  by  the  investigations  of  MM.  Becquerel  and  Rodier;*  and  many  addi- 
tional analyses  have  been  made  by  Popp,  Simon,  and  other  observers.  For  the 
purpose  of  comparison,  however,  as  already  remarked,  it  is  desirable  to  employ 
tbo.«e  results  only,  which  have  been  ohtatned  by  processes  essentially  the  same  j 
and  hence  the  following  summary  will  be  chiefly  based  on  the  statements  of  the 
French  experimenters  whose  rcsearchts  have  been  just  referred-to. — It  is  neces- 
sary, however,  in  the  first  place,  to  assume  some  standard  of  oompo^iition,  which 
way  be  regarded  as  pufficiently  characteristic  of  health,  to  load  us  to  rank  any 
variation  which  passes  beyond  its  limits  as  essentially  morbid ;  and  this  standard 
must  be  fijted  according  to  the  method  of  analysis  employed.  Thus,  although  it 
lufl  been  shown  (§  170,  noft;)  that  the  calculation  of  the  proportionals  of  the 
principal  constituents  of  (he  blood,  from  the  results  obtained  according  to  the 
method  of  MM.  Andral  and  Gavarret,  must  be  held  to  be  in  it-self  erroneous, 
yet  as  the  same  method  was  followed  in  all  the  aoaiyses  of  morbid  blood  made 
by  them  and  their  successors,  the  requisite  standard  must  be  erected  upon  this 
foundation ;  and  the  following  may  thus  be  considered  as  the  normal  range  of 
variation  for  the  principal  constituents  of  the  blood  in  healthy  according  to  the 
foregoing  mode  of  estimating  them  : — 


Fibrin from  2  to  8J 

Red  corpuscles "  110  "  162 

Solids  of  Serum ••  72  *•  88 

Water "  760  "  816 


parta  per  1000. 


187.  The  first  of  these  components  whose  variations  we  shall  consider  is 
Fibrin;  the  estimate  of  which,  however,  is  open  to  an  important  fallacy,  that 
kas  not  been  sufBciently  guarded-against, — naiucly,  the  admixture  of  the  Colour- 
corpuscles.  "These,"  as  Mr.  Paget  correctly  remarks,  '^cannot,  by  any 
mode  of  analysis  yet  invented,  be  separat4?d  from  the  fibrin  of  mammalian  blood  ; 
their  compo-sition  is  unknown,  but  their  weight  jf»  always  iiictudcd  in  the  estimate 
of  the  fibrin.  In  health,  they  may,  perhaps,  add  too  little  to  its  weight  to  merit 
consideration  ;  but  in  many  diseases,  especially  in  iuftammatory  and  other  blood- 
diaeases  in  which  the  fibrin  is  said  to  be  increased,  these  corpuscles  become  so 

*  "  Physiological  Chemistry"  (Cavendish  Society's  Ed.),  vol.  ii.  p.  259. 

'  ••Simon's  .Animal  Chemistry"  (Sydenhiim  Society'e  Ed.),  vol  i.  p.  214. 
'  ••Essal  d' Hvmatologie  Pathologique." 

*  "  Recberches  sor  la  Composition  da  Sang  dAoa  I'Eut  d«  Sanl^  et  dtiDs  I'Etat  da 
Maladie." 
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numeroas  that  a  large  proportion  of  the  supposed  increafie  of  the  fibrin  most  be 
due  tq  their  being  weighed  with  it.  On  this  account,  all  the  statcmcDts  re- 
specting the  increase  of  fibrin  in  certain  diseases  oeed  revision."  '  Some  idea 
tooy  prubablv  be  formed  of  the  relative  proportion  of  fibrin  and  colonrleas  cor- 
puscles, in  the  colourless  coagulum  obtained  bj  stirring  the  blood  or  by  washing 
the  ordinary  clot,  or  in  that  which  forms  the  '  huffy  coat'  (§  205),  by  attending 
to  its  texture;  for  where  this  is  unusually  firm  and  alnaost  leathery,  as  it  com- 
monly is  in  the  blood  of  a  person  suffcriDg under  a  'sthenic'  infljammation, either 
the  proportion  of  fibrin  must  be  augmented,  or  ita  plasticity  must  be  increased, 
or  both  conditions  aiust  coexist ;  whilst,  on  the  other  hand,  when  the  colourless 
clot,  thou;^h  bulky,  is  deficient  in  tenacity  and  is  easily  broken  down  between 
the  fingers,  as  happens  with  that  of  blood  drawn  from  tubercular  eubjects  when 
no  inflammation  is  present,  the  ioerease  is  probably  due  rather  to  an  augmenta- 
tion in  the  colourless  corpuscles,  than  to  that  of  the  fibrin.  —  In  the  results  of 
the  analyscB  now  to  be  stated,  it  must  be  borne  in  mind  that  the  term  •fibrin' 
really  designates  the  ♦  colourless  coagulum '  of  spontaneous  formation,  whatever 
may  be  its  com  position. 

188.  The  most  important  fact  Bubstantiated  by  Andral,  ia  one  that  had  been 
previously  suspected, —  the  invariable  increase  in  the  quantity  of  Fibrin  duri 
acute  Inflammatory  affections;   the  increase  being  strictly  proportional  to 
intensity  of  the  inflammation,  and  to  the  degree  of  symptomatic  fever  acooi 
panying  it,     "The  augmentation  of  the  tjuautity  of  Fibrin  is  so  certain  a  si 
of  Irtflummation,  that,  if  we  find  more  than  5  parts  of  fibrin  in  1000,  in 
course  of  any  disease,  we  may  positively  affirm  that  some  local  inflammatti 
exists."     Several  cases  are  mentioned,  in  which  an  increase  to  7  or  7}  parts  t 

{>]ace  without  any  apparent  cause ;  but  in  which  it  afterwards  proved  that  seve: 
ocal  inflammation  had  been  present;  and  thus  wo  are  furnished  with  a  patliogn 
mic  sign  of  groat  importance.     The  average  proportion  of  Fibrin  in  loflammatioif 
may  be  estimated  at  7;  the  minimum  at  5;  the  maximum  at  13-3.    The  greatest 
nugmcntatiun  is  seen  in  Pneumonia  and  Acute  Rheumatism.     It  does  uot  appear 
that  in  robust  athletic  persons,  the  proportion  of  Fibrin  is  greater  than  in  those 
of  feeble  constitution;  in  the  latter  it  is  the  corpuscles  that  are  deficient;  and 
it  is  rather  from  this  disproporlion,  than  from  an  absolute  excess  of  Fibrin,  that 
their  greater  liability  to  Inflammatory  affections  arises.     Diseases  which  com- 
mence at  the  same  time  as  the  luflanimation,  or  which  eo-exist  with  it,  do  not 
prevent  the  characteristic  increase  of  Fibrin;  thus  in  Chlorotic  females,  the  pro- 
portion rises  to  6  or  7,  under  this  iufluence.     The  augmentation  is  observed  at 
the  very  outset  of  the  affection ;  the  quantity  increases  with  its  progress ;  and 
a  decrease  shows  itself  when  the  disease  begins  to  abate.*     When  the  disease 
presents  alternations  of  increase  and  decline,  these  are  markod  by  precisely-cor- 
responding changes  in  the  quantity  of  Fibrin.     An  augmentation  is  commonly ^^ 
observable  during  the  advanced  stage  of  Phthisis,  in  spite  of  the  deterioratioi^H 
which  the  blood  must  then  have  undergone ;  this  ia  probably  dependent  upoir^H 
the  development  of  local  ioflammation  around  the  tubercular  deposits.     In  one 
of  Popp's  observations,  the  proportion  of  fibrin  in  the  blood  of  a  phthisicai^— 
patient  was  not  less  than  lO-f. — Some  experiments  performed  by  M.  Andral  oi^H 

'  Kirkcs  and  Paget's  "Manual  of  Phjaiology,"  2d  Am.  Ed.,  p.  56. 

*  By  experimcDta  oa  animals,  M,  Andral  has  ascertained  that  no  circamataace  of  pr«< 
vtous  debility  or  priTaLion  preventa  this  oharaoteriatic  change.  Uaving  ascertained  the 
amount  of  fihria  in  the  blood  of  three  dogs  to  be  2-3,  2-2,  and  16  (the  natural  range  for 
tlicae  animals),  he  deprifed  them,  completely  or  partially,  of  food.  On  the  fourteeath 
day,  the  proportion  of  fibrin  bad  riaen,  in  the  first  to  -i-S,  and  in  the  fleooDd  to  4-0 :  these 
animals  bad  no  food.  In  the  third  dog,  which  was  aupplied  with  a  very  small  quantity  of 
food  daily,  the  same  condition  developed  itself  at  a  later  period;  the  blood  on  the  four- 
teenth day  exhibiting  only  18  parte  of  fibrin,  but  on  the  twenty-second  day  presenting  8'8 
(larti. — In  all  these  instances,  the  elevation  in  the  proportion  of  Fibrin  was  caincident  with 
nflauimatury  changes  La  the  atomacb. 
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the  blood  of  pregnant  women,  seem  to  lead  to  the  conclusion  that,  during  the 
first  f\x  months,  the  Fibrin  is  helow  the  normal  st4indard ;  and  that  it  subse- 
qnentlv  varies,  usually  underpoins;  an  augmentation  between  the  sixth  and 
gevenih,  and  the  eiublh  and  ninth  aioiith>i.  Tlir>re  is  a]«)  a  dimtnutiou  in  the 
Corpuscles ;  and  these  circumstances  coiubined  favour  the  production  of  the 
•huffy  coat'  (§  tiOG).  These  observations  arc  confirmed  by  those  of  MM.  Bec- 
querel  and  Rodier. 

189.  It  appears  obviona,  from  what  baa  been  juat  stated,  that  the  increase  in 
the  quantity  of  Fibrin  is  not  fhpnuhni  vpon.  the  febrile  condition  which  is 
pecondary  to  the  local  inflammation,  but  upon  the  luflaiumatlon  itself.    This  con- 
clusion is  confirmed  by  the  interesting  fact  that,  in  idiopathic  Fever,  the  propor- 
tion of  Fibrin  is  diniioishcd,  instead  of  undergoing  an  increase.     This  diminu- 
tion was  citnstantly  observed  by  Audral  in  the  premonitory  stage  of  Oontiuucd 
Fever;  in  some  instances  the  amount  wa.<»  no  more  than  16  parts  in  lOOO.    The 
proportion  of  Corpuscles  was  found  to  have  usually,  but  not  constantly,  under- 
gone an  increase;  as  had  also  that  of  the  solid  parts  of  the  ijerum.     lu  ordinary 
l)ontinued  Fever,  in  which  there  was  no  evident  coinpHeation  from  local  disease, 
the  quantity  of  Fibrin  varied  from  4-2  to  2-2  ;  that  of  the  Corpu.sclcs  from  185-1 
to  103  6  (exfludinp  a  ca«e  in  which  their  amount  was  only  82  o,  which  was  that 
of  a  Chlorotic  female);  that  of  the  solid  uintter  of  the   Serum,  from  98-7  to 
J»0-9  ;  and  that  of  the  Water  from  7256  to  851-9.      Hence  the  quantity  of  solid 
matter  appears  to  be  usually  increased ;  but  the  peculiar  condition  of  the  blood 
in  this  disease  may  probably  be  stated  to  be  (so  far  as  regards  the  proportions  of 
its  priui'ipal  constituents)  a  diminution  of  the  Fibrin  in  proportion  to  the  Red 
Corpuscles.     When,   however,  a    local  Inflamnintory  aCeetion    developes    itself 
ins  the  course  of  the  Fever,  the  amount  of  Fibrin  increases;  but  its  aug- 
tation  seems  to  be  kept-down  by  the  febrile  condition.     In  Typhoid  Fever,* 
the  decrease  in  the  proportion  of  Fibrin  is  much  more  decidedly  niarked ;  this 
does  not  depend  upon  abstirienee ;  for  it  censes  a«  soon  as  a  favourable  change 
occurs  in  the  disea!«e,  long  before  the  efF<PCt  of  food  could  show  itself     In  the 
various  cases  examined  by  Andral,  the  blood  furnished  a  maiiuiura  of  37  of 
fibria.  and  a  minimum  of  0-9;  in  this  last  case,  the  typhoid  condition  eisisted  in 
extreme   intensity,  yet  the  patient  recovered.     The  proportion  of  Corpuscles 
TBiies  considerably;  in  an  early  stage  of  the  disease  it  is  usually  found  to  bo 
abfiolutely  high ;  and  it  always  remains  high,  relatively  to  the  amount  of  fibrin. 
In  Tjrphoid  Fever,  then,  the  abuormal  condition  of  the  Blood,  in  rejjard  to  the 
diaproporlion  between   the  corpuscles  and  the  fibrin,  is  more  strongly  marked 
thain  in  ordinary  continued  fever;  yet  the  usual  nujrmcntatlon  of  fibrin  will  take 
place,  if  a  local   inflammation  developes   itself.  —  In  'putrid'  or   'malignant' 
fevers,  there  appears  to  be  a  very  marked  diminution,  not  only  in  the  fibrin,  but 
in  the  other  solid  constituents  of  the  blood ;  and  in  their  advanced  stages,  the 
blood  may  entirely  lose  its  power  of  coagulation.     Thus  in  a  ca^;©  of  'typhus 
abdominalis,'  in  which  the  blood  was  analysed  by  Simon,  he  found  only  112o 
part«  of  solid  matter,  of  which  54  parts  were  albumen,  the  corpuscles  only  con- 
stituting \1\  parts,  and  the  fibrin  being  altogether  deficient.     In  the  Exaiithe- 
matous  Fevers,  it  does  not  appear  that  the  proportion  between  the  fibrin  and  the 
corpuscles  undergoes  so  striking  a  change,  as  in  ordinary  continued  fever;  but 
the  number  of  cases  examined  has  been  too  small  to  admit  of  decided  conclu- 
S0D8.     It   is  evident,  however,  that  the  specific  Inflammations  proper  to,  and 
ebaracteristic  of,  these  Fevers,  have  not  the  same  effect  in  oocasioning  an  increase 
of  the  Fibrin,  as  an  intercurrent  Inflammation  of  an  extnmeoua  character. — It 
b«8  been  assorted  that  the  proportion  of  Fibrin   is  diminished  in  Si'urvy;  but 

Lthi«,  from  the  analyses  of  MM.  Bec"[uerel  and  Rodier,  Cbatia  and  Bouvier,'  and 
'  M.  Aodr&l  confines  thig  term  to  the  species  cbaracterised  \>j  ulceration  of  the  mucoua 
folliolea  of  tb«  intestiual  canal. 
^»  Joum.  de  Cbimie  M^dicale."  Mars.  1848. 
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Mr.  G.  Busk,'  appears  not  to  bo  the  caae,  tUe  proportion  of  fibrin  bciog  nUter 
above  thun  below  the  normal  average.  In  Cbolem,  however,  a  reduction  in  the 
cua^uluble  element  of  the  blood  seema  to  be  an  almost  constant  occurreoce;  and 
in  some  iiietaiQces,  the  blood,  although  loaded  with  solid  matter,  has  soaroelj 
coa^ulute<i  at  all.  Of  the  blood  drawn  durinu;  life,  it  has  been  observed  that  Uio 
clot  is  looec  and  grumouB,  often  not  shrinking  and  expelling  seruni ;  and  that 
tliis  change  preeenU  itself  in  a  degree  correspaudiDg  to  the  severity  and  advaDC^ 
Btage  of  the  disease.  And  when  the  blood  has  been  removed  from  the  body 
after  death,  the  clota  have  been  found  loose  and  fragile  in  texture,  eoDietimei 
almost  sfuij-fluid.'  —  It  appears  from  the  experiments  of  Magetidie,  that  one  of 
the  effects  of  a  diminution  in  the  proportion  of  Fibrin,  is  a  tendency  to  the  oo- 
curreuce  of  Hajniorrhage  or  of  Conp:est!on,  either  in  the  parenchymatous  tissDe, 
or  on  the  surface  of  membranes:  and  these  conditions  are  well  known  to  be  of 
fre(|ueut  occiurronce,  as  complicationa  of  many  of  the  above  disorders.  A  marked 
i-diuiinutioD  of  Fibrin  was  noticed  also,  by  M.  Andral,  in  many  cases  of  Cerehnl 
Congestion,  which  commences  with  headache,  vertifjo,  and  tendency  to  epistaiis, 
and  not  untrequently  passes  into  coma  and  apoplexy.  In  Apoplexy,  the  diminu- 
tiou  of  Fibrin  was  still  more  striking;  and  in  general,  there  was  found  to  be  aa 
increase  of  the  Curpuscles.  In  one  instance,  the  quantity  of  Fibrin  on  the 
second  day  of  the  attack  was  found  to  have  fallen  to  I't*,  whilst  that  of  the  Cor- 
puscles bad  risen  to  ITGo;  but  on  the  third  day,  when  the  patienl's  coD8cioa8> 
ness  began  to  return,  the  quantity  of  li'ibrin  was  3-5,  whilst  that  of  ihe  Cor- 
puscles had  fallen  to  137  7.  It  would  seem  from  the  great  change  in  the  cha- 
racter of  the  Blood,  which  was  noticed  in  this  and  in  other  instances,  that  the 
want  of  due  proportion  between  the  Fibrin  and  the  Corpuscles  may  have  been 
the  cause,  rather  than  the  effect,  of  the  Apoplectic  attack.  In  u  case  of  Purpura 
Hainiorrhagica,  in  which  the  blood  was  analysed  by  Routier,^  the  proportion  of 
corpuscles  was  normal  (nearly  122  parts  in  1000},  whilst  the  fibrin  only  amoiinted 
to  0  9  prta  in  1000. 

190.  The  amount  of  Red  Corpiuclet  seems  to  be  subject  to  greater  variatioa 
within  the  limits  of  ordinary  health,  than  is  that  of  fibrin,  lu  the  condition 
which  is  ordinarily  termed  a  highly  sanguineous  temperament,  or  Plethora,  it  is 
chiefly  the  entire  mass  of  the  blood  that  undergoes  an  increase ;  hut  whatever 
excess  there  niay  be  in  the  proportion  of  its  solid  constttucuts,  this  affects  the 
Corpuscles  rather  than  the  fibrin.  Plethoric  persons  are  not  more  prone  to  In- 
flatnmation,  than  are  those  of  weaker  coubtitution;  but  they  are  liable  to  Con- 
gestion, especially  of  the  brain,  and  to  apoplexy  or  other  ba;niorrhage.  The 
effect  of  bleeding  in  diminishing  this  tendency  is  now  intelligible;  since  v« 
know  that  loss  of  blood  reduces  the  proportion  of  corpuscles. — -On  the  other 
hand,  in  that  temperament,'  which  when  exaggerated,  becomes  Ano^uiia,  there  ia 
a  marked  diminution  of  the  Corpuscles j  tins  temperament  may  lead  to  two 
different  conditions  of  the  syetem.  Ia  Chlorosis,  the  Red  corpuscles  are  di- 
minished, whilst  the  Fibrin  renuiins  the  same^  so  that  the  clot,  though  small,  ia 
firm,  and  not  unfrcqueutly  exhibits  the  huffy  coat;  in  soiue  extreme  cases  of  this 
diseaiie,  the  Corpuscles  have  been  found  as  low  as  27.  The  influence  of  the 
remedial  administration  of  Iron,  in  increasing  the  quantity  of  Corpu^icles,  was 
rendered  extremely  perceptible  by  Andrul's  analyses;  in  one  instance,  after  iron 
had  been  taken  for  a  short  time,  the  proportion  of  Corpuscles  was  found  to  have 
risen  from  40  7  to  64*3;  whilst  in  another,  in  which  it  had  been  longer  con- 
tinued, it  had  risen  from  4t>  0  to  95  7.     On  the  other  hand,  Bleeding  reduced 

'  •'  Library  of  M&diclne,"  vol.  t.  p,  90. 

*  See  Dr.  Farkea'a  "  RceeitrcheB  into  the  Patholoj;^  and  Treatment  of  the  AiiotiQ  or 
Algide  Cholera,"  pp.  82,  73. 

*  "QKzetla  dca  Tlopltaui,"  torn.  vi.  No.  90. 

'  Tbfl  term  bjmphatic  has  bePD  applivil  to  this  temperament;  by  which  term  waa  meaat 
%  predominaaci}  of  l^mjih  in  the  abaorlent  vessebi. 
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Btill  lower  the  proportion  of  Corpuscles ;  tlius  ia  one  instance,  their  amount  was 
founds  on  a  second  bleeding,  to  liuve  suwk  from  6'28  to  49.  The  full  proportion 
of  fibrin  in  the  blood  of  ChliTotic  patients,  seems  to  account  for  the  iufretiuency 
of  Ha?raorrhage  in  them ;  whilst  it  aho  leads  us  to  perceive  that  they  may  be, 
equally  with  others,  the  subjects  of  acute  Inflammation,  which  we  know  to  be 
ibc  fact.  But  a  diminution  of  Corpus:cle9  maj?  coexist  with  a  diminution  in  the 
.^Qount,  or  in  the  degree  of  elaboration,  of  the  fibrin ;  and  this  condition  eeems 
tobe  cfaaraclcrifitic  of  Scrofula.  Audral  haa  noticed  a  diminution  in  the  pro- 
portion of  Red  Corpuscles  in  other  Cachectic  states,  resulting  from  the  influence 
of  various  depressing  causes  on  the  nutritive  powers;  as  in  a  case  of  Diobetei 
McUitus,  in  which  the  patient  was  much  exhausted;  in  a  case  of  Aneurismal 
dilatation  of  the  Heart  inducing  Dropi^y ;  and  in  Beveral  cases  of  Cachexia 
Saturnina.  The  proportion  of  lied  Corpuscles  seems  constantly  to  undergo  a 
marked  diminution  in  Scurvy  :  and  has  been  found,  in  sonic  cases  of  this  disease, 
as  low  ta  in  intense  Anajmia.  The  same  may  be  said  of  the  advanced  stage  of 
IJright'a  disease  of  the  Kidney,  and  of  *  Leucocythajmia.'  A  very  rapid  difin- 
t«jrration  of  the  Red  Corpuscles  appears  sometiraes  to  take  place,  when  a  morbid 
)D  is  present  in  the  blood,  or  when  its  composition  tins  been  t<eriously  affected 
the  loss  of  it«  other  constituents.  Thus  I)r.  C.  J-  B-  Williams'  mentions  a 
esse  of  Albuminuria  proving  fatal  in  six  day»,  with  effusion  of  pus  into  the 
joints  the  day  before  death,  in  which  the  colouring  matter  was  found  to  be  dis- 
solved in  the  liquor  sanguinis,  scarcely  any  perfect  corpuscles  being  left.  He 
baa  also  observed  a  similar  total  destruction  of  the  blood-discs  in  a  case  of 
malignant  scarlatina  with  purpura;  and  has  met  with  indications  of  a  partial 
destruction  of  them  in  acute  purpura  connected  with  juuudicc,  and  in  cases  of 
faoctional  derangement  of  the  liver. 

191.  A  marked  increase  in  the  proportion  of  the  Cohnrleis  Corpuscles  has 
been  frequently  observed  in  the  blood  of  Inflamroatory  subjects;  this  inoreajte  is 
Dut,  however,  so  cbaracterisiio  of  the  Inflammatory  state  as  some  have  supposed  ; 
for  it  is  by  no  mcaus  constant  iu  that  condition,  and  it  ia  frequently  seen  in  very 
different  states  of  the  system  (§  lil2).  Attention  has  recently  been  drawn  by 
Prof.  J.  H.  Beunett*to  a  condition  of  the  Blood,  which  is  especially  charac- 
terized by  a  marked  excess  of  these  bodies,  and  which  he  has  designated  by  the 
term  Lrucocythamia  (white-cell-bluod).  This  condition  baa  been  detected  ia 
the  blood  of  a  considerable  number  of  individuals  suffering  under  disease  (ntost 
commonly  enlargement)  of  the  Spleen,  Liver,  and  Lymphatic  glands,  either  sepa- 
rately or  in  conjunction ;  but  it  has  not  yet  been  detennined  how  far  it  is 
constantly  associated  with  any  of  these  abnormal  conditions.  In  all  cases  in 
which  Huch  blood  has  been  analyzed,  its  Bpecitic  gravity  has  been  found  very  low, 
and  the  total  amount  of  solids  small  (being  in  one  instance  119  parts  in  1000); 
but  the  fibrin  is  almost  invariably  above  the  average,  having  in  one  instance 
risen  to  7*08.  The  total  amount  of  corpuscles  is  considerably  reduced,  having 
ranged  in  six  analyses  between  49-7  and  101'6,  the  average  having  been  82'ot5; 
and  so  large  a  proportion  of  the  whole  mass  was  in  some  instances  determined  by 
the  microscope  (no  mean.«j  being  at  present  known  of  physically  geparaling  these 
two  orders  of  bodies)  to  be  of  the  colourless  kind,  that  the  amount  of  rfd  cor- 
poscles  must  have  been  exceedingly  small.  The  proportion  of  solids  in  the  serum 
does  not  seem  to  undergo  any  decided  alteration.  No  marked  change  in  the 
condition  of  the  blood  could  be  detected,  during  the  progress  of  any  of  the  cases 
which  were  under  observation  for  long  periods ;  and  the  circumstances  under 
which  the  commencement  of  this  morbid  perversion  occurs,  are  still  quite  unknown 
When  the  colourless  corpuscles  are  present  in  very  large  amount,  they  give  to  tho 
colourless  coagula  found  in  the  heart  and  large  vessels  after  death,  a  dull  whitish 

L colour,  and  render  them  friable. 
*  *'  Principles  of  Medicine,"  8d  Am.  Etl.,  p.  &0. 
■  Sm  his  BucccsstTS  Papers  in  the  "  Edinb,  Monthly  Joum&Ir'^  for  1851,  and  hia  Treatise 
"On  Lcucocytliu.tuiu." 
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192.  Tbe  quantity  of  Albumen  in  the  blood  fleenis  to  vary  leas  than  that  of 
most  of  its  other  eonatiJuents.  The  proporti(»n  ■which  it  bears  to  the  water  of  the 
eerura,  is  of  course  elevated  bj'  anything  which  dlminishea  the  latter  ;  and  thus  we 
fiud  it  hijjh  in  cholora  after  profuse  discharges  of  flnid  from  the  intestinal  canal,  ond 
ID  other  caseit  in  which  tlicre  has  been  an  unusual  drain  upon  the  liquid  part  of 
the  blood,  provided  tbat  the  albumen  do  not  pass  off  with  it,  as  80ineliine<i  litp- 
pens.  Where  some  special  cause  is  in  operation,  which  favours  the  escape  of  tbe 
albumen  from  the  circulating  current  (ns  happens  in  various  forma  of  Albumin- 
uria, but  espociallj  in  the  advanced  stage  of  '  Bright 'a  disease'),  the  amount  of 
albumen  in  tbe  eerum  is  reduced  below  the  normal  etandard.  Thus  Dr.  Christi- 
son  found  the  entire  solids  of  the  senira  to  be  reduced  in  aome  instances  to  55  or 
even  52  parts  in  1000,  his  estimate  of  thtir  normal  amount  being  83-4 ;  and  he 
found  the  specific  pniviiy  of  tlic  serum  to  fall  as  low  as  1020  or  even  1019.  the 
nontial  standard  being  from  1027  to  1031.  According  to  Andral,  the  diminution 
in  the  amount  of  Albumen  in  the  Serum  is  exactly  proportioned  to  the  quantitj 
contained  in  the  Urine.' — The  proportion  of  j'atfY  matter  in  tbe  serum,  aod 
especially  of  tbe  cholesterin,  has  been  found  by  MM.  Bccquercl  and  Kodicr  to 
undergo  an  increase  at  tbe  commencement  of  most  acute  diseases;  and  they  hate 
also  observed  an  increaijc  of  fat,  and  especiully  of  cholesterin  in  chronio  dtseaaa 
of  the  liver,  in  Bright'a  disease  of  the  kidney,  and  in  tuberculosis.  The  quantity 
of  fat  iu  the  blood  sometimes  uudorgoes  such  an  augmentation,  as  to  give  to  the 
Ecrum  a  constant  '  unlkiness.'  This  has  been  observed  by  Marcet  in  a  case  of 
diabetes,  by  Traill  in  hepatitis,  by  C'hristison  in  dropsy,  icterus,  and  nephrith?.  by 
Zanarellt  in  pneumonia,  and  by  8ton  in  mammary  abscess.  In  Dr  Traill's  case, 
the  whole  amount  of  solid  matter  in  the  serum  wa.?  *211  parts  in  1000;  aa  muchat 
157  parta  being  albumen,  whilst  45  were  fat.  In  Zanarelli's  case,  the  blood  wn- 
tuined  so  small  a  proportion  of  red  corpiJst;les,  that  it  seemed  milky  when  it  first 
flowed  J  and  it  did  not  undergo  a  regular  coagulation,  but  merely  separated  into 
a  thicker  and  a  tliinner  portion.  This  blood  only  contained  95  parts  of  solid 
constituents  in  1000;  aeid  10  parta  of  these  consisted  of  fatty  matter,  and  9 
parts  of  extractive  and  salines';  so  that  the  whole  amount  of  hbrin,  corpuscles, 
and  albumen  was  only  70  parts.  In  Dr.  Siou's  case,  also,  the  blood  itself  was 
quite  milky;  it  underwent  no  coagulation;  and  only  a  ver)*  fmall  quantity  of 
colouring  matter  was  deposited,  when  it  was  allowed  to  stand.  This  blood  WM 
found  by  Lecauu  to  contain  200  parts  of  solid  constituents  in  1000;  but  of  these 
no  less  than  117  parts  were  fat,  the  remainder  consisting  of  albumen  ^64  parts), 
and  of  extractive  and  salines  (25  partti).     No  fibrin  could  be  founa,  and  the 

'  A  case  is  related  b;  Andral,  under  this  bead,  wbich  affords  an  intereeting  exempUfica* 
tion  of  the  generul  facts  that  haTe  been  attained  by  his  investigation.  A  woman  who  haJ 
been  suffering  from  Erysipelas  of  the  face,  and  had  lost  blood  both  by  Tenescction  and  by 
leeches,  became  the  subject  of  Albuminuria.  Tbe  blood  drawn  at  this  time  exhibited  a 
conaidcrable  diminution  in  the  proportion  of  Corpuscles,  aa  well  as  of  Albumen, — a  fact 
which  tbe  previous  lo8«  of  blood  fully  accouuted  for.  After  a  short  period,  daring  which 
she  had  been  allowed  a  fuller  diet,  another  experimental  bleeding  exhibited  an  increase  in 
tbe  proportion  of  Corpuscles.  Some  time  aftervrnrds,  when  the  Albumen  had  disappeared 
from  the  Urine,  some  more  blood  was  drawn  ;  and  it  was  then  observed  that  the  Albumen 
of  the  Scrum  had  returned  to  its  due  proportion,  but  that  the  Corpuscles  had  again 
dimiiiiHhed,  whilst  there  was  a  marked  increase  in  the  quantity  of  Fibrin.  This  alteration 
was  fully  accounted-for  by  the  fact,  that,  in  the  interral,  several  Lymphatic  ganglia  in 
the  neck  had  been  inflamed  and  had  suppurated ;  liud  tbat  the  patient  had  been  a^ain 
placed  on  very  low  diet  "  Thus,"  observes  Andral,  "  we  were  enabled  to  give  a  complete 
esplanAtioD  of  the  remarkable  oscillations  which  were  presented,  in  the  proportion  of  the 
different  elements  of  the  blood  drawn  at  three  different  times  from  the  same  individual; 
and  thus  it  is  that,  the  more  eiteuded  are  our  enquiries,  the  more  easy  does  it  become  te 
refer  to  general  principtes  the  causes  of  all  thosie  changes  in  the  composition  of  tbe  blood. 
«hioh,  from  the  frequency  and  rapidity  with  which  they  occur,  seem  at  first  sight  to  baffle 
all  rules,  and  to  take  place,  as  it  were,  at  random.  In  tbe  midst  of  this  apparent 
order,  there  is  bat  the  fulfilment  of  lowi ;  and  in  order  to  obtain  these,  it  is  only  n< 
to  strip  the  phenomena  of  their  complications,  &ad  reduce  them  to  their  simplest 
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qqanttty  of  haemnto-plohulin  was  Inappreciable.'  Such  a  fluid  roust  be  considered 
rath».T  as  chjle  ihoti  as  Mood  ;  and,  in  the  entire  absence  of  coagulating  power, 
correspouda  rather  with  chyle  when  first  nbsoTbed,  than  with  that  which  is  usually 
transtiiitted  by  the  thoracic  duct  (§  135). — Little  is  known  with  certainty  regard- 
ing the  vjiriations  of  the  alknllne  salts  in  the  blood  in  different  diseaecs.  The 
analyses  which  have  been  made,  however,  are  crmsidered  by  Prof.  Lehman*  to 
indicAte  that  in  very  flcvere  inflammations  they  are  very  niuph  dimiiii.«*hed; 
whilst  they  are  much  increased  in  the  acute  exanthemata  and  in  typhus,  in 
dywntery,  Bripbt's  disease,  and  all  forms  of  dropsy  and  hydrooniia;  and  are  often 
doubled  in  quantity  in  diseases  depfntJine  upon  malarious  iufluences,  such  as 
endemic  dysentery,  malienant  forms  of  intermittent  fever,  &c.  Although  a  largo 
i|aantity  of  saline  matter  passes-off  from  the  blood  in  Cholera,  yet  the  proportion 
of  water  discharged  is  so  much  preuter,  thai,  as  appears  from  the  analyses  of 
I>r.  (ranxNl,  the  per-centage  of  salines  in  the  blood  is  rather  increased  than 
dimioiabed.' 

19S.  The  proportion  of  Watrr  in  the  blood  will  of  course  vary  reciprocally 
with  that  of  the  solid  constituents;  and  will  be  especially  augmented  when  there 
is  a  marked  diminution  in  the  amount  of  red  corpuscles.  When  there  is  an  cx- 
cesaive  and  constant  drain  upon  it,  as  in  diabetes,  there  is  at  the  same  time  such 
a  craving  for  liquids,  as  causes  the  rjuatitity  ingested  to  supply  the  deficiency 
oc^i'asioncd  by  its  removal ;  so  that  the  mass  of  the  blood  is  not  thereby  dimi- 
nished. In  Cholera,  however,  the  case  ia  diffprent;  for  in  that  form  of  the 
disease  attended  with  copious  discharges,  the  reduction  in  the  liquid  constituent 
of  the  blo<»d  becomes  very  marked,  however  large  may  be  the  quantity  of  water 
ingested.  This  is  remarkably  shown  by  the  analyses  of  Lecanu,*  who  found  tho 
proportion  of  Bolid  constituents  in  some  instances  even  to  exceed  that  of  the 
water. 

Solid  constitneTits 251        880        340        520 

Water 749        670        660        480 

No  such  degree  of  reduction  has  been  observed  by  others ;  still  the  general  fact 
IS,  that  the  proportion  of  water  i.s  considerably  diminished. 

194.  That  the  Blood  is  subject  to  a  great  variety  of  other  morbid  alterations, 
which  are  sometimes  the  causes,  and  sometimes  the  retiults,  of  Disease,  cannot 
be  for  a  moment  doubted.  But  our  knowledge  of  the  nature  of  these  changes 
is  as  yet  very  insufficient.  The  great  amount  of  attention  which  is  being 
directed  by  Chemical  Pathologists  to  the  subject,  however,  will  doubtless  ere 
long  produce  some  important  results.  —  Among  the  most  frequent  causes  of  de- 
pravation in  the  character  of  this  fluid,  we  must  undoubtedly  rank  the  retentionj 
in  the  Circulating  current,  of  matters  which  ought  to  be  removed  by  the  Excre- 
tory processes.  We  shall  hereafter  see,  that  a  total  interruption  to  the  excietion 
of  Carbonic  Acid  by  the  lungs,  wilt  occasion  death  in  the  course  of  a  very  few 
minutes  (§  326") ;  and  even  when  only  a  slight  impediment  is  offered  to  it,  *o 
that  the  quantity  of  carbonic  acid  always  contained  in  arterial  blood  is  augmrnlfd 
to  but  a  small  degree,  a  feeling  of  discomfort  and  oppression,  increasing  with 
the  duration  of  the  interruption,  is  speedily  produced.  The  results  of  the  re- 
tention of  the  materials  of  the  Biliary  and  Urinary  excretions  will  be  hereafter 
COfMndered  (chap,  tx.)  ;  and  at  present  it  will  be  only  remarked,  that  such  re- 
teotiotl  is  a  most  fertile  source  of  slight  disorders  of  the  system,  that  it  is  largely 
eonwmed  in  producing  many  severe  diseases,  and  that,  if  incomplete,  it  will 
most  certainly  and  rapidly  bring-about  a  fatal  result.  —  The  most  remarkable 
cases  of  depravation  of  the  Blood,  by  the  introduction  of  matters  from  without, 

'  Thi4  remarkable  case  is  cited  in  SimoD'a  "Animal  Cbeinietrj,"  vol.  L  p.  333,  front  tlie 
"  Lancett*  FraiisRise,"  183-5,  No.  49, 

•  ♦•  I'hvsiologicnl  Chemistry"  (Cavendish  Society's  Ed.),  vol.  ii.  p.  262, 

•  ••  London  Joumiil  of  Medicine,"  May,  1849 

•  ••  Etudes  Chiraiqae*  vat  le  Saog."  p,  106 
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are  tho#e  in  which  these  subfltances  set  as  frrmenis,  exciting  such  Chemical 
changes  in  the  constitution  of  the  fluid,  that  ita  whole  chamrter  is  speedily 
changed,  and  its  vital  properties  are  altoprethcr  destroyed.  Of  sach  an  occur- 
rcDce,  we  have  characteri-iic  examples  in  the  severe  forms  of  T^'phoid  fever, 
commonly  termed  mnlitjunut ;  in  Plague,  Glanders,  Pustule  Maligne,  and  Mve- 
ral  other  diseases;  in  B<jroe  of  which  we  can  trace  the  direct  introduction  of  the 
poison  into  the  bkxKl,  whilst  in  others  we  must  infer  (from  the  similarity  of 
result)  that  it  has  been  introduced  through  some  obscure  chonnel,  probubly  the 
lun'ra.  The  evidence  which  we  possess  of  the  *  inioiication '  of  the  BIoikI,  in 
these  and  other  cases,  derived  from  the  perversion  of  the  nutritive  oporatioDS 
which  it  iodacea,  will  be  considered  in  the  next  Section. 

8.   0/  the  Vital  Propertiei  of  the  BfootJj  and  it*  Jiefationt  to  the  Living 

Organism. 

105.  It  cannot  be  doubted  that  the  perfect  and  regular  performance  of  the 

various  acdons  ta  which  the  Blood  is  subservient^  is  depcDdent  upon  the  admix- 
ture uf  it-s  principal  components  in  their  due  proportions,  and  upim  its  freedom 
from  deleterious  matters,  whether  formed  within  the  system,  or  introduced  into 
the  circulntiiig  current  from  without.  And  it  is  not  difficult  to  see  bow  any  con- 
eidcrahle  alteration  which  affects  its  physical  conditions  merely,  may  thereby 
produce  a  most  serious  di.iturbance  in  the  regularity  of  the  circulation,  and  in 
the  functions  to  which  it  ministers.  Thus  it  has  been  shown  by  the  experiments 
of  Poisscaillo,'  that  a  certain  degree  of  vLscidity  is  favourable  to  the  motion  of 
liquidn  through  capillary  tubes;  a  thin  solution  of  sugar  or  gum  being  found  to 
travtirse  them  more  readily  than  pure  water  will  do.  Hence  any  serious  altera- 
tion in  the  proportion  of  the  organic  and  saline  compounds  dissolved  in  the 
li'iuor  sanguinis,  and  especially  in  that  of  the  Fibrin  (on  which  the  vis- 
cidity of  the  blood  appears -chiefly  to  depend),  might  be  expected  to  prodac« 
ob.struction  in  the  capillary  circulation,  and  to  favour  transudation  of  the  fluid 
portion  of  the  blood;  and  the  numerous  experiments  of  Magendie  (Op.  cit.) 
S'-cni  to  favour  this  view,  although  they  are  fur  from  manifesting  that  character 
for  at'duracy  and  discrimination,  which  would  be  rccjuired  to  afford  an  authorita- 
tive siinctiuu  to  it.  A  much  more  determinate  influence,  however,  must  be 
exerted  upon  the  Red  Corpuscles,  by  any  cause  which  seriously  affects  the  speeifio 
gravity  of  the  liquor  ganguioia  (§  158);  and  the  perfect  elaboration  of  the  Al- 
buminooa  constituent  of  the  fierum  has  been  shown  to  be  requisite,  to  prevent  it 
from  copiously  transuding  tho  membra tious  walk  of  the  vessels  which  it  tra- 
verses (§  183).  — Thc.-*e  and  other  physical  and  chemical  relations  of  the  Blood, 
however,  are  quite  subordinate  to  ita  Vital  reactions ;  and  it  ia  into  them  that 
we  have  now  to  inquire. 

lOO.  There  are  only  two  constituents  of  the  circulating  Blood,  which  can  be 
considered  as  being  themselves  endowed  with  vital  properties;  these  are,  the 
Fibrin  and  the  Corpuscles.  The  remainder  of  its  coniponenta  can  scarcely  be 
looked-upon  io  any  other  light  than  na  chcmiral  compound?,  which  are  to  be 
rendered  subservient  to  the  nutritive  and  other  operationa  of  the  living  tissues 
in  virtue  of  their  vitality,  or  which  have  already  discharged  their  duty  in  the 
system.  To  attribute  vital  properties  to  a  eubstance  which,  like  Fibrin,  is 
usually  in  a  state  of  solution,  has  been  considered  by  some  Physiologists  as  an 
sbsurdity;  but  there  seems  no  adequate  reason,  why  liquids,  as  well  as  solids, 
should  not  possess  vital  attributes;  and  the  power  exhibited  by  fibrin,  of  spon- 
taneously paaaiug  (under  certain  conditions)  int^j  an  organised  texture,  of  how- 
ever low  a  type,  cannot  be  legitimately  considered  in  any  other  light  than  as  a 
vital  endowment  (§  197 ).  That  the  Corpuscles,  however,  both  Red  and  Colour- 
less, are  livingcells,  and  that,  like  other  t-ells,  they  possess  vital  endowments  pccu- 

'  See  M.  Mageudie's  "  Le<;oua  aur  les  Ph<SDODi&Qes  Physique  de  La  Vie,"  toni.  iv.  p.  &7. 
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liar  to  tberoselTcs,  ig  not  now  questioned  by  any  one ;  and  their  separate  history 
forms  DO  uoirapKirtant  element  in  the  fceneral  *  Life  of  the  Blood/  whilst  it  earn 
KArrely  be  doubfed,  from  the  facta  already  stJited,  that  it  has  a  most  important 
relation  to  the  Life  of  the  body  generally.  —  Before  proceedinjr,  however,  to  in- 
qaire  into  the  nature  of  this  relation,  our  attention  may  bo  advantao^nusjy 
directed  to  that  remarkable  change  id  the  state  of  the  blood  when  withdrawn 
from  the  vessels  of  the  living  body,  which  is  comnionly  known  as  its  *  ooap-ulnfion.' . 
This  term,  however,  as  applied  to  the  blood  en  mafse,  ia  quite  inappropriatr ; 
EtQce,  as  we  shall  presently  see,  the  coagulation  e^sentinlly  consists  in  the  passage 
of  the  fibrin  alone  from  the  (soluble  to  the  solidified  state;  and  this  component 
acarccly  forms  more  than  one  hundredth  part  of  the  whole  solid  matter  of  iho 
circulating  fluid.  All  the  phenomenii  attendant  upon  this  process,  and  the  con- 
ditinn?  by  which  it  is  inQuenced,  have  been  made  the  subject  of  very  careful 
study,  both  by  Chemists  and  Physiologists ;  but  it  must  be  admitted  that  they 
throw  very  little  light  upon  the  vital  relations  of  the  Blood  to  the  Organism  at 
large,  these  being  only  sustained  whilst  it  is  circulating  in  a  fluid  state,  and  being 
interfered-with  by  anything  that  favours  its  passage  into  the  form  which  it 
assumes  when  withdrawn  from  the  bndy, 

197.  The  CiMUfvhttum  of  the  Bhod,  then,  consists  in  the  new  arrangement  of  its 
constituents,  which  takes  place  when  it  is  drawn  from  the  vessels  and  ia  left  to 
itself,  or  when  the  body  itself  dies  (§  157).  This  new  arrangement  essentially 
depends  upon  the  passage  of  the  Fibrin  from  the  soluble  to  the  iimi/uUe  state,  ia 
which  it  forma,  not  an  amorphous  coagulum,  but  a  network  of  fibres  more  or  less 
definitely  marked-out ;  in  the  meshes  of  which  network  are  included  the  Red 
corpuscles,  usually  grouped-together  in  columnar  masses,  resembling  piles  of 
money  (Fig.  54).  The  Crasviam  err  turn  or  Clot  thus  funned,  gradually  ac(|uires  a 
degree  of  firmness  proportioned  to  the  amount  of  Fibrin  which  it  contains,  and  to 
the  degree  of  its  elaboration  ;  and  it  undergoes  a  progressive  contraction,  by  which 
the  Albuminous,  Saline  and  Extractive  matters,  still  dissolved  in  the  water,  are 
more  or  loss  completely  expelled  from  it,  constituting  the  8erum.  Tbis  sepa- 
ration will  not  occur,  however,  if  the  coagulatiou  take  place  in  a  shallow  vessel ; 
nor  if  the  amount  of  Fibrin  should  be  small,  or  its  vitality  low.  A  homogeneous 
mass,  deficient  in  firmness,  presents  itself  under  such  circumstances-;  though  the 
solid  part  of  this  may  pass  into  a  state  of  more  complete  condensation  after  the 
lupse  of  a  certain  time. — That  the  coagulation  is  due  to  the  Fibrin,  and  that  tho 
Corpuscles  do  not  take  any  active  share  in  the  process,  appears  from  several  con- 
siderationa.'  A  microscopical  examination  of  the  Clot  showSf  that  it  has  the 
same  texture  with  Fibrin  when  coagulating  by  itself;  the  Corpuscles  clustering- 
together  in  the  interspaces  of  the  network,  and  not  being  uniformly  diffused 
through  the  whole  mass.  Their  specific  gravity  being  greater  than  that  of  the 
Fibrin,  they  are  usually  most  abundant  at  the  lower  part  of  the  clot;  and  the 
upper  surface  is  sometiines  nearly  colourless,  esperially  when  the  coagulation  htis 
taken  place  slowly;  yet  this  upper  part  is  much  firmer  than  the  lower,  showing 
that  the  Fibrin  alone  ig  the  consolidating  agent.  If,  after  the  complete  subsi- 
dence of  the  Corpuscles,  a  little  of  the  colrmrlees  Li<|Uor  Sanguinis  be  akinimed- 
off,  it  will  undergo  complete  coagulation,  forming  a  colourless  clot ;  as  was  long 
ago  shown  by  Hewson.  The  same  fact  may  be  experimentally  demonstrated,  by 
the  use  of  methods  which  effect  an  artificial  separation  of  the  Fibrin  from  tho 
Corpuscles.  Thus  Miiller  placed  the  blood  of  a  Frug,  diluted  with  water  (or 
Btill  better,  with  a  very  thin  syrup),  on  a  paper  filter  of  sufficiently  fine  texture 

*  It  ia  remftrknble  that  thie  doctrine,  cleftrlj  eatablisbed  bj  the  older  PbjBioIogifits,  nod 
espectftllj  by  llewsoa,  should  ever  have  been  put  avide,  even  lemporkrily,  for  the  un- 
tenable hypothesis  that  the  coagulntion  of  the  blood  ie  due  to  s  runniog-together  of  \l» 
red  cf>rpn»clea.  —  For  aa  admirftble  Bummary  of  the  htstury  of  opinion  on  thin  aobjfct. 
see  Mr  Otilliver's  latroduction  to  his  Editioa  of  Hewson'a  wi]rkB4(publiBbed  by  the  Sydea 
ham  Society). 
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to  kocp-back  tbe  Corpusclcg;  and  the  Liquor  Sanguinis,  having  pasiicd  tbroogh 
tlie  filter  completely  unmixed  with  thera,  prpsented  a  distinct  coajoUuni,  al- 
though, from  the  diluted  state  of  the  fluid,  this  does  not  possess  much  ooosi*- 
tcncy.  Owing  to  the  more  niinuto  size  of  the  Blood-diacs  of  warni-blowied  ani- 
mals, this  experiment  cannot  he  so  readily  performed  with  their  blood.  So, 
again,  if  fresh-drawn  blood  be  continually  stirred  with  a  stick,  the  Fibnn  will 
adhere  to  it  in  BtringH  during  its  coagulation;  and  the  Red  corpuacles  will 
be  left  suspended  in  the  scrum,  without  the  slightest  tendency  to  ooaguUte. 
Moreover,  if  a  solution  of  any  salt-,  that  has  the  property  of  retarding  the  co- 
agulation (such  as  carbonate  of  potaab  or  sulphate  of  soda),  be  added  to  the 
blood,  the  Corpuscles  will  have  tiiiia  to  sink  to  the  lower  stratum  of  the  fluid, 
before  the  clot  is  formed ;  the  greater  part  of  the  craasamentum  is  then  entirely 
colourless,  and  is  found  by  tbe  mioroscope  to  contain  few  or  no  red  particles. 
It  will  be  presently  shown,  however,  that  the  difference  of  specitic  gravity  is  by 
no  means  the  only  cause  of  tbe  separation  of  the  Corpuscles  from  tbe  Liquor 
Sangtiinis  (§  205). 

lyS.  Thut  the  Coagulatinn  of  the  Blood  ih  not,  as  some  have  supposed,  a 
proof  of  its  death,  but  is  rather  an  act  of  vitality,  appears  evident  from  the  in- 
cipient organization  which  may  be  detected  even  in  an  ordinary  clot ;  and  still 
mnre  from  the  fact,  that,  if  the  effusion  of  Fibrin  take  place  upon  a  living  sur- 
fice,  its  conversion  into  a  fibrous  solid  is  the  first  act  in  the  prwiuclion  of  solid 
tissues,  which  become  conatituonta  of  the  living  fabric;  for  it  seems  absurd  to 
maintain  that  the  lilood  tiies,  in  order  to  assume  a  higher  form.  The  degree  of 
regularity  with  which  this  fibrilhition  takes  place,  and  the  completeness  of  the 
fibres  which  are  fonued  by  it,  seem  to  depend  especially  upon  two  condition?, — 
1st,  the  degree  of  previous  elaboration  to  which  the  fibrin  has  been  subjected, — 
and  2nd,  the  properties  of  the  surfjK  t)  oil  which  it  takes  phice.  Thus  we  find 
the  coagulura  of  some  specimens  of  blood  to  be  much  firmer,  and  its  fibrous 
{Structure  to  be  more  diptiiict,  than  that  of  others ;  the  fibrillation  of  the  fibrinous 
duid  of  inflammatory  blood  being  usually  more  complete  than  that  of  ordinarv 
blood  ;  while  that  of  the  fluid  of  plastic  exudations,  formerly  known  as  'coagulable 
lymph,'  is  still  more  distinct  than  that  of  blood  effused  en  masge.  That  the 
lilood  may  iLself  liecorae  organized,  like  plastic  exudations  of  "coagulable  lymph," 
(a  doctrine  which,  though  maintained  by  Hunter,  has  been  subacquently  denied,) 
seems  to  have  been  conclusively  proved  by  the  researches  of  Dr.  Zwioky,'  on  the 
changes  occurring  in  the  cluts  of  blood  which  form  in  blood-vessels,  above  the 
points  where  they  have  been  tied ;  for  he  has  traced  the  successive  stages  of  the 
metamorphosis  of  the  coagulum  into  connective  tissue,  aod  tbe  formation  of  ves- 
sels in  its  substance;  the  whole  process  taking  place  exactly  as  in  an  inflamma- 
tory exudation,  and  tlio  blood-corpuscles  exerting  no  other  influence  upon  it,  than 
that  of  slightly  retarding  it.  Similar  observations  have  been  also  made  by  Mr. 
Paget-'  —  But  further,  the  fibrillation  takes  plaeo  far  more  perfectly  when  the 
fibrinous  fluid  is  eftu9e<l  on  a  living  surface,  than  when  it  is  spread-out  over  dead 
matter;  and  thus  it  happens  that  fibrinous  effusions  are  much  more  completely 
converted  into  fibrous  tissue  wiihm  the  living  body,  and  in  immediate  contact 
with  living  tissue,  than  they  ever  are  when  removed  from  it.  A  marked  differ- 
ence may  be  obacrvcd  in  this  respect,  betwcca  the  Misper^cial  and  the  t:entml 
portions  of  a  blood-clot  which  has  been  effused  in  the  substance  of  the  living 
solids ;  for  it  is  always  in  the  former,  that  the  organizing  process  is  most  advanced, 
a  firm  and  distinct  fibrous  membrano  being  often  found  on  the  exterior  of  such 
clots,  whilst  ibcir  interior  is  soft  and  amorphous.'  Generally  speaking,  the  fibril- 
'  "  Die  Melamorphoffe  dea  ThroinbuB;"  Zurich,  1846. 

•  St!e  his  "Lecturea  on  the  Processes  of  Repoir  niiJ  Roproductton,'  in  the  "Medical 
Gaiette"  for  1849,  vol.  xliii,  p.  1006;  and  bis  "Surgical  Patiologj,"  pp.  120,  et  seq., 
Am.  Ed, 

*  See  Dr.  0.  Burrows,  In  "  Medical  0«iett«,"  1835 ;  and  Mr.  PrewoU  Hewett,  ia 
"  Medico-Cbirarg.  Trans.,"  vol,  xivUL 
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more  perfect,  the  more 
Tious  Titulixation  of  the  fibrine,  the  longer  is  tt  before  it  changes  ita  state.  Thus 
the  coajrulation  of  sthenic  inflammatory  blood,  which  produces  a  clot  of  remark- 
able finnnesa,  b  much  longer  in  takiog-place  than  the  coagulation  of  ordinary 
blood;  whilst  the  coagulation  of  the  blood  of  cachectic  subjectt^,  which  tiikes 
place  ver}-  rapidly,  is  feeble  and  imperfect.  The  plastic  effusions  poured-out 
from  the  blood  in  theae  two  opposite  conditions,  partake  of  the  character  of  the 
blood  itaelf;  those  of  the  inflammatory  blood  of  a  previously  healthy  subject 
being  converted  into  fibrous  membranes  of  considerable  firninesa,  which  are  sub- 
sequently penetrated  by  blood-vessels,  and  become  repularly-organized  tissues; 
whilst  those  proceeding  from  the  blood  of  cachectic  subjects  frequently  undergo 
a  ccrtaia  degree  of  organization  with  great  rapidity,  but  do  not  go-oc  to  the  same 
perfection,  and  speedily  degenerate.' 

199.  Instances  occasionally  present  themselves,  in  which  the  Blood  does  not 
coagulate  after  death,  or  coagulates  very  imperfeetly.  It  was  affirmed  by  Hunter* 
that  DO  coagulation  occurs  in  the  blood  of  animals  buntod  to  death,  or  of  those 
killed  by  lightning,  by  electric  shocks,  or  by  blows  upon  the  epigastrium;  and 
this  statement  has  been  generally  received  upon  his  authority.  It  is  far,  how- 
ever, from  being  constantly  true  ;  for  Mr.  Gulliver  has  collected  numerous  cases 
in  which  coagulation  was  found  to  have  taken  place  in  the  blood  of  animals  killed 
in  each  of  these  modes  j  in  some  of  them,  however,  the  coagulation  was  very 
imperfect.'  It  is  not  improbable  that  some  of  the  instances  of  apparent  ahxenv.e 
of  ooftgulation,  were  really  cases  of  retarded  coagulation  (§  200);  and  Dr.  Polli 
goes  so  far  as  to  maintain,  that  the  complete  absence  of  coagulating  power  is  a 
phenomenon  which  has  no  real  existence.  He  states  that  be  has  never  met  with 
ao  instance,  in  which  the  blood,  when  left  to  itself,  and  duly  protected  from  ex- 
ternal destructive  influences,  did  not  coagulate  before  becoming  putrid;  and  that 
he  has  more  than  onoe  found  blood  to  coagulate,  which  had  been  taken  in  a  fluid 
state  from  the  vessels  thirty-six  or  forty-eight  hours  after  death.*  Still  there 
seems  no  reasnnablc  doubt  that  non-coagulation  mnif  occur,  when  the  blood  has 
been  previously  subjected  to  conditions  which  affect  the  vit-ality  of  its  fibrin. 
Such  appears  tn  be  the  case,  for  example,  when  death  occurs  from  Asphyxia,  as 
by  hanging,  drowning,  or  breathing  of  irrespirable  gases;'  and  the  .lame  has 
been  observed  in  cases  of  poisoning  by  hydrocyanic  add,  in  which  asphyxia  was 
probably  the  immediate  cause  of  dealh.  In  certain  diKeased  states,  again,  we 
have  seen  that  the  coagulating  power  seems  to  be  completely  deficient  (§  ISO), 

200.  The  length  of  time  which  elapses  before  Coagulation,  and  the  degree  in 
which  the  clot  solidifies,  vary  considerably ;  in  general,  they  are  in  the  inverse 
proportion  to  each  other.  Thus,  if  a  large  quantity  of  blood  be  withdrawn  from 
the  yesMls  of  an  animal  at  the  eauie  time,  or  within  short  interval,  the  portions 
that  last  flow  coagulate  much  more  rapidly,  but  much  less  firmly,  than  those  first 
obtained.  In  blood  drawn  during  Inflammatory  states,  again,  the  coagulation  is 
Qsually  slow,  but  the  clot  is  preternaturally  firm,  especially  at  its  upper  part, 
where  the  Buffy  coat  (§  205)  or  colourless  stratum  of  fibrin,  gradually  contracts, 
and  produces  the  'cup,'  which  may  be  generally  considered  to  indicate  a  high 
degree  of  inflammation.  Although  the  Blood  from  the  b<:»dy  coagulates  (except 
under  the  peculiar  circumstances  just  stated),  whether  it  be  kept  at  rest  or  in 

•  S*e  especially  Mr.  Dalrjni pie's  Memoirt  »'  On  the  rapid  organizntioD  of  Lymph  in 
CMhexia."  in  the  '*  Med.  Chir.  Trans.,"  toI.  xxiii. :  and  "On  tbo  early  orgnnization  of 
Coa^U  wid  mixed  fibriaooa  effuaiona  under  certain  conditions  of  the  syBteni,"  Op.  cit 
voL  xxrii 

•  ••  The  Worka  of  John  Huater,"  edited  by  James  F.  Palmer,  vol.  iii.  pp.  84,  114. 
*8ee  "Edinb.  Med.  and  Surg.  Jonm."  Oct,  1848,  pp.  867,  418;  and  his  Edition  of 
HcWBon'e  WorkB,"  pp.  20,  21. 

AnnnU  UntTersali,"  1845;  and  "  Ranking's  Abstract,"  toL  ii.  p.  887. 
^ee  It.  J.  Davy's  "Physiological  and  Anatomical  Researches,"  vol.  iL  p.  102. 
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motion,  whether  its  teniperature  l>e  high  or  low,  and  whether  it  be  excluded  from 
the  air,  or  be  admitted  to  free  contact  whh  the  atmosphere,  jet  it«  ooagnlstioo 
lUMj  be  acccleraied  or  retarded  bj  vuriation  in  these  conditions.  —  If  the  blood 
ba  ooDtinually  agitated  in  a  bottle,  its  cria<2:ulatioQ  is  delayed,  though  it  will  at 
last  tftke  place  iu  shreds  or  insulated  portiuos ;  but  that  re8t  is  not  the  cause  of 
\\B  coagulation  (as  some  have  supposed;,  is  proved  by  the  fact  that,  if  a  piirtioD 
of  bl<.>od  be  included  between  (Wo  ligatures  in  a  living  vessel,  it  will  remain  fluid 
for  a  considerable  time;'  as  it  also  will  when  effused  into  the  tuidst  of  liriog 
tissues,  or  kept  ia  a  state  of  stagnation  in  parts  affected  with  iofla-mmatioQ. 
Thus  Mr.  Gulliver,  besides  other  instances,  mentions  a  remarkable  case  witneaMd 
by  Liiuself,  iu  which  a  collection  of  blood  which  bad  been  effused  in  conseqaence 
of  a  bruise  on  the  loins,  was  found  uucoagulated  when  let-out  twenty-eight  dajf 
afterward-!;  it  measured  dve  ounces,  wus  as  liquid  as  blood  just  drawn  from  a 
vein,  and  sliuwed  the  normal  eliaraetcrs  when  examined  uiiL-ruscopically ;  and  it 
coagulated  in  a  cup  in  le^s  than  thirty  minutes  (Op.  cit.  p.  17).  And  5lr.  Paget 
mentions  thut  lie  h^s  known  the  bb^d  remain  fluid  in  the  vessels  of  an  inflamed 
piirt,  tbuugb  in  a  state  of  complete  stagnation,  for  as  long  as  three  days.'— 
Again,  ihe  crwgulation  is  accelcruted  by  moderate  warmth,  the  natural  beat  of 
tue  iHfdy  frnni  which  the  blood  is  taken  appearing  to  be  most  favourable  to  it; 
but  the  coagulating  power  appears  to  be  destroyed  by  a  temperature  of  about 
150°,  blood  bciiU'd  to  that  point  remaining  permanently  fluid.  (^Gulliver,  Op. 
cit.  pp.  4,  5).  On  the  other  hand,  the  coagulation  is  retarded  by  cold ;  but  the 
cougulutiiig  power  b  not  destroyed  even  by  extreme  cold;  for  if  blood  be  frozen 
jnimediately  that  it  is  drawn,  it  will  coagulate  on  being  thawed. — Moreover  it  if 
accelerated  by  exposure  to  uir,  but  it  is  not  prevented  by  complete  exclusion  from 
it,  as  is  proved  by  its  taking  plaee  iu  a  vacuum,  or  in  a  shut  sac  within  the  dead 
body :  complete  exclusion  from  the  air,  however,  retards  the  change ;  ns  may  be 
easily  shown  by  causing  blood  to  flow  into  a  vessel  containing  oil,  which  will 
form  an  impervious  coating  on  its  surface,  and  will  occasion  the  coagulation  to 
take  pliK'G  BO  kIdwIj,  that  tbe  red  particles  have  time  to  subside,  and  the  upper 
•tralum  of  tbe  clot  is  colourless.* — The  effect  of  tbe  addition  of  strong  solutions 
of  ueutnil  suits  to  fresh  blood,  is  usually  to  retard,  and  sometimes  even  to  pr^ 
vcut,  its  coagiilntion ;  and  the  same  effect  is  produced  by  many  vegetable  sub- 
ataoOQS)  particularly  tbose  of  the  narcotic  and  sedative  class,  such  as  opiura,  bel- 
ladonna, aconite,  hyoscyamus,  digitulis,  and  tea  or  coffee  in  strong  infusion.* 
'J'ho  nclioii  of  most  of  those  substances,  however,  which  preserve  the  fluidity  of 
ttio  blood,  only  eotitiuucs  during  such  time  as  their  solutious  retain  a  certaiu 
eireeigih;  for  if  they  he  diluted,  cougubtion  will  then  take  place,  although  iQ 
most  cases  lc88  perfectly  than  it  would  have  done  at  first.  There  appears  to  be 
no  limit  to  the  time  during  which  tbe  coagulation  may  be  thus  postponed  ;  thus 
Mr,  (jlulliver*  mentions  that  be  has  kept  horse's  blood  fluid  with  nitre  fur  fifty- 

'  The  Icstimonjr  of  all  oxpcrimciiters  Is  in  Bccordanco  on  tins  point,  although  they  differ 
nn  to  Hit'  li*i»j:ih  of  tirao  that  eiupsus  before  coagulation  commenceg.  Sir.  Gulliver  statM 
that  out  of  iiiuny  trials  made  by  liitn,  tbe  congulation  commenced  wilhin  two  hours  in 
only  K  few  iiiftituccs ;  more  comuonlj',  three,  four,  or  five  bours  elapsed  before  aoj  dot 
WHS  furmcil ;  and  in  one  ineitiiuce,  the  coagulatiua  nas  incomplete  at  tbe  end  of  tweotj- 
fuur  houra.  In  nil  these  esperimeuts,  tbe  blood  coaguUled  iu  the  cuur!<c  of  a  few  minotct, 
when  witlidrawD  from  the  living  vessel. — See  Mr.  GuUiTer'a  edition  of  "  Hewaou's  Works," 
p.  28. 

"  "Lectures  on  Surgical  Pathologj,"  p.  213,  Am.  Ed. 

*  Dr.  Uiibington  in  "  Medico-Chirurgical  Transactionii,"  vol  ivi. 

*  Sec  Dr.  J.  Uavy'a  "  Aoatomical  and  Phjsiulogicftl  Researches,'*  toU  U.  pp.  101,  102; 
and  Mr.  Praeter's  "  Experimental  Int^airieo  in  Chi-mical  Phy-siuUngy,"  pp.  69,  08,  &c.  A 
c'ipioua  tablo  of  the  results  of  (heir  ezperimeuta  ia  (livea  in  Mr.  Aticell't  '  Lecturcti  on  tb« 
I'liysiolugy  and  Paltiology  of  the  Blood,'  in  the  ■•  Lancet"  for  Dec.  21,  18o0. 

'  Mr.  Gulliver  considers  this  fact,  together  with  (he  occurrence  of  coagulation  on  the 
thawing  i>f  Xilttitii  which  haii  ticen  fmzeu  whilt<(  )el  fluid,  us  <:i>iiulii!)ive  Hgaiiist  the  iilal 
chitruL'ter  of  the  nut;  remarking  that  if  we  btiUevu  iLe  cuugulutiuQ  to  be  nu  cll'cvt  of  Ufc, 
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K»ven  week?,  and  that  it  still  readily  coagulated  when  diluted  with  water  (Op. 
cit.  p.  12). — It  is  not  so  difficult,  therefore,  aa  it  might  otherwise  seem,  to  give 
credit  to  the  statement  of  Dr.  Polli,  that,  in  a  case  witnessed  by  himself,  com- 
plete coagiilation  of  the  blood  did  not  take  place  until  fifteen  days  after  it  had 
been  withdrawn  from  the  bo<iy  ;  and  that  fifteen  days  more  elapsed,  before  putre- 
faction commenced  in  it.  The  upper  four-fifths  of  the  clot  were  colourle.ss,  the 
red  corpuscles  occupying  only  the  lowest  fifth.  It  is  additionally  remarkable, 
that  the  patient  (who  waa  saffcring  under  acute  pneumonia"),  being  bled  very 
fm|uently  during  the  succeeding  week,  the  blood  gradually  lost  ita  indisposition 
to  coagulate.^ 

201,  It  has  been  maintained  by  some  observers,  that  a  certain  amoant  of  heat 
is  liberated  during  Coagulation  ;  but  this  idea  would  seem  to  have  been  founded 
on  a  fancied  analogy  between  coagulation  and  freezing;  and  it  is  negatived  by 
the  careful  observations  of  Hunter,  Schroeder  Van  der  Kolk,  J.  Davy,  and 
Denis, — Again,  it  has  been  asserted  that  the  act  of  coagulation  is  attended  by 
the  extrication  of  a  small  quantity  of  carbonic  acid  ;  but  there  is  no  sufficient 
proof  that  blood  in  coagulating  gives  out  more  carb-mic  acid,  than  it  ordinarily 
docs  by  exposure  to  the  air  (^§  179).  Moreover,  it  hns  Won  shown  by  the  ex- 
periments of  Sir  H.  Davy*  and  Dr.  J.  Davy,*  that  no  effect  is  produced,  either 
in  aoeelerating  or  retarding  coagulution,  by  placing  blood  in  an  atmosphere  of 
nitrogen,  nitrons  gas,  nitrous  oxide,  or  carbonic  acid  ;  and  it  has  been  found  ihat 
ooagulatioD  still  takes  place,  even  if  the  blood  be  agitated  with  carbonic  acid. 

202.  The  vital  condition  of  the  wbHh  of  the  blood-vesselfl  appears  to  have  an 
important  influence  upon  the  fluidity  of  the  Blood.  Thus  it  has  been  found  by 
Sir  A.  CVoper  and  Mr.  Thackrah,  that  whilst  blood  enclosed  in  a  Iwimj  vein  re- 
tained ita  fluidity  for  some  time  (§  200),  blood  siniiiarly  enclosed  in  a  dttrJ  vein, 
the  atmosphere  being  completely  excluded,  coagulated  in  a  quarter  of  an  hour. 
Moreover,  inflammation  of  the  walls  of  the  blood-vessels  (which  is  a  condition 
of  ffrprf»»ed  vitality,  CHAP.  VIII.  Sect.  3)  promotes  the  coagulation  of  the  Blood 
which  they  contain ;  and  thus  it  is,  that  the  trunks  both  of  arteries  and  veins 
frequently  become  choked-up  by  coagula.*  Moreover,  although  there  can  be  no 
dount  that  a  large  proportion  of  the  loose  fibrinous  masses  found  in  the  heart  and 

we  most  admit  that  we  can  freeie  and  pickle  the  life  (Op.  cit.  p.  21).  No  auch  ftdmiseion, 
howevtr,  is  necessarv.  We  do  not  freeze  and  pickle  the  life;  but  we  simply  preserve  the 
viUil  properties  of  the  fiubstaDce,  by  preventing  it  from  undergoing  spontaneous  change; 
thus  doing  the  Eame  for  the  blood,  as  may  be  done  for  seeds,  eggs,  and  even  higbty-or- 
giuiiied  bodies,  which  may  be  kept  in  a  state  of  *  doroiant  vititlity '  for  nolimited  periods, 
by  cooling  or  drying  thetn,  or  by  Bccludiog  them  from  the  atmosphere.  (See  '*  Prino.  of 
Gen.  Physiol."  Am.  Ed.) 

*  '*0«iettii  Medica  di  Milano,"  Oenn.  20,  1844;  cited  in  Mr.  Pnget's  'Report'  in  "  Brit 
and  For.  Med.  Rev,"  vol.  lix.  p.  252. 

•  ••  Researches  on  Nitrous  Oxide,"  pp.  380 — 1. 

•  ••  Anatomical  and  Physiological  Researches,"  vol.  ii.  p.  71. 

*  It  was  obserred  by  Hunter,  and  has  been  frecjuently  noticed  »nce,  that  when  nnipa- 
tation  ii  performed  on  account  of  spontaneous  gangrene  of  the  lower  extremities,  there  is 
no  jet  of  blood  from  the  divided  urterial  trunk,  which  is  obstructed  by  coagulum  fsir  ubovo 
the  line  to  which  the  gangrene  hns  extended :  and  there  is  good  reason  to  regard  the 
gangrene  as.  in  these  cafles,  the  result  of  a  previous  arteritie,  which  has  thus  put  a  stop 
to  the  circulation  through  tlie  liiub.  (For  evidence  in  support  of  tliis  doctriue,  see  the 
"  Eflsai  6ur  le» Gangrenes  spontan^es"  of  M.  Francois,  raris,  1832.) — The  author,  whilst 
ft  pupil  at  the  Middlesex  Hospital  iu  1835,  witnessed  a  remarkable  case  of  Phlebitis  (up- 
pareully  brongbt-on  by  suppresBcd  menstruation),  in  which  both  femoral  veins  were  snc 
ceMiveiy  nifecied,  and  iu  which  deotli  took  place  suddeuly  when  the  patient  appeared  to 
be  recovered  from  the  attack ;  oo  post-mortem  exnminatioh,  not  only  the  iliac  trunks, 
but  also  the  vena  cava,  for  some  disunee  above  their  junction,  were  found  to  be  completely 
obetrueted  by  nearly-coIouHess  coagula  adherent  to  their  walls  ;  so  that  the  wonder  wits, 
bow  any  return  of  bl"od  could  have  taken  place  from  Ibe  pelvis  and  lower  estremilies 
There  eeemed  no  reason  to  attribute  the  furmatiou  of  these  congula  to  the  introductioo  of 
p«a  iaio  the  venous  circulation. 
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large  vessels  after  death,  are  the  result  of  post-mortpiD  coaciilation,  yet  there  is 
often  adequate  evidence,  derived  from  the  symptoms  previously  observed,  and 
ft^tn  the  appearances  presented  by  the  coagula  themselves,  that  the  coagulatioD 
has  commeuoed  during  life ;  and  in  all  cases  of  this  kind,  there  has  been  % 
marked  deprcwion  of  vital  power  for  some  time  previous  to  the  final  extinction 
of  life.  Afjain,  it  was  found  by  Scbroeder  Vaa  der  Kolk,'  that  if  the  substSTn.'e 
of  the  brain  and  spinal  uiarrow  bo  broken-down,  coagulation  of  the  blood  takes 
plnce  whilst  it  is  still  moving  within  the  vessels  j  clots  being  found  io  thera,  even 
within  a  few  minutes  after  the  operation.  Further,  that  the  contact  of  a  dead 
substance  promotes  coagulationj  even  in  the  living  and  actively-moving  blood,  ii 
sbowQ  by  the  experiments  of  Mr.  Simonj  who  carried  a  single  thread  (by  mcaDS 
of  a  very  fine  needle)  transversely  through  an  adjacent  artery  and  vein  of  a  dop, 
and  left  it  thercj  so  that  it  might  cut  the  stream,  for  a  period  of  from  twelve  to 
twenty-four  hours ;  the  consequence  of  which  was,  that  a  coagnlum  was  formed 
upon  the  thread,  more  or  less  completely  obstructing  the  vessel.  There  wai, 
however,  a  marked  difference  in  the  coagula  formed  within  the  artery  and  the 
vein  respectively,  which  may  be  attributed  to  the  difference  in  the  quality  of  the 
fibrin  in  the  blood  of  the  two  vessels  (§  ISO),  or  to  the  difference  in  the  rate  of 
its  motion,  or  to  both  CAUses  conjointly;  for  the  thread  which  traversed  the 
artery  usually  presented  a  '  vegetation '  on  its  surface,  sometimes  aa  large  is  a 
grain  of  wheat,  always  of  a  pyramidal  shtipc,  with  its  base  attached  to  the  thread, 
and  its  apes  down-stream ;  whilst  the  venous  coagulum  was  a  volnmiaous  black 
clot,  chiefly  collected  on  that  side  of  the  thread  remotest  from  the  heart.* 

203,  Again  the  coat-act  of  dead  animal  matter  with  the  Blood  appyeare  to 
proutoto  the  coagulation  of  its  fibrin  in  a  very  remarkable  degree;  occasioning 
eongula  to  form,  whilst  it  is  yet  actively  moving  in  the  vessels  of  the  living  body. 
Thus  M.  Dupuy  found  that  the  injection  of  cerebral  Bubstance  into  the  veins  of 
Du  animal,  occasioned  its  death  almost  as  instjintaneously  as  if  prussic  acid  had 
been  administered;  the  circulation  being  rapidly  brought  to  a  stand,  by  the  for- 
mation of  voluminous  clotj*  in  the  heart  and  large  vesseb.  These  experiment! 
were  repeated  and  confirmed  by  M.  de  BlaiuviUe.' — The  same  effect  is  produced 
with  more  potency,  when  the  substance  injected  is  rather  undergoing  degradation, 
than  actually  dead ;  for  it  then  seeuia  to  act  somewhat  after  the  manner  of  a 
ferment,  producing  a  marked  diminution  in  the  vitality  of  the  solids  and  fluids 
with  which  it  may  be  brought  in  contnct.  Such  is  pre-eminently  the  case  with 
fi\ts,  as  was  long  ago  observed  by  Hunter,  and  aa  Mr.  II.  I^ee  has  since  determined 
more  precisely.  It  was  found  by  the  latter,  that  healthy  blood  received  into  a 
cup  containing  some  offensive  pus,  coagulated  in  tico  minutes;  whilst  another 
sample  of  the  same  blood,  received  into  a  clean  vessel  of  similar  size  and  shape, 
required  Jf/it'crt  minuteist  for  its  complete  coagulation.  When  he  injected  putrid 
pus  into  the  jugular  vein  of  a  living  ass,  coagulation  took  place  so  instantane- 
ously as  to  produce  an  immediate  obstruction  to  the  current  of  blood,  so  that  the 

'  "  Comment,  de  Sangniaia  Coagulations, '*  Groeningen,  1820. 

*  "  Lectures  on  General  Pathology,"  p.  48,  Am,  Ed. — Mr.  gimon  tipplios  this  fact  to  the  ei« 
placintioQ  or  the  ■  vegetationa '  which  so  commonly  present  themselves  upon  the  valves  of 
the  heart,  in  cases  of  rheumatia  endocarditis;  maiDtainiog  that  they  are  simple  depositi 
from  the  (ibnti  of  the  blood,  which  is  unusunllj'  ahiindatit  in  this  coodittioa.  This  dootrin« 
crkn  only  bo  BubBtnotiated,  however,  by  a  careful  microscopic  examination  of  tbette  Bul>- 
Btances;  and  if  they  should  be  proved  to  have  the  simple  constitution  which  Mr.  Siman 
imputes  to  them,  the  fact  will  in  no  de^ee  set  aside  (as  he  seems  to  consider  it  must  do) 
the  existence  of  endocardial  inflammntion,  hut  will  rather  confirm  it,  since  the  deposition 
of  tibrin  on  those  particular  spots  is  likely  to  be  specially  determined  by  infiammation  of 
the  subjacent  membrane, 

■  ''Gazette  M6dieale,"  1834,  p.  621. — There  is  no  reason  to  suppose  that  cerebra"  ««b- 
stance  possesses  a  more  special  tnflueQce,  than  would  be  exerted  by  any  other  tissue  which 
could  be  as  easily  mixed-up  with  the  circulating  current.  The  presence  of  a  piece  of  flesh 
or  of  the  clot  of  blood,  as  Prof.  Buchanan  has  shown,  often  suffices  to  determine  the 
'oaj;;ulat)OD  of  fibrin  in  a  solution  from  which  it  would  not  otherwise  have  separated. 
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Twsel  at  once  acquired  a  cord-like  character;  and  In  ih'ia  mode,  the  pus  was 
Tisuallj  prevented  from  finding  its  way  into  the  general  current  of  the  circulation, 
WTiLlfit  it  thus  remains  circumscribed  by  a  coafrulura  of  blood,  the  pus  so  intro- 
dnced  seems  to  produce  no  other  constitutional  disturbance,  thun  is  attributable 
to  the  local  injury;  but  if  the  circumscription  should  be  incoroplete,  and  the  pus 
should  be  carried  into  the  general  circulation,  it  becomes  a  source  of  extensive 
oiiscbief,  determining  the  formation  of  abcessea  in  various  parts,  and  producing  n 
most  depressing  influence  on  the  system  at  large.'     The  effect  of  certain  auiiual 

(poisons  of  a  still  more  potent  nature,  when  introduced  into  the  current  of  the 
circulation  (as  by  the  bite  of  venomous  serpents),  appears  to  be,  like  that  of  a 
high  temperature,  the  entire  ifexirurfion  of  the  coagulating  power  of  the  blood,  as 
veil  as  of  the  vital  endowments  of  the  tissues  generally  (§  194). 

204.  The  proportions  of  Serum  and  Clot  which  present  themeelvea  after  coapcula- 
tion,  are  liable  to  great  variation,  independently  of  the  amount  of  the  several 
ingredients  characteristic  of  each;  for  the  crassamentum  may  include,  not  only 
the  fibrin  and  red  corpuscles,  but  also  a  large  proportion  of  the  serum,  entangled 
(as  it  were)  in  its  substance.  This  is  particularly  the  case  when  the  coagulation 
is  rapid;  and  the  clot  then  expek  little  or  none  of  it  by  subac^juent  contraction. 
On  the  other  hand,  if  the  coagulation  be  slow,  the  particles  of  fibrin  iiirually  seem 
to  become  more  completely  aggregated,  the  coagulum  is  denser  at  first,  and  itd 
density  is  greatly  increased  by  subsequent  contraction.  When  a  firm  fresh  clot 
is  removed,  from  the  fluid  in  which  it  is  immersed,  its  contraction  is  found  to 
go^a  increasing  for  24  or  even  48  hours,  serum  being  squeezed-out  in  drops 
upon  its  sarfice ;  and  in  order,  therefore,  to  form  a  correct  estimate  of  the  relative 

{>roportioos  of  Crassamentum  and  Scrum,  the  former  should  be  cut  into  slices,  and 
aid  npon  bibulous  paper,  that  the  latter  may  escape  from  it  as  freely  and  com- 
•  pletely  m  possible. — According  to  the  experiments  of  Mr.  Thackrah,*  coagulation 
takes  plftce  sooner  in  metallic  vessels  than  in  those  of  glass  or  earthenwEire,  and  the 
quantity  of  serum  separated  is  much  less;  in  one  instance,  the  proportion  of  senim 
to  clot  was  as  10  to  24$,  when  the  blood  coagulated  in  a  glass  ves.sel;  whilnt  a 
portion  of  the  same  blood,  coagulating  in  a  pewter  vessel,  gave  only  10  of  serum 
to  175  of  clot.  The  specific  gravity  uf  Blood  is  no  measure  of  its  coagulating 
p<iwcr;  for  a  high  specific  gravity  may  be  due  to  an  excess  in  the  amount  of  cor- 
puscles, which  form  the  heaviest  part  of  the  blood;  and  may  be  accompanied  by 
a  diminution  in  the  quantity  of  fibrin,  which  is  the  coagulating  element 

205.  The  surface  of  the  Crassamentum  not  unfrequently  exhibits  in  certain 
disordered  conditions  of  the  blood,  a  layer  that  is  nearly  free  from  colour ;  and 
this  is  known  as  the  Buffff  CoaL  Its  presence  has  been  frequently  regarded  as  a 
§igu  of  the  existence  of  Inflammation,  indicating  an  undue  predominance  of  fibrin; 
but  this  idea  is  far  from  being  correct,  since,  a.i  will  pres^ently  appear  (§  20t)),  it 
may  result  from  an  opposite  condition  of  the  blood.  A  simitar  colourless  layer  is 
usually  observable,  when  the  coagulation  of  the  blood  has  been  retarded  by  the 
addition  of  agents  that  have  the  power  of  delaying  it  (§  200);  and  since,  iu 
inflammatory  states  of  the  system,  the  blood  is  generally  long  in  coagulating,  it 
has  been  supposed  that  the  separation  of  the  red  particles  from  the  fibrinous  part 
of  the  clot  is  due  to  this  cause  alone.  It  was  long  since  poinfed-out  by  Dr.  Ali- 
son,* however,  that  this  explanation  is  insufficent,  for  the  two  following  reasons : — - 
•'■  1.  The  formation  of  the  hufiy  coat,  though  no  doubt  favored,  or  rendered  more 
complete,  by  slow  coagulation,  i.s  often  ob.scrved  in  cases  where  the  coagulation  is 
more  rapid  than  usual ;  and  the  colouring-matter  is  usually  observed  to  retire 
from  the  surface  of  the  fluid  in  such  cases,  before  any  coaguliition  has  commenced, 
2  The  separation  of  the  fibrin  from  the  colouring-matter  in  such  cases  takes 

'  8««  Mr.  H.  Lee's  excellent  Treatise  <^'  On  the  Origin  of  Inflammatioa  of  the  Veiuii  and 
on  PuraleDt  Deposits." 
•  ••  Enquiry  into  the  Nature  and  Propertiea  of  tbe  Blood,"  2nd  edit,  p.  66. 
•"OuUinee  of  Phyaiology,"  3d  edit.  p.  89, 
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iliicc  in  films  of  bloud,  bo  thiu  as  not  to  admit  of  a  stratum  of  the  ooe  being  laid 
ibuve  tho  other;  they  aepuntte  from  eacti  other  bt«raUy,  and  the  tilius  aox^oire  a 
speckled  or  tnotlled  appearance,  equally  cliiiracteristic  of  the  state  of  the  bl'iod 
with  the  huffy  coat  itself."  Now  we  have  already  seen  that  the  red  corpusclei 
of  bealihy  blood  have  a  tendoocy  to  apfrrepate-tosietlier  in  piles  and  mosses;  and 
it  hue  been  pointed-out  by  Prof,  H.  Nasse'  and  Mr.  Wharton  Jones,*  that  thia 
tendency  ia  frreatly  aupmeuted  in  inflamniutory  blncxil,  so  that  the  corpascles  rnn- 
togvthcr  into  litile  cluuipa  often  visible  to  the  naked  eye,  and  adhere  to  each 
other  with  coaaiderable  tenacity  (Fig.  63).     Further,  it  baa  been  shown  by  Mr. 

Gulliver,'  that  the  subsidence  of  the  red 
corpuscles  is  more  rapid  in  inflammatory 
than  it  is  in  healthy  blood,  a:ud  that  their 
rate  of  sinking  increases  with  their  agpre- 
gntion;  so  that  whilst  they  sink  about  an 
eighth  of  an  inch  during  the  first  two 
or  three  minutes,  they  sink  throu«:;h  five 
or  six  times  that  space  in  the  neit  interval 
of  the  same  tenp:th.  That  the  quicknes 
with  which  they  thus  ogtjrcj^te  in  the 
lower  part  of  the  clot,  does  not  depend 
(in  the  case  of  itiflammiitory  blood)  upon 
the  mere  facility  with  which  they  sink, 
was  further  determined  by  the  use  of 
means  which  tended  to  diminish  or  in- 
crease their  aggrcixation  ;  thus  it  was  found 
that  the  addition  of  weak  saline  solutions, 
Mienweopio  appenrance  of  a  drop  of  Mam^  by  which  the  liquor  sanguinis  is  attenuated, 
maiory  lilncd ;  the  rtd  eorpnaeles  lofe  their  but  which  diminish  the  mutual  attraction 
circulnr  form,  anJ  ndhere  together ;  the  it  A  j(*  gf  [Ji^  red  corpuscles,  partially  or  COin- 
oorpu«ele«  r^aia  apart,  *nd  are  often  m.ro       ,   ^  j      prevented    the    f  .rmation   of   the 

bufFy  coat,  in  blood  winch  exhibited  it 
strongly  when  left  pure,  even  though  ifci  coagulation  was  considerably  retarded 
thereby  J  on  the  other  hand,  the  addition  of  mucilage  with  a  email  quantity  of 
saline  matter,  the  effect  of  which  is  to  promote  the  aggregation  of  the  corpuscles, 
tended  to  develope  the  buffy  coat  by  increasing  the  rate  at  which  they  sink.  Now 
as  it  bus  been  found  that  Hcjuor  .sanguinis  deprived  of  its  corpuscles  coagulates 
more  slowly  than  unaltered  blood,  it  does  not  seem  improbable,  aa  Mr.  Gulliver 
has  remarked^  that  this  separation  of  the  two  components  of  the  crassamenluni, 
wliich  determines  the  formation  of  the  buffy  coat,  is  partly  the  cause,  rather  than 
the  consequence,  of  the  slowness  of  the  coagulation  of  inflammatory  blood. — It  is 
in  the  buffy  coat  of  inflammatory  blood,  that  we  see  the  clearest  indications  of 
organizatiun  over  presented  by  the  circulating  fluid.  The  fibrous  network  is 
fretjuently  extremely  distinct ;  and  it  commonly  includes  a  large  number  of  colour- 
less corpuscles  in  its  meshes ;  the.se,  indeed,  being  sometimes  so  numerous,  that  it 
is  almost  entirely  composed  of  them.  In  its  Chemical  Composition,  the  bufly 
coat  of  inflammatory  blood  appears  to  be  peculiar;  containing  a  larger  or  smaller 
amnnnt  of  the  substance,  readily  soluble  in  boiling  water,  which  ia  considered  by 
Mulder  to  be  the  triloxide  of  protein. 

206.   When  the  '  buff'  arises  from  other  causes,  however,  its  appearance  is  less 
characteristic.     It  appears  from  the  researches  of  Andral,  that  the  usual  condi- 
tion of  iu  production  is  an  increase  in  tho  quantity  of  Fibrin  nJaftveJ^  to  the 
red  corpuscles,  and  not  a  simple  augmentation  of  tibrin.     This  increase  may  occur 
'  *•  l>a9  Blut,"  cited  m  Ilenl^'s  *'  Anutoniie  G^nerale"  (trad!,  pnr.  Jourdan),  torn  i.  p.  468k 
•  •  Report  on  laflttmmDlion,'  in  "Brit,  and  Fur.  Med.  He?.,*'  vol.  ivii.  p.  567. 
•See  his  Memoir  'On  the  Buffy  Coat  of  the  Blood,'  in  the  "Edin.  Med.  and  Surg. 
Journ."  No.  165;  and  bia  edition  of  "Hewaon's  Worka,"  p.  41. 
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in  two  ways ; — cither  bj  nn  absolute  inorfasc  in  the  fibrin,  the  aroonnt  of  the  cor- 
popcles  rctnainiDg  unchanged,  or  not  being  aufrnieiitod  in  the  some  proportion; — 
or  by  a  diminution  of  the  corpuscles,  the  quantity  of  fibrin  remaining  the  same,  or 
not  diminishing  in  the  same  proportion.  Hence  in  severe  Chlorosis,  in  which 
the  latter  condition  is  strongly  developed  (§  180"),  the  '  buffy  coat'  may  bo  :ia 
well  marked,  as  in  the  severest  Infiutnnintion.'  Unless  the  composition  of  the 
blood  be  altered  in  one  of  these  two  ways,  we  arc  assured  by  Andral  that  tlie 
* boify  coat'  is  never  formed;  the  iaflucuce  of  circumstances  which  favour  it  not 
being  sufficient  to  produce  it  when  ncting  alone.  The  absence  of  these  circum- 
stances may  prevent  it,  however,  when  it  would  otherwise  have  been  formed  : 
thus,  when  the  blood  flows  slowly  the  'buflF'  is  not  properly  produced,  because 
the  slow  discharge  gives  one  portion  time  to  coagulate  before  another,  and  only 
the  blood  last-drawn  furnishes  the  fibrin  at  the  upper  part  of  the  vessel ;  again, 
in  a  deep  narrow  vessel,  the  'buff'  will  tbrra  much  more  decidedly  than  in  a 
broad  shallow  one,  because  the  thictness  of  the  fibrinous  crust  will  be  greater. 

207.  It  appears;  then,  from  the  foregnjng  fncts,  that  we  must  regard  the 
CoagtJation  of  the  blood  as  essentially  dfp*^ndent  upon  the  vital  properties  of  its 
Fibrin :  the  tendency  to  aggregation  which  is  exhibited  by  the  Ked  Corpuscles, 
bftving  no  special  part  in  it,  except  when  that  tendency  is  abnormally  augni  en  ted, 
and  then  only  influencing  the  relative  situations  of  the  two  components  of  the 
clot.  The  deficiency  in  coagulating  power,  by  which  the  blood  is  sometimes 
marked,  must  be  attributed  to  the  WMnt  of  due  elal>oratlon  in  the  Fibrin  alone, 
or  to  the  destruction  of  its  vital  endowments  by  some  agent  which  has  a  noxious 
influence  upon  it:  of  the  former  condition  we  seem  to  have  an  example  in  such 
a  case  as  that  already  cited  (§  192),  in  which  the  circulating  fluid  consisted  of  a 
very  crude  chyle ;  of  the  latter,  in  those  disensed  states  in  which  we  can  trace 
the  operation  of  a  poison  upon  blood  tl)«t  was  previously  healthy,  as  when 
asphyxia  has  oecaiiioDed  the  retention  of  carbonic  acid  generated  within  the 
system,  or  when  the  maleriei  morbi  of  cholera  or  some  malignant  fievcr  has  been 
introduced  into  the  circulation.  But  it  would  be  by  no  means  fair  to  attribute 
the  noxious  influence  of  such  poisons  Polely  to  their  power  of  destroying  the 
coagulability  of  the  blood-fibrin,  for  it  is  obviously  exerted  in  many  other  waysj 
and  it  is  probable  that  the  same  agency  which  kills  the  fibrin,  exerts  a  similar 
destructive  power  on  the  vitality  of  the  corpuscles,  and  on  that  of  the  tissues 
through  which  the  poisoned  blood  circulates.  —  But  whilst  we  attribute  the 
coagulating  power  of  the  Blood  to  the  vital  endowments  of  the  fibrin,  we  can 
scarcely  fail  to  perceive  that  the  exercise  of  this  power  is  kept  in  check  (so  to 
*;peak)  by  the  vital  endowments  of  the  living  tissues  with  which  it  is  in  contact. 
For,  as  we  have  seen,  the  main  condition  of  cougulution  is  the  diminution  or 

'  The  records  of  Meflicine  scarcely  furifisih  a  more  notable  example  of  the  pernicious 
influence  of  theories  founded  upon  a  ahallow  EmpirioiBin,  and  of  the  superiority  of  the 
Rational  practice  based  on  a  knowledge  of  the  real  facts  of  the  cn.«e,  than  m  afforded  b; 
the  contrast  between  the  former  and  the  present  treMtmentor  Uhhrosis.  Whilst  the  notion 
prevailed  that  the  'buffy  cout'  i»  &  eifj^a  of  Inflnmniation,  and  that  the  most  potent  remedy 
Tor  Inflammation  is  loss  of  blood,  patients  already  reduced  to  a  stnte  of  ancrmia,  who  cotu- 
plained  of  pain  in  the  left  hypochondrium.  palpitation,  &o.,  were  bled  orer  nud  orer  ag^ain, 
everv  withdrawal  of  blood  of  course  seriously  increasinff  the  mischief,  by  producing  a 
further  reduction  in  tlie  proportion  of  red  corpusoles  (5  178).  The  Author  well  remembers 
that,  when  a  pupil  in  the  Bristol  Infirmary  in  the  years  18!J3-4,  he  waa  repeatedly  directed 
by  the  estimable  Senior  rhysician  (long  since  dead),  to  draw  eight,  ten,  or  twelye  ounces  v>f 
blood  from  patients  in  this  condition;  and  that  the  cmssamentum,  after  coagulation,  often 
resembled  a  email  island  floating  in  an  ocean  of  serum.  Yet,  because  this  minute  clot 
exhibited  the  buffy  coat,  the  bleedinir  was  considered  to  be  '  orthodox '  practice,  and  the 
oIlvliDacy  of  the  symptoms  was  attributed  to  the  severity  of  the  disease.  If  M.  Andral 
'    'lOA'Je  no  other  contribution  to  Medical  Science,  than  the  demonstration  of  the  real 

ire  of  thid  condition  of  the  blood,  and  of  the  influence  of  further  depletion  in  promot- 
5n(t  it,  he  would  hare  rendered  a  most  essential  service  to  the  multitudes  of  females  who 
are  uofortuaate  enough  to  suffer  from  this  kiad  of  dcteaumtiuu  of  their  vital  tluid. 
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oessstion  of  their  a^ncy,  either  by  the  withdrawal  of  blood  from  the  bodj,  or 
by  the  death  of  the  organism  enclosing  it,  or  by  the  lowered  vitality  of  the 
tissues  through  which  it  moves  (§  202) ;  whilst  mere  etagnation  exerts  but  a 
secondary  influence  upon  it  (§  200).  And  thus  we  eeem  entitled  to  say,  that 
the  liquid  condition  of  the  fibrin  is  a  result  of  a  balance  of  forces  between  the 
fibrin  and  the  living  tiBsoes,  those  of  the  former  tcndinf;  to  it«  solidificatifrn, 
whilst  those  of  the  latter  maintain  its  fluidity;  but  that  if  the  latter  shoald  be 
deficient,  the  former  come  into  uncontrolled  action,  and  expend  themselves  in 
the  productinn  of  a  lowly-orgauiaed  tissue,  the  higher  vitaliaation  of  which  de- 
pends upon  subsequent  operations  (§  198).  The  source  of  this  vital  endowment 
of  the  fibriuouB  constituent  of  the  blood,  must  be  loolied-for  in  the  operations 
to  which  the  crude  albuminous  pabulum  is  subjected^  after  its  first  reception  into 
the  system. 

208.  Of  the  particular  purposes  which  are  served  by  the  Fibrin  of  the  blood 
in  the  vital  economy  of  the  system  at  large,  it  must  be  confessed  that  we  bare 
but  little  positive  knowledge.  The  idea  has  been  ctitertuined  by  many  Physio- 
logists (including  the  Author  of  thi.s  treatise),  that  the  fibrin  is  that  element  of 
the  blood  which  is  immediately  drawn-upon  in  the  operations  of  nutrition ;  being 
the  intermediate  stage  between  the  crude  albumen  and  the  solid  tissues.  This 
opiniou  rested  in  part  upon  the  current  doctrine,  that  fibrin  is  the  con.^titnent  of 
Muscle;  and  in  part  upon  the  assumption,  that,  as  fibrin  is  more  endowed  with 
vital  properties  than  any  other  of  the  liquid  components  of  the  blood,  so  as  to  be 
capable  of  passing  by  itself  into  the  condition  of  an  organized  tissue,  it  moat  be 
the  one  most  readily  appropriated  by  the  various  parts  of  the  solid  fabric,  as  the 
material  for  their  growth  and  development. — Various  considerations  have  of  late 
been  adduced,  however,  which  tend  to  shake  this  belief.  It  has  been  shown  by 
Liebig,'  that  so  far  from  there  bein^ny  evidence  of  the  identity  of  the  Fibrin 
of  blood  and  the  subHtance  of  Muscle,  the  evidence  is  precisely  the  other  wbj. 
On  the  other  baud,  there  are  both  structural  and  chemical  indications,  that  Fibrin 
is  in  a  state  of  transition  rather  towards  the  Fibro-gelatinous  textures,  than 
towards  tlio,'<e  of  the  cellulo-albuminous  type ;  for  the  fibrous  network  which  is 
formed  by  its  coagulation,  bears  a  greater  resemblance  to  the  white  fibrous  tissti^ 
than  to  any  other  texture  of  the  body ;  whilst  the  points  in  which  the  chemical 
properties  of  fibrin  differ  from  those  of  albumen,  are  such  as  manifest  a  relationship 
to  gelatin.  (See  Pbinc.  of  Gkn.  Phys.  Am.  Ed.)  We  seem  justified  in  regarding 
it,  then,  as  the  special  pabulum  of  those  conno-five  tissues,  whose  physical  offices 
in  the  economy  are  so  important,  whilst  their  vital  endowments  are  so  low ;  and 
as  serving,  by  ita  own  formative  power,  for  the  generation  of  these  tiasaes, 
wherever  and  whenever  there  may  be  a  demand  for  them.  —  On  the  other  hand, 
there  is  a  complete  absence  of  evidence,  t^at  the  Fibrin  of  the  blood  scrvea  any 
fipecial  purpose  in  the  nutrition  of  the  Ceil ulo-albmui nous  tissues ;  and  there  an 
various  negative  indications,  that  their  generation  and  development  do  not  depend 
tlpon  its  presence.  For,  in  the  first  place,  there  is  evidence  that  a  fluid  destitute 
of  coagulating  power  may  serve  the  general  purposes  of  nutrition ;  this  being 
furnished,  not  merely  by  such  cases  as  that  just  alluded^to  (§  192),  in  which  the 
circulating  fluid  was  eatirely  deficient  in  fibrin,  apparently  from  defective  elabo- 
ration;  but  also  by  the  results  of  experimeuts  on  the  introduction  of  defibrinated 
blood  into  the  vessels  of  animals  which  had  been  reduced  to  syncope  by  the 
withdrawal  of  blood,  it  having  been  found  by  Dieffcnbach'  and  Bischoff,' that 
this  operation  immediately  re.stored  the  heart's  action,  and,  with  it,  the  general 
train  of  vital  operations.  Further,  although  we  are  not  justified  in  positively 
affirming  that  the  fluid  which  transudes  the  walls  of  the  capillary  blood-vessek, 
for  the  nutrition  of  the  tissues  which  they  supply,  is  albumiaoua  rather  than 


'  "  Ann.  der  Chem,  und  Pbarm."  band  Itxit. 
»  "We  Transfusion  dcs  Blutes,"  Berlin,  1828. 


•  '•  MttUer'B  Archiv.,"  1836. 
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probability  that  such  is  the 
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fibrinous,  yet  there  seema  a  st 

fl»mmatory  exudations  being  albuiuinotts,  uuless  produced  by  an  excess  of  pres- 
sure ;  and  the  fluid  of  the  lymphatics,  which  ia  probably  the  re-collected  surplas 
of  that  which  has  thus  escaped,  being  so  slightly  eoagulable,  that  we  tnay  fairly 
regard  the  presence  of  fibrin  in  it  as  the  result  of  the  elaboration  which  it  has 
undergone  during  its  passage  through  ihc  absorbent  system.  Moreover,  the  for- 
matiun  of  the  Vegetable  cell  takes  place  nt  the  expense  of  an  albuminous  fluid, 
there  being  no  element  iu  the  juices  of  the  Plant  analogous  to  the  fibrin  of  the 
blood ;  and  although  it  must  be  admitted  that  the  endowments  of  certain  parts 
of  Plants  are  so  peculiar,  as  to  detract  from  the  weight  of  any  such  argument, 
yet  when  it  is  considered  that  the  great  mass  of  the  Vegetable  fabric  grows  (like 
that  of  Animals)  at  the  expense  of  nutriaient  already  prepared  for  it  (by  the 
agency  of  other  parts  of  the  fabric),  and  that  the  composition  of  the  Vegetable 
cell  is  essentially  the  same  as  that  of  the  Animal  cell,  the  fact  of  the  entire 
absence  of  any  substance  at  all  resembling  fibrin  in  the  vegetable  juices,  and  the 
corresponding  deficiency  of  flbro-gelattnous  tissues  in  their  solid  fabric^  may  be 
adduced  in  confirmation  of  the  views  here  advanced. 

209.  Even  if,  however,  we  thus  limit  the  value  of  Fibrin,  as  regards  the  or- 
dinary nutritive  processes,  to  the  maintenance  of  the  gelatinous  tissues,  we 
still  have  to  consider  it  as  a  most  important  component  of  the  blood,  and  as  al- 
together different,  in  its  relations  to  the  living  body,  from  those  products  of  dis- 
integration which  are  destined  to  excretion.'     For,  putting  aside  its  presumed 

*  The  extraordinary  hypothesis  has  heen  put  forth  by  Dr.  Zimmerman,  and  espoused  by 
Mr.  Bimon  and  aome  other  Pathologists  in  this  country,  that  the  Fibrin  of  t)ie  blood  is 
one  of  those  eleroonts  of  the  circuluting  fluid  "  which  have  ariaen  ia  it  from  its  own  decay, 
or  h«TC  reverted  to  it  from  the  waste  of  the  tibsues;"  instead  of  being  "that  iuRredient 
of  the  blood,  which,  in  the  ascending  scale  of  development,  stands  next  for  appropriatioa 
into  the  liring  textures  of  the  body,  and  which  reprcRents  the  ripeness,  perfection,  and 
nutritivenes9  of  tlie  blood."  (See  Mr.  Simon's  "Lecturen  on  Genernl  Pathology,"  p.  4&, 
.^iD-  Ed).  —  This  doctrine  seems  to  the  Author  to  be  anlitbeticully  opposed  to  the  whole 
pby«io1ogion.l  history  of  Fibrin,  and  more  particularly  to  the  fuel  of  its  gradual  develop- 
ment in  chyle  during  its  onward  progress  towards  the  sanguiferous  system;  whilst,  again, 
it  Mens  to  be  directly  negatived  by  a  comparison  of  the  condition  of  fibrin  with  that  of 
the  knotm  prodtJots  of  the  disintegration  of  the  tissues,  such  iis  urea,  or  creatine,  in  which 
we  »ee  a  marked  tendency  to  the  reproduction  of  purely  physical  modes  of  molecular  ag- 
gregation, to  the  exclusion  of  those  of  vitality.  These  lust,  uhhough  we  knuw  that  they 
tnoBt  be  continually  passing  through  the  blood,  are  eliminated  from  it  with  such  jealous 
care,  that,  in  the  healthy  state,  tliey  scarcely  accumulate  in  eufficicnt  amount  to  be  deteot- 
abl«  by  analysis  (|  215) ;  it  is  scarcely  conceivable,  therefore,  that  Fibrin,  if  a  product  of 
retrograde  metamorphosis,  on  its  way  out  of  the  system,  should  be  normally  present  in 
the  blood  to  the  amount  of  2  or  3  parts  in  1000. — For  a  detailed  examination  of  the  objec- 
tions urged  by  Mr.  Simon  against  the  commonly-reccivod  view,  the  reader  ia  referred  to 
the  "Brit,  and  For.  Med.-Chir.  Rev.,"  vol.  vii.  p.  473. 

[Some  of  the  objections  to  the  oomroooly  received  doctrine  may  be  briefly  urged.  In  the 
fint  place  it  is  scarcely  possible  to  believe  that  the  small  proportion  of  fibrinc  which  exists 
ia  healthy  blood,  can  anpply  all  the  material  that  is  essential  to  repair  the  waste  that  is  so 
constantly  taking  place  in  every  ti«Bue  of  the  body,  to  say  nothing  of  the  prDccsaes  of 
growth  that  are  ao  actively  carried  on  in  early  life.  The  proportion  in  whioii  this  element 
eiiBt«,  is  not  more  than  about  one-fl.fth  per  cent,  or  less  than  ti^e  drachms  in  the  whole 
amount  of  blood.  One  can  scarcely  fail  to  be  struck  with  the  insufficient  quantity,  and 
its  inability  to  supply  all  the  demands  made  upon  it,  if  it  be  the  chief  plastic  element. 

It  baa  been  shown,  moreover,  that  the  fibrin  of  the  blood  is  undiminished,  nay,  even  in- 
ereaaed,  by  bleeding  and  starratiou ;  its  highest  figure,  according  to  Andral  and  Gavarret 
(qtioted  by  Mr.  John  Simon),  was  10^2  in  a  thousand  parts,  and  this  at  a  fourth  bleeding; 
and  Scberer  found  it  as  high  as  V2-7  at  the  third  venesectjoo  in  a  case  of  pneanionia. 
Daring  the  process  of  starvation,  when  it  would  be  expected  that  the  supply  of  the  plit^lio 
material  would  be  diminiahod,  Messrs.  Andral  and  Gavarret  found  the  maximum  of  hbrine 
to  be  5  parts  in  1000,  the  minimum  to  be  3,  the  mean  4 ;  and  Dr.  Fruni  Simon  details 
the  raault  of  an  analyHis  of  the  blood  of  a  hone  who  had  been  deprived  of  food  four  days, 
in  whose  blood  the  fibrine  had  risen  from  fire  to  nine.^    These  observationa  aru  oorrobora 
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importance  in  maintaiuiBg  that  physical  coadition  of  the  blood  which  is  mo 
favourable  to  its  free  movement  tbrnugh  the  vessels,  and  to  ita  due  retentic 

tive  proofs  of  tb«  correctness  of  thoae  of  Nasse,  that  the  quantity  of  the  fibrine  u  inc 
durinj;;  prolonged  fasting. 

Tbi^  objectiun  of  tbe  HUthor  to  the  increase  of  fibrine  during  fasting,  which  is  bit 
upon  tbp  pre!4(?nco  of  iiitliiiiimatinn  of  the  stomach,  as  observed  in  dogs  hy  Andral,  is  more 
specious  thnn  real,  when  it  is  remembered  how  difficult  it  is  to  decide  upoQ  the  presenoi 
of  tlie  intliimniatory  process  in  this  viscus  after  death. 

Tii(^  same  observers,  Messrs.  Andral  and  Gavarret,  have  stated  that  in  the  iraprovemeDt 
of  the  breed  of  animals,  there  is  a  notable  diminution  of  tlie  quaulitj  of  fibrin,  and  ao 
increase  in  the  red  corpuscles;  and  Mr.  Simon  liuds  a  further  indication  of  the  same  invent 
riitio  between  the  fibrinousnt^ss  and  the  perfeetiiin  of  the  blood,  in  the  facts,  that  there  ii 
little  or  no  librine  in  the  blood  of  the  fa;tus,  none  in  the  egg,  none  in  the  chyle,  and  leis 
in  the  blood  of  the  cnrnivora  (who  feed  upon  it),  than  in  that  of  the  borbivora;  and  wt 
liiive  the  authority  of  Nasse  and  Poggiale,  tliat  the  blood  of  new-bom  iDfants  containi 
]i.'$B  fibrine  than  that  of  adults;'  the  augraentatiun  in  the  amount  of  fibrine  tailing  place 
tiiost  rapidly  at  the  period  of  puberty.  The  blood  of  birds  also  contains  more  fibrine  thoa 
that  of  herbivora. 

In  addition  to  the  influence  of  defibrinated  blood,  quoted  by  the  author  from  Diffenbaeh 
nnd  Bischoff  (J  iiOS),  may  be  mentioned  the  Qxperimeata  of  Dr.  Brown-Seqnard  vpoa 
the  removal  of  cadaveric  rigidity  by  the  injection  of  defibrinated  blood.  In  two  cases  i& 
which  the  experiments  were  performed  upon  criminals  executed  by  decapitAtion,  the  io' 
jection  was  followed  by  a  return  of  muscular  irritability,  at  the  advanced  period  of 
thirteen  boura  after  death.  In  one  iuBtance,  human  blood  was  used,  nnd  in  the  other, 
the  blood  of  a  dog;  and  the  writer  has  been  informed  by  Dr.  Brown-Sequard.  that  the 
blood  which  was  injected,  deprived  of  fibrine  and  artcnat  iti  colour,  returned  by  the  veia 
with  the  venous  bue  and  coagulablc.  The  same  experiments  were  performed  upon  lower 
ouitnals,  and  with  a  like  result.  It  is  difticult  to  comprehend,  in  view  of  the  facta  staled 
above,  and  the  marked  increase  of  fibrine  in  anajmia,  in  phthisis,  and  in  acute  infiammatioa, 
after  days  of  starvation,  how  it  is  to  be  regarded  as  the  chief  plastic  material  of  the 
blood. 

In  regard  to  the  orr^in  of  fibrine,  the  opinion  is  maintained  by  some,  that  it  is  to  b« 
traced  to  the  process  of  disintegration  and  waste  that  is  constantly  taking  place  in 
ecouDiny  ;  and  their  opinion  gains  support  in  tho  fact  that  in  dieea^ses  characterized 
rapidity  of  capillary  circulation  and  emaciation,  tliia  material  is  strikingly  increased ; 
in  the  fact  that  in  injection  of  defibrinated  blood,  the  fluid  returns  by  the  vein  pussessin 
it  in  &  marked  degree.     That  it  does  not  arise  from  the  ingestioti  of  food,  is  shown  by 
effect  produced  by  the  introduction  of  large  supplies  of  alimentary  materials,  which  is  i 
oompanied  by  increase  of  the  solid  conalitueuta  of  the  bluod,  the  fibrine  reiuaiuiug 
changed. 

Tito  author  of  this  treatise  objects  to  the  view  above  stated,  on  the  ground  that  is  in  op- 
position to  the  gradual  development  of  fibrine  in  the  chj'le  during  its  passage  towards  the 
Sanguiferous  system.  To  this  it  may  be  replied,  that  this  change  is  more  relative  than  po.M- 
tive.  The  lymphatics  of  the  intestinal  canal  are  in  two  layers,  one  superficial,  the  other 
deep-seated — one  communicating  with  the  other.  Those  which  are  traceable  to  tho  villi, 
receive  the  products  of  chyliferoua  absorption  (oily  particles),  and  are  off-sets  from  the 
deep-soated  layer.  In  their  progress  through  the  mesenteric  ganglion,  they  mingle  their 
contents  with  that  of  the  deep-seated  layer  which  carry  the  fihrine  and  albumen  of  in- 
testinal absorption,  and  in  this  way  the  increasing  presence  of  these  elements  in  the  chyle 
niny  be  nccouiited  for;  an  explanation  more  inteltigible  than  (he  violent  hypothesis  of  a 
change  of  oily  materials  into  nitrogeoiied  principles. 

The  opinion  of  Lehmanri  upon  this  subject,  inclines  also  to  the  conclusion,  that  both 
the  albumen  and  fibrine  which  are  found  in  the  chyle,  are  the  result  of  additions  made  to 
it  either  from  the  blood  or  the  lymph;  and  that  the  disappearance  of  the  fat  is  to  bo  at- 
tributed to  the  saponification  of  that  substance  within  the  lacteals,  and  to  its  employment 
ia  the  process  of  ccll-formatiotu*  The  conversion  of  fat  into  albumen  is  quite  as  difficult 
of  comprehension  as  the  conversion  of  starch  into  albumen,  an  idea  which  the  author  him- 
self states  elsewhere  (p.  146,  note),  "would  now  be  umTersally  coademned  by  organio 
ohemists." 

It  is  also  objected,  that  if  fibrine  be  a  retrograde  material,  why  is  it  endowed  with  the 
so-called  vita!  properties  of  spontaneous  coagulation?  To  this  it  may  be  replied,  that  aa 
fibrine  is  thc^r»(  step  towards  retrogression,  and  has  just  escaped  frora  living  tissues,  it 
may  readily  be  supposed  to  retain  a  certain  amount  of  the  properties  of  those  living  ti«- 
(lues,  and  to  manifest  them  as  its  last  act  by  coagulating. 


'  "Trait^t  du  Chimie  Anatomique  et  Physiologiqae, 
•  "  Physioiogioal  Cbem.,"  pp.  ;j%— 7. 


par  C.  Robin  atid  F.  Verdell,  p.  208. 
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within  their  "walls  (§  195),  we  find  thnt  it  is  entirely  on  the  coagulatinjr  powem  of 
the  LlfKid,  that  the  cessation  of  hasmorrhajje  from  even  the  must  triflinp  injurie* 
is  dependent;  that  the  limitation  of  punilcnt  efFtisions  by  the  conRolidation  of 
the  surroundinsr  tissue,  and  the  safe  separutiou  of  pauprenous  parts,  can  only 
take  place  in  virtue  of  the  same  property;  and  that  the  adhesion  of  incised 
wounds,  still  more  the  filling-up  of  breaches  of  substance,  require  as  their  first 
tonditioD,  that  either  the  bl(X)d,  or  matter  exuded  from  it,  should  be  abl*^  to 
lasume  the  state  of  fibrous  tissue. — The  results  of  drfiticvry  of  coapulating 
power  io  the  blood,  are  fearfully  seen  in  that  continued  aud  uncontrollable  flow 
which  takes  place  in  Purpura,  the  blood  not  being  able  to  form  a  clot  sufficient 
to  fill-up  even  the  wound  made  by  the  scratch  of  a  pin }  in  the  want  of  circum- 
ecriptioo  of  collections  of  pus  within  abscesses,  alIowTn<r  its  infiltration  through 
tiasues  that  were  previously  heahby,  and  thus  occasioning  a  wide-spread  destruc- 
tion of  organized  texture,  which  is  chanicteri?tic  of  certain  forms  of  inflnmma* 
tion  (this  result  being  usually  attributable  either  to  a  previously-unhealthy  con- 
dition of  the  system,  or  to  the  introduction  of  some  specific  priison  into  the 
bUxid) ;  in  the  absence  of  a  corresponding  limitation  between  the  living  and  tho 
dead  parts  in  gangrene,  so  that  haeuiorrhuge  takes  place  on  the  separation  of  the 
plough,  the  vessels  not  having  been  previously  obstructed  by  congula ;  and  in  the 
entire  failure  of  any  effort,  either  by  simple  adhosion,  or  by  the  furniBtion  of 
connective  tissue,  for  keeping-together  the  sides  of  open  wounds,  or  for  bringing 
dissevered  parts  again  into  connection  (See  chap,  viii.,  Sect.  2). — On  the  other 
hand,  we  wa  the  consequences  of  rxrewr  of  the  propwrtion  of  fibrin,  and  of  that 
»ased  plasticity  (or  tendency  to  fibrillate)  which  usually  accompanies  its  aug- 
tion,  in  the  tendency  to  form  those  plastic  efTusioiis  which  are  characteristic 
iflnmraatory  state,  and  which,  if  poured-out  upon  serous  or  mucous  «ur- 

istitute  'false  membranes*  and  'adhesions/  or,  if  infiltrated  into  the 

itance  of  living  tissues,  occasion  their  consolidation.     This  increased  plas- 
ticity of  the  blood,  however,  may  frequently  be  regarded  in  tho  light  of  an 

Or  the  opiaion  of  HenI4  maj  he  adopted,  thnt  the  natural  condition  of  fibriae  is  the  solid 
■tat«.  and  that  is  in  held  in  solution  hy  the  infiuence  of  Utju^  tissues  with  which  it  is  in 
contact,  and  that  it  returns  to  the  solid  state  as  soon  as  those  influences  are  withdrawn. 

In  regard  to  the  drttination  of  fibrine,  the  author  states  that  there  are  both  etructural 
and  chemical  indications  that  fibrine  is  in  a  state  of  transition,  rather  towards  the  fibro- 
gelatinous  textures,  than  towards  those  of  a  cellulo-a^boroinouB  type.  While  pBrtmilj  prnnt- 
inj;  ifai!!,  there  seema  reason  also  to  eu^pcct  that  a  portion  of  it  at  lenst  is  to  be  refinrdod 
as  excretnentitioos,  and  the  reason  for  this  belief  is  found  in  the  analj-sia  of  the  blood  of 
the  renal  vein,  as  compared  with  that  of  the  aorta;  the  former,  according  to  Dr.  Frant 
Simon,  containinf^  no  Jihrint.* 

The  blood  of  the  renal  vein,  according  to  Bernard,  is  arterial  in  every  ch&racteristio 
point,  except  that  it  is  deficient  in  fibrine,  a  circumstance  BPcming  to  show  the  excretory 
nature  of  the  function  of  the  ({land.  His  analyses,  ns  welt  as  those  of  Sirnon,  efttnblisli  the 
Mme  fnct,  rix.,  the  removal  of  this  substance  iu  the  passnge  of  the  blood  through  the  orgnn. 

la  the  blood  of  the  hepatic  vein,  a  marked  diminution  io  the  quiintity  of  fibrine  is  ulso 
tbown  by  Simon's  analysis,  as  compared  with  that  of  the  portal  vein ;  both  the  Uver  and 
the  kidney,  it  will  be  remembered,  acting  as  excreting  organs  in  the  economy. 

Is  some  of  Simon's  analyses,  it  will  be  foand  that  the  fibrine  ia  in  larger  quantity  in 
venous  than  in  arterial  blood,  and  in  others  the  reverse.  In  the  bullock  and  the  nbeep, 
the  fibrine  is  in  excess  in  arterial  blood;  but  in  the  horse,  in  whom  muscular  exertion  ia 
more  violent  ami  prolonged,  the  fibrine  exceeds  in  venous  blood. 

Arterial  blood,  it  is  well  known,  rnrely  presents  (he  buffy  coat,  while  in  tho  venous  blond 
it  is  frefiuently  met  with.  It  is  equally  well  known,  that  the  white  "hcart-clot"  which 
ta  ao  often  found  in  the  right  heart,  is  never  found  in  the  left.*  Frotn  aome  obserTatfona 
of  Zimmernian's,  it  also  appears  that  the  blood  in  tho  veins  remote  from  the  heart  ia 
richer  in  filirine,  than  that  in  the  veins  nearer  to  tho  central  organ  of  circulation.* 

A»  the  points  from  which  the  blood  was  taken  are  not  mentioned,  it  is  not  improbnble 
the  variations  in  the  analyses  arose  from  the  drcuoistance  of  its  being  taken  in  some 
from  non-secreting  surfaces,  ns  from  musclea,  in  which  case  the  venous  blood  would 
ibly  contain  moat  fibrine,  and  iu  others,  from  exoreting  organs,  in  which  case  the  ar> 
lerial  would  pouess  a  more  abundant  supply. — Bd.] 

•  ••  Chem.  of  Man."    '  •'  Bernard's  Lectures  on  the  Blood."    "  Lehmann,  "  Phys.  Chem.'* 
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'effort  of  Nature,'  to  antagonize  the  evil  consequences  of  that  depression  or  pod' 
tive  destruction  of  the  vitality  of  the  solid  tissues,  which  seems  to  form  an  e»en- 
tial  part  of  the  iBdatumabory  couditiou ;  and  thus  it  is,  that  whilst  the  centnl 
part  of  a  mass  of  ti&»uc,  in  which  the  inBauimation  has  been  most  intense,  suffetB 
complete  death,  and  is  carried-awaj'  ia  the  suppurative  process,  the  periphcrJ 
part,  in  which  the  violence  of  the  inflammation  has  been  Hess,  becomes  infiltrated 
with  plastic  matter  poured-out  from  the  blood,  and  forms  the  solid  and  impe> 
meable  wall  of  the  abscess.     (See  CiTAP.  Vlll.,  Sect.  3). 

210.  Turning  now  to  the  Corpuscles  of  the   Blood,  wo  have   to  inquire  xnli 
their  special  functions,  and  into  the  nature  of  their  participation   in  the  ritl 
operations  of  the  system  at  large.     Here,  also,  we  are  oblijjed  to  rely  upon  e^ 
dence  of  a  far  less  satisfactory  nature  than  could  be  desired  j  and  at  what 
conclusions  we  may  arrive,  we  must  hold  thera  as  probable  only,  and  as  liable 
be  modified  by  further  inquiry. — In  the  first  place,  upon  looking  to  the  chemic 
constitution  of  the  Red  corpuscles,  we  find  that  it  possesses  a  remarkable  ca 
respondeace  with  that  of  Muscle,  in  the  proportion  of  potash-galt^s  which  the 
both  coutain  (in  this  respect  differing  in  a  very  marked  manner  from  the  liqi 
sanguinis)  ;  whilst  their  globulin  is  more  nearly  related  to  muscle-substance,  thi 
is  the  fibrin  of  the  blood  with  which  the  latter  has  been  usually  identified, 
again,  it  eshibita  a  like  correspondence  with  that  of  the  Nerve-substance,  in 
quantity  of  phosphorized  fat  which  both  include  (§  ll>0).     Further,  the  peculi 
colour  which  the  vesicular  nervous  matter  and  the  muscular  substance  of  wan 
blooded  animals  exhibit,  although  doubtless  attributable  in  part  to  the  actii 
presence  of  red  blood  in  these  tissues,  yet  partly  depends  upon  a  pigment 
matter  in  their  own  substance,  which  seems  closely  to  resemble  haematin.     Thus, 
then,  from  the  relative  composition  of  the  Red  corpuscles  and  of  the  Muscular 
and  Nervous  tissues,  there  appears  to  be  much  reason  for  regarding  the  former 
as  destined  to  prepare  or  elaborate  materialB,  which  are  to  be  subservient  to  tli^H 
nutrition  of  the  Iftiter.     Aguiot  we  have  seen  that  although  the  difference  in  tl^H 
colour  of  the  red  corpuscles  of  arterial  and  venous  blood,  cannot  now  be  con- 
sidered (as  it  formerly  was)  to  be  an  indication  of  chemieali  change  in  their  con- 
tents—  effected,  on  the  one  hand,  by  the  agency  of  carbonic  acid,  and,  on  the 
other,  by  that  of  oxygen, — yet  there  stili  appears  reason  to  regard  these  cor- 
puscles as  having  more  power  of  absorbing  those  gases,  than  is  possessed  by  a 
other  constituent  of  the  blood  (§  160).     Hence  we  may  look  upon  them 
specially  subservient  to  the  vital  a^/lw^*/j/  of  the  Nervo-Muscular  apparatus;  since 
it  is  one  of  the  most  important  conditions  of  that  activity,  tbat  these  tissues,  shall 
be  supplied  with  duly  oxygenated  blood,  and  that  the  carbonic  acid  which  is  one 
of  the  products  of  their  disintegration,  shaU  be  conveyed-away.     And  this  view 
is  in  complete  harmony  with  the  fact,  that  the  proportion  of  Red  corpuscles  in 
the  blood  bears  a  close  relation  to  the  amount  of  Respiratory  power  (as  shown  in 
the  quantity  of  carbonic  acid  set-free,  and  in  the  amount  of  heat  generated)  in 
different  classes  of  Vertebrata ;  both  being  greatest  in  Birds,  nearly  as  great  in 
Mammals,  very  low  in  most  Reptiles,  and  varying  considerably  among  Fishes.' 
Again,  we  obsorve  that  among  Carnivorous  Blammalia,  the  proportion  of  red  cor- 
puscles ia  considerably  greater  than  it  is  among  the  Herbivorous  tribes,  whose 
nervo-muscular  energy  is  (upon  the  whole)  so  greatly  inferior;  and  it  ia  in  the 

'  Among  InTertebratod  Animals,  as  h  general  rule,  the  dfrgreft  of  norco-inuscular  energy 
tlmtcED  be  put-forth,  the  quantity  of  carbotiic  acid  prodaced  in  resipirntion,  and  the  amount 
of  heat  generated  in  the  body,  are  alike  at  a  low  standard ;  and  the  fluid  oonstitueut^  of 
the  blood,  with  the  ooloarless  corpusoica  that  flout  in  it,  would  seem  to  convey  oxygen  to 
the  tiasues,  and  carbonic  acid  to  the  reapiratory  organs,  with  RuficicDt  facility.  In  In- 
•ects,  however,  the  case  is  different;  their  nervo-m  use  alar  actiTity,  capacity  of  respirs- 
tion,  and  heat-producing  power  being  all  extraordinarily  high.  Their  want  of  red  cor- 
puscles would  here  seem  to  be  compcnBated,  so  far  as  the  respiratory  process  ia  concerned, 
by  the  introduction  of  lur.  through  the  tracheal  apimrfttu*,  into  the  tissues  tbemselrea. 
(Sea  •'  Prino.  of  Comp.  Phys.,"  Chap.  tL  scot.  8,  and  Chap.  x.  BeoL  8.) 
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eondition  of  greatest  animal  vigour,  in  the   Huraan  Bystem,  tbat  we  find  their 

amouot  the  greatest,  whilst  the  reduction  of  that  vigour  by  chronic  disease  of 

any  description,  seetua  invariably  attended  with  a  uiore  marked  diminution  in 

this  constituent  of  the  blood  than  in  any  other.     And  in  those  Anjetiiic  states 

^  of  the  system,  in  which  the  proportion  of  red  corpuscles  is  reduced  to  an  ei- 

H  tremely  low  point  (§  190),  we  invariably  find  that  the  animal  powers  are  cor- 

HJtm>ondlDgiy  depressed;  the  cupacity  for  ausfained  exertion,  cither  of  the  mental 

^Piiealtics,  or  of  the  motor  apparatus,  being  almost  destroyed,  althouprh  both  the 

'      nervous  and  muscular  systotns  arc  very  easily  excited  to  feeble  action. — However 

difficult  it  may  seem  to  explain,  on  this  view,  the  persistence  of  any  degree  of 

nervo-muscular  power,  in  such  cases  as  that  already  referred  to,  in  which  the  Red 

corpuscles  appeared  to  be  entirely  deficient  (§  192),  the  same  difficulty  attends 

(ant/  attempt  to  assign  a  use  for  them,  which  shall  be  in  accordance  with  their 
well-marked  importance  as  oonHtituents  of  tbo  Hlood.  And  we  may  suppose 
that,  in  such  cases,  the  Colourless  corpuscles,  although  discharging  the  duty  leas 
perfectly,  might  perform  it  to  a  certaiu  extent,  aa  they  aeem  to  do  among  the 
liivertebrata. 

211.  The  difficulty  of  precisely  determiDing  the  functions  of  the  Red  oor- 
poscles,  is  even  surpassed  bj  that  of  assigning  the  probable  duty  of  the  Colour- 
leas.  The  considerations  already  adduced  appear  to  show,  that  the  Colourless 
corpuscles  are  to  be  considered  as  cells  of  a  lower  grade  than  thS"  Red ;  since 
tbey  represent  them  among  Invertebrated  animals,  and  also  in  the  incipient  blood 
of  Vertebrata ;  and  also,  because  cells  resembling  the  former  (if  out  the  very 
sune)  pass-OD  to  develope  themselves  into  the  latter  (§  1(59).  Still  we  tind  that 
this  final  change  does  not  occur  among  the  Invertcbrata ;  and  it  is  obvious,  there- 
fore, that  even  in  their  colourless  state,  the  corpuscles  have  a  function  to  dis- 
charge  in  the  vital  economy.  Little  light  has  yet  been  thrown  upon  this  subject, 
by  inquiry  into  the  Chemical  composition  of  the  blood-corpuscles  of  the  lower 
animals;  and  no  means  have  yet  been  devised  for  obtaining  the  colourless  cor- 

ft    puBcles  of  the  higher  in  a  separate  state,  for  the  purpose  of  determining  this. 

■  A  minute-sample  of  the  blood-corpuscles  of  a  Crab,  however,  examiued  by  Prof. 
Graham,  has  been  found  by  him  to  contain  "a  sensible  quantity  of  iron,  the  pro- 
portion being  perhaps  as  largo  as  in  red  corpuscles."  '  Thus,  then,  we  have  evi- 
dence that  the  difference  of  hue  between  the  two  set^  of  Corpuscles,  does  not 
involve  any  considerable  difference  in  the  proportion  of  one  of  the  most  charac- 
teristic elements  of  the  Red ;  and  if  it  be  admitted  that  they  are  both  to  be 
looked-upon  as  having  the  same  origin,  and  as  differing  only  in  their  stage  of 
development,  it  is  manifest  that  no  other  dilFerence  can  be  fairly  expected  to  exist 
in  their  contents,  than  that  which  is  marked  by  the  formation  of  the  colouring- 
matter,  as  the  final  effort  of  their  transforming  power.  This  product,  aa  we  have 
seen  (§  160),  constitutes  but  about  one-lwentietk  of  the  whole  contents  of  the 
Red  corpuscles.  — The  following  observation  by  Mr.  Newport  seems  to  indicate, 
tbat  the  corpuscles  of  the  blood  of  Insects  (some  of  them  in  the  condition  of 
'granule-cells,'  others  in  that  of  'nucleated  colourless  cells,'  §  1G9),  have  un 
important  function  to  perR^nn  in  the  elaboration  of  nutrient  material.  The  *  ont- 
sbaped'  corpuscles  (the  'granule-cells'  of  Mr.  Wharton  Jones)  are  found,  in  the 
Larra,  to  be  most  numerous  at  the  period  immediately  preceding  each  change  of 
skin ;  at  which  time  the  blood  is  extremely  coaguluble,  and  evidently  possesses 
the  greatest  formative  power.  The  smallest  number  are  mct-witb  soon  after  the 
change  of  skin ;  when  the  autriunt  matter  of  the  blood  has  been  exhausted  in 
the  production  of  new  epidermic  tissue.  In  the  I'upa  state,  the  greatest  number 
are  found  at  about  the  third  or  fourth  day  subsequent  to  the  change ;  when  pre- 
parations appear  to  be  most  actively  going-on,  for  the  development  of  tho  new 
parts  tbat  are  to  appear  in  the  perfect  Insect.     Afler  this,  there  is  a  gradual 

*  "  Fhilosvphical  TraDsacdooa,"  1846,  }>.  105. 
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diminution;  tJie  plastic  element  being  progreasively  withdrawn  by  the  formative 
processes;  until,  in  the  perfeut  Insect,  very  few  remain.  When  the  wings  ait 
being  expanded,  however,  and  are  still  soft,,  »  few  out-shnped  corpuscles  circulate 
through  their  vessela ;  but  as  the  wings  hccome  consolidated,  these  corpuicleg 
appear  to  be  arrested  and  to  break-down  in  the  circulating  passages;  supplying, 
S8  Mr.  N.  thinks,  the  nutrient  material  for  the  completion  of  these  structarei, 
which  8ub.^e(jupntly  undergo  no  change.'  The  bloud  also  contains  nucleatiid 
celb,  the  proportion  of  which  eeems  to  increase  in  the  Imago  state,  whibt  Uut 
of  the  '  granule -eel  Is'  diminishes. 

212.  That  condition  of  the  corpuaeular  element  of  the  blood  which  is 
normal  tn  the  Insect,  luust  be  considered  as  decidedly  abnormal  in  the  Vertc- 
brated  animal,  in  wliich  the  cin  ulariiig  fluid  goes-on  to  a  higbor  phase  of  devel- 
opment; iind  the  excess  of  Colourless  corpuscles  in  the  latter  seems  always  to  bo 
a.><sociated  (save  in  the  curly  part  of  life)  with  an  imperfect  performance  of  their 
nutritive  operations.  Tbus,  according  to  the  observutions  of  Mr.  Paget,  they  are 
especially  abundant  in  the  blood  of  frogs  that  arc  young,  sickly,  or  ill-fed ;  and 
whilst  in  the  6rst  of  these  cases,  their  large  number  seenia  to  depend  upon  rapid 
increase,  so  that  the  new  red  corpuscles  may  be  generated  in  adaptation  to  quick 
growth,  in  tbe  two  latter  their  accucnulation  seems  rntbcr  to  be  attributable  to  a 
retardation  of  development  through  disease  or  defective  nutriment,  so  that, 
although  their  production  is  not  hiudered,  their  normal  mctuiiiorphosis  does  not 
take  place.  Soj  as  regards  tbe  human  subject,  Mr,  Paget'  confirms  the  statement 
of  Mr.  Wharton  Jones  and  Prof  J.  H.  Bennett,  that  the  increased  proportion  of 
Colourless  corpuscles,  which  has  been  regarded  by  snrae  observers  (especially  bj 
Mr.  Addison  and  Dr.  C.  J.  B.  Williams)  as  characteristic  of  inflammatory  blood, 
and  particularly  of  that  which  is  drawn  from  an  inflamed  part,  is  far  from  being 
a  constant  phenomenon ;  being  most  frequent  when  the  subjects  of  the  diseaw 
aro  persons  in  weak  health,  or  of  tbe  tuberculous  diathesis,  as  has  been  remarked 
also  by  Nasse  and  Popp.  And  Mr.  Paget  has  furnished  a  remarkable  confirma- 
tion of  this  view,  in  the  observation,  that  the  inflammatory  exudations  produced 
in  different  individuals,  by  the  application  of  the  same  stimulus  on  the  Bnme 
tissue  (e.  g.  by  tbe  action  of  a  b!istt;r  on  the  skin)  are  found  to  present  a  pre- 
dominance of  the  jibn'uous  or  of  the  rorpu^tcnlar  element,  according  to  the  general 
condition  of  the  patient.  *'The  highest  health  is  marked  by  an  exudation  con- 
taining the  nut!<t  perfect  and  unmixed  Hbrin  ;  the  lowest  by  the  formation  of  the 
most  abundant  corpuscles,  and  their  nearest  approach,  even  in  their  early  state, 
to  the  characters  of  pus-cells.  Tbe  degrees  of  deviation  from  general  health  are 
marked,  cither  by  increa-siiig  abundance  of  the  corpu-sclcs,  their  gradual  predom- 
inance over  tbe  fibrin,  and  their  gradual  approach  to  tbe  character  of  pus-cells; 
or  else  by  the  gradual  deterioration  of  the  fibrin,  which,  from  being  tough,  elastic, 
uniform,  aud  of  filamentous  appearance  or  filamentous  structure,  becouies  less 
and  less  filamentous,  softer,  more  paste-like,  turbid,  nebulous,  doited,  and  mingled 
with  minute  oil-molecules."  "  After  some  practice,"  adds  Mr  Paget  '*  one  luight 
form  a  tuir  opinion  of  tbe  degree  in  which  a  patient  was  cachectic,  and  of  the 
degree  in  which  an  inflammation  in  him  would  tend  to  the  adhesive  or  to  the  sup- 
pumtive  character,  by  the  microscopic  appearance  of  these  eiudations."' — From 
such  evidence  we  seem  forced  to  the  conculusinn,  that,  whether  or  not  the  Colour- 
less corpuscles  are  to  be  regarded  in  any  other  light  than  a.s  blood-cells  not  yet  fully 
developed,  their  multiplication  is  not  (ns  wus  once  maintained  by  the  Author  and 
others)  the  source  of  increase  in  the  fibrinous  constituent  of  the  liquor  sanguinis.* 

'  "Philosophical  MnRaiine,"  Mfly,  18J5. 

•  'Lectures  ou  InHnramntJon,*  in  '*  Medical  Quette,"  1850,  vol  ilv.  pp.  972,  978;  and 
••  Surgical  Pathology'"  p.  'JOB.  Am.  Ed. 

•  "Med.  Gaiette,"  I860,  toI,  ilr.  p.  1015;  and  "Surgical  Pathology,"  p.  220,  Am.  Ed. 

•  The  .\iillior  cannot  help  still  sufjiecting,  however,  thnl  the  Colourless  corpuscles  ar«*  not 
to  be  regurded  fn«r</y  m  red  blood-cHlls  in  tUeir  earlier  phase  of  development;  but  tlmt 
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Whether  the  arrest  of  development  of  these  corpuscles,  in  the  abTiormal  condi- 
tioDB  just  referred-to,  is  to  be  attributed  to  an  orifrioal  want  of  capacity  in  llieir 
l^ernis,  or  to  some  agency  which  .subsequently  dopresses  their  vitaf  power,  or  to 
the  wunt  of  some  material  whirh  they  require  for  the  purpoHe,  can  scarcely  at 
present  be  decided;  and  it  maybe  doubted  whether  any  one  of  these  deterniitiing 
caoses  is  in  action  in  every  ca«e,  or  whether  each  of  them  may  nut  occusionully 
operate,  either  singly  or  in  combination. 

213.  Turning  now  to  tboee  constituents  of  the  Blood  which  show  no  indica- 
tions of  possessing  vitality,  we  have  first  to  speak  of  its  A/f<umm.  The  relations 
which  tnis  substance  bears  to  the  living  body  are  of  the  most  important  and 
fundanieotul  character;  since,  as  elsewhere  shown  (Pkinc.  ok  Gen.  Puts),  it  is 
the  orij^in.ii  pnhulum  at  the  expense  of  which  all  the  solid  tissues  are  generated, 
whilj*t  it  also  affords  the  mnterial  for  the  production  of  the  fibrin,  the  globulin, 
and  the  hii>ntatin  of  the  blood  itself.  It  appears,  however,  to  be  itself  entirely 
destitute  of  formative  capacity  ;  for  in  no  exudsitiou  which  is  purely  serous,  do 
we  ever  trace  the  slighest  indication  of  orpinizntion ;  and  its  conversion  into  the 
\ariottB  kinds  of  tissue,  therefore,  must  be  entirely  duo  to  their  own  power  of 
appropriating  and  transforming  it.'  The  great  function  of  the  Albumen  of  the 
bloody  then,  is  to  supply  the  material  for  these  various  transformations  ;  and  we 
aecordinjily  find  that  whatever  other  cbanjies  the  fluid  may  underrro,  whether  it 
loses  its  fibrin  or  ita  red  corpuscles,  or  both,  albumen  isslitl  present  in  abundance. 
[M.  Bernard  has  recently  shown  that  the  alburaen  contained  in  the  blocxi  exerts 
an  cncri^etic  influence  upon  that  fluid,  by  enabliiit^  it  to  retain  many  substances 
in  solution  which  are  ordinarily  precipitated  in  an  alkaline  fluid.  Sulphate  of 
copper,  for  example,  which  is  precipifcited  by  Liquor  Potassae,  circulates  freely 
in  the  bh>od  in  a  state  of  solution,  retained  in  thi.s  condition,  as  he  believes,  by 
the  presence  of  albumen.  If  the  albumen  bo  withdrawn  from  the  blood  by  any 
organ,  either  for  its  nutrition,  or  to  furnish  mideriiilsf  for  («ecretion,  the  metal 
will  be  deposited  in  that  organ  ;  thus  antimony  is  deposited  in  the  liver,  and 
^^crcury  and  arsenic  in  other  or-^ns. 

"*  Albumen  also  alters  the  chemical  relations  of  certain  substuncesto  each  other, 
or  so  masks  them  that  they  fail  to  be  recognized.  Thus,  lactate  of  iron,  mingled 
with  blood  forms  a  combination  with  albumen,  so  that  the  addition  of  Cyanide  of 
Potassium  fails  to  produce  the   Prussian  blue.     If,  now,  an  energetic  acid  be 

tbej  have  lonie  special  connection  with  the  elaboration  of  the  plutic  constituents  of  the 
blood.  Warned,  tiowever,  by  proTious  experience,  of  the  danger  of  building  concluaiooi 
»n  obserrations  of  a  limitec!  and  imperfect  character,  he  refrains  at  present  from  offering 
hypothe«(i9  as  to  the  nnture  of  that  rel«tion, — merely  guggeating,  that  it  is  fnr  from 
tin  thnt  all  the  bodies  which  pass  under  the  deitignation  of  'white'  or  '  colourlesa 
eoipuscle*'  are  of  the  (tame  kiud,  aa  is  phown  by  the  fiict,  that  cells  are  formed  in  exuda- 
^«BS.  which  cannot  be  distinguished  fmrn  the  colourless  cells  of  the  blood,  and  which  yet 
ecarcely  be  supposed  to  be  rudimentnl  red-corpuscle?  ;  and  that  if  some  of  the  '  cohtur- 
I  corpuscles'  of  the  blood  be  looked-upnn  as  in!<trumental  in  elaborating  its  plastic  com- 
Its.  whilst  others  are  on  the  march  of  development  into  red  corpuscles,  it  Beems  rery 
that  the  same  depressing  infinence  which  checks  the  hitter  process  should  o.\so 
fere  with  the  former,  and  that  thus  an  accumulation  of  colourless  corpuscles  in 
lirctic  subjects  may  coincide  with  a  diminution  in  the  red,  and  at  the  same  time  with 
'Imperfect  elaboration  of  the  fibrin  of  their  blood. 
*  Those  who  maintain  that  Fibrin  is  the  OTily  organizable  constituent  of  the  blood,  and 
that  it  is  the  immediate  source  of  the  nutrition  of  the  tissues  generally,  consider  that 
Albumen  cannot  be  Appropriated  by  the  tissues,  without  first  passing  through  the  con- 
dition of  tibrin.  This  doctrine,  formerly  conteiviled-for  by  the  Author,  he  now  abnndoua 
as  incooAftent  with  much  that  we  know  of  the  history  of  Fibrin  and  of  its  destinntioi)  in 
the  body  ({  208) ;  and  he  would  rest  upon  the  simple  fact, — that  the  first  development  of 
the  embryonic  mass,  by  the  multiplication  of  its  component  cells,  takes  place  in  a  fluid  io 
which  nothing  analogouB  to  fibrin  can  be  diacorered, — as  showing  that  cells  are  able  tu 
draw  their  support  directly  from  an  albumirunu  pabulum :  whilst  it  is  only  when  the  gcla 
tinous  tissues  b«gin  to  be  formed  in  the  embryo,  that  we  find  ita  blood  to  become  apon- 
taaeooalj  coagulable. 
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added  which  will  destroy  the  albumen,  the  colour  will  at  once  be  formed.  Or  if 
the  materials  be  separated  from  the  hluod  by  any  aecretiug  orguu,  without  the 
albumen,  tlio  characteristic  colour  will  be  found  in  the  organ  by  which  it  is 
throwu-oEF  (§  94)  '.—Ed.] 

Its  ultimate  source  ts  to  be  found  in  the  food ;  but  the  eerous  liquid  which  per- 
colates the  tissues  of  the  body  may  be  regarded  as  a  reserve-store,  to  be  ilrawn-upoQ 
in  caso  of  need,  furnishing  albumen  to  the  blood  when  it  might  otherwise  ba 
deficient  j  and  thus  perhaps  it  is,  that  abstinence  or  repeated  losses  of  blood  do 
not  produce  the  degree  of  depression  in  the  proportion  of  albumen  which  might 
be  expected  from  the  very  marked  reduction  they  effect  in  that  of  the  corpuscles.' 
When  an  excess  of  Albuminous  matter  is  invested  as  food,  the  injurious  eflFei 
which  mij[;ht  follow  the  too  great  augmentation  of  this  constituent  of  the  Bl 
appear  to  be  averted  by  the  readiness  with  which  it  undergoes  retrogrmie  as 
&a  ■progressive  metauiorphosia  j  for,  if  not  speedily  subjected  to  the  latter  chanj 
it  appears  to  be  affected  by  decamposin;;  agencies,  and  to  be  eliminated  from 
system  by  the  excretory  apparatus,  under  the  form  of  urinary  and  biliary  matter. 
(See  CHAP.  IX.)  Although  Albumen  seema  to  furnish  certain  constituents  of 
secretions  which  are  applied  to  special  purposes  within  tbe  body,  yet  ita  passage 
as  such  into  tbe  excretions  must  be  lookcd-upon  aa  quite  abnormal,  and  ae  (so  to 
speak)  a  mere  wai^te  of  nutrient  material. 

214.  The  Fatty  matters  of  the  Blood  are  obviously  destined  to  furnish  tbe  con- 
tents of  the  Adipose  and  Nerv'ous  ve-siclesj  whilst  their  presence  seems  also  to  be 
i  xequired  in  the  early  stages  of  the  production  of  Cells  generally.  One  of  the 
principal  sources  of  their  expenditure,  however,  is  that  combustive  process  by 
which  the  heat  of  the  body  is  maintained ;  and  the  amount  deposited  in  the 
tissues  as  fat,  may  be  looked-upon  as  the  surplus  of  the  quantity  ingested,  that 
is  not  thus  consumed.  The  quantity  of  fatty  matter  in  the  blood  is  liable  to 
sudden  augmentation,  from  the  introduction  of  a  large  quantity  furnished  at 
once  by  tbe  alimentary  material;  and  this  excess  will  continue  until  the  surplui 
has  been  eliminated,  either  by  tbe  combustive,  the  nutritive,  or  the  excretory 
operations.     These  last  do  not  ordinarily  remove  the  saponi&ible  fats  from  tbe 


'les.' 


body ;  for  although  the  mammary  secretion  in  the  female  draws-off  from 

s  destined,  not  for  its  purifica 
but  for  the  nutrition  of  her  offspring;  and  eholesterin  appears  to  be  the  only 


blood  a  large  quantity  of  fatty  matter,  this  is  destined,  not  for  its  purificati 


fetty  substance,  which  is  normally  excreted  for  the  purpose  of  being  removed 
from  the  body.     Fatty  matters  are  often  detectable  in  small  quantities  in  the 
healthy  fwces,  where,  however,  their  presence  may  be  attributed  to  the  □on-ab' 
Borptiou  of  a  portion  of  those  which  the  food  had  included;  and  this  want  of 
absorption  seema  specially  to  occur  in  cases  in  which  the  action  of  the  Pancreas 
or  of  the  Liver  is  disturbed  by  disease  of  one  or  both  of  those  organs.*     But 
they  are  sometimes  discharged  in  such  large  quantities,  that  it  is  scarcely  posf^ible 
thus  to  account  for  their  presence ;  and  it  would  seem  that  they  must  have  been 
poured  into  tbe  alimentary  canal,  either  by  the  liver  or  by  some  other  excreting 
organ  which  must  have  drawn  them  off  from  tbe  blood.     It  does  not  seem  an 
improbable  surmise,  that,  in  sut-h  cases,  there  may  be  an  extraordinary  tcnden<^^ 
to  the  metamorphosis  of  albarainous  and  other  azotized  matters  (whether  ^1]^^| 
nishcd  by  the  tissues  or  by  the  food)  into  fat ;  and  that  the  excretion   of  th^^ 
aubstancc  docs  in  effect  tend  to  keep-down  their  proportion  in  the  blood.     Their 

'  "  Bernard  and  Robin  oa  the  DIood." 

*  It  is  to  be  remembered,  bowevcr,  that  tbe  whole  mass  of  the  blood  (liquid  as  well  as 
•olid)  is  probftbly  reduced  under  tbese  circumstanoeH  ;  it  having  been  found  bj  tbe  experi- 
meats  af  Chossat  ("  Becherchce  ExpSrimcntulcs  sur  rinanitton'^'),  that  whea  auiainls  were 
lulled  by  BtarTation,  the  blood  lost  no  less  t^aa  76  per  cent,  of  its  weight,  whilst  the 
average  lose  of  the  whole  body  "waH  40  per  cent. 

'  See  Dr.  Bright'e  Memoir  on  •  Disense  of  the  Pancreas  and  Duodenatn,'  in  •«  Medtco- 
Chimrg.  Trans."  vol.  xyiii. ;  and  the  Art.  'Pancreatic  Diaease  and  Fatty  Discharges, '  in 
'*Brit.  and  For.  Med.-CMr.  Rev.,"  voL  xlL  p.  164. 
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occnsiona!  estmordinary  aecamulation  in  the  oircalating  fluid  (§  192)  tends  to 
eonfimj  this  view;  for  it  appears  st^arceTy  possible  that  such  an  enormous  pro- 
portion of  fat  could  ii«Te  been  deriveii  from  the  food,  either  in  the  condition  of 
fat,  or  in  that  of  a  saccharine  compound  capable  of  being  converted  into  it. 

215.  AJl  the  other  Orpanic  compounds  which  have  been  distinctly  recognized 
in  the  bUwdj.  or  of  whoso  presence  in  the  circulating  cnrrent  we  have  inferential 
evidence, — pupar,  luetic  acid,  urea,  uric  acid,  hippuric  acid,  creatine,  creatinine, 
the  volatile  fatty  acids,  and  the  odorous  substances, — are  to  be  considered,  not  a? 
in  any  way  subservient  to  those  constructive  chang«?a  in  which  Nutrition  properly 
conaists,  but  aa  products  of  the  retrograde  metamorphusis,  either  of  the  alimen- 
tarj'  ranteriiils,  or  of  the  tissues  themsielvesj  an<l  as  on  their  way  to  be  elimi- 
nated from  the  blood,  either  by  the  respiratory  ortrans,  or  by  some  other  part  of 
the  Excretory  apparatus.  And  the  tuore  perfect  the  balance  between  the  action 
of  this  apparatus,  and  the  operations  whereby  theM  compounds  are  pencrated, 
the  less  will  be  the  proportion  in  which  they  present  themselves  in  the  blood, 
and  the  greater  will  be  the  difficulty  in  detecting  tlieni  there. 

216.  The  uses  of  the  various  Inori/avtc  compounds,  which,  as  being  uniformly 
present  in  the  Hlood,  inuat  be  considered  among  its  integral  constituents,  are  not 
89  yet  by  any  means  pofiitivcly  known;  yet  great  advances  have  been  recently 
made  towards  this  knowledge;  and  it  may  be  pretty  certainly  affirmed,  that  the 
presence  of  some  of  them  has  reference  to  the  peculiar  function?  and  conditions 
of  the  blood  itaelf,  whilst  others  are  chiefly  destined  for  appropriation  by  the 
tissues,  to  whose  growth  it  ministers.  The  former  seems  to  be  especially  the  caae 
with  the  Alkaline  salt* ;  of  which  the  jtlioxphnte  and  carbonate  of  soula  would 
seem  in  bave  it  for  their  chief  purpose,  to  niaiutain  the  alkalinity  of  the  blood, 
on  which  depend  not  merely  the  litjuidity  of  its  albumen,  but  the  facility  of  its 
passage  through  the  eapilhiries,  and  the  readiness  with  which  its  couibasfive 
materials  are  oxidized ;  whilst  they  also  increase  the  absorptive  power  of  the 
iterum  for  gases.  8o  the  presence  of  rhloriile.  of  milium  is  needed  for  the  oonser- 
vatiqn  of  the  oqranic  components  of  the  blood  in  their  normal  condition,  and  it 
also  Beems  to  be  essential  to  the  pprfnrinftnce  of  many  of  the  raetamorphic  and 
histogenetic  operations  to  which  those  substances  are  subjected  in  the  economy; 
this  salt,  moreover,  is  itself  refjulred  as  a  component,  not  only  of  the  solid  tissuea 
generally,  but  also  of  all  the  secreted  fluids.  The  »<*lts  of  prttash  appear  to  bo 
specially  rerjuired  for  the  nutrition  of  the  muscular  tissue ;  but  they  probtibly 
exert  the  same  generitl  infljuence  with  thnse  of  soda.  The  presence  of  the 
Karlhy  salts,  on  the  other  hand,  would  seem  to  have  reference  almost  exclusively 
to  the  composition  of  the  tissues,  iuto  which  some  of  them  enter  very  largely. 
The  pho^hate  of  time  in  particular  mu.'it  be  regarded  almost  in  the  light  of  a 
bLotogenetic  substance,  bo  constantly  dops  it  seem  to  be  present  in  newly-forming 
tissues;  whilst  it  is  also  in  great  demand  as  the  principal  consolidating  material 
of  bone  and  tooth.  Whether  the  carLtjnate  of  limf,  the  phosphate  of  matjncsHt, 
the  fiitori'de  nf  calcium,  and  the  silica  of  the  blood,  are  of  any  other  use  in  it 
than  to  supply  consolidating  materials  for  the  tissues,  there  is  at  present  no  evi- 
dence whatever.  Innif  like  the  alkaline  salts,  is  an  essential  constituent  of  the 
blood  itself,  forming  a  very  large  per-centage  of  the  hwmatia  of  its  red  corpus- 
cles ;  and  it  is  supplied  by  the  blood  to  various  tissues,  especially  the  muscles 
and  the  hair,  of  which  also  it  may  be  considered  an  essential  component.  — The 
normal  proportions  of  all  these  subatancea  appear  to  be  chiefly  maintained  by 
means  of  the  excretory  apparatus^  which  filtcrs-ofF  (so  to  speak)  any  surplus ;  il 
being  through  the  Urinary  organs  that  they  are  chiefly  eliminated.  And  it  is 
by  themj  too,  that  the  normal  proportion  of  Wat^r  in  the  blood  is  chiefly  main- 
tained; the  Malpighian  apparatus  of  the  kidneys  apparently  acting  as  a  kind  of 
safety-valve,  through  which  any  surplus  that  remains  after  the  cutaneous,  pul- 
monary, and  intestinal  exbalanta  bare  performed  their  appropiiute  duties,  ii 
allowed  to  make  its  escape. 
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217.  It  is  not  alone  by  the  proper  Excretory  apparatus,  however,  that  the  fit- 
ness of  the  Blood  for  circulatinn  through  the  body  is  maintained.  Every  U»ue 
dmws  from  the  circiilalinj;  fluid  siune  particular  maU»rial,  or  corobiDation  of 
miiterinls,  which  constitutes  its  own  special  pabulum  ;  and  as  the  'pabulam'  of 
each  tissue  is  different,  it  fuUowa  that  the  aurmal  composition  of  the  blood  can 
only  be  preserved,  without  wa-ste  of  substance,  by  the  existence  of  euch  a  balance 
between  the  appropriate  action  of  the  several  parts,  as  shall!  cause  a  certain  equi- 
valent of  bloftd  Uy  supply,  witliout  deficiency  or  surplus,  the  materials  which  they 
collectively  require.  8ueh  a  balance  is,  in  fact,  ordinarily  preserved  ;  and  its 
luuiutonnnee  is  one  of  the  most  marvc-Unug  of  those  exemplifioatioDs  of  Design, 
which  the  vital  economy  of  tlie  body  presents  in  no  less  a  degree  than  its  ot^- 
nizcd  structure;  an  exemplification,  however,  which  becomes  yet  more  marvel- 
lous,  when  it  is  shown  that  not  only  every  kind  of  tissue,  but  every  spot  of 
every  organ,  has  its  own  special  *  pabulum ;'  drawing  something  from  the  blood, 
which  is  different  from  that  appropriated  by  every  other  part  of  the  body,  save 
the  eorrcepoHdlnjj  spot  on  the  opposite  side.  This  position  seenna  fully  esta- 
blished by  the  researches  of  Dr.  W.  Budd  and  of  Mr.  Paget  on  'Symmetrica! 
Diseases"  the  phenouiena  of  which  are  full  of  interest,  as  illustrating  the  ordi- 
nary operations  of  Nutrition.  Excludine  the  cases  of  congenital  symmetrioJ 
defects,  and  a  few  which  seem  to  depend  on  morbid  influence  of  the  Dervous 
system,  it  may  Ije  stated  as  a  general  fact,  that  all  symmetrical  diseases  depend 
on  the  pn-seiice  of  some  morbid  material  in  the  blood,  which  usually  enters  into 
combination  with  the  ti.saue  that  is  diseased,  or  with  the  organized  product  of 
tlie  uioibid  process.  Such  a  substance  fastens  upon  certain  spots  or  island:)  oa 
one  side  of  the  body,  leaving  the  surrounding  parta  unaffected ;  and  precisely 
similar  spota  or  islands  are  affected  in  like  manner  on  the  other  side.  The  con- 
clu^iiin  seoms  unavoidable,  that,  however  closely  one  portion  of  skin  or  bone  may 
seem  to  rt>flerable  another,  the  only  parts  that  are  exacflt/  alike  are  those  which 
repeat  each  other  sy  in  metrically  on  the  opposite  sides  of  the  body;  for,  although 
no  power  of  artificial  chemistry  may  determine  the  difference,  the  chemistry  of 
the  living  body  makes  it  evident,  the  morbid  material  tesliug-out  the  parts  for 
which  it  has  the  greatest  affinity,  uniting  with  these  alone  and  passing:  by  the 
rest.  It  is  continually  observable,  moreover  (as  Mr.  Paget  has  remarked),  that 
a  poison  of  the  same  kind  will  attack  corresponding  spots^  not  merely  on  the  two 
sides  of  a  single  individual,  but  also  on  the  two  sides  of  any  others  who  may 
have  imbibed  it  into  their  systems.  Thus  the  syphilitic  poison  has  its  ♦  seats  of 
election '  when  it  begins  to  attack  the  bones,  fixing  upon  certain  partd  of  the 
tibiae  and  of  the  skull  with  great  uniformity;  and  in  the  Ilunterian  Museum  are 
the  pelves  of  two  lions,  on  both  of  which  new  osseous  deposit  has  taken  place 
(as  the  product  of  some  disease  resembling  rheumatism  in  man)  in  a  moat  com* 
plex  and  irregular  pnttcrn,  this  bting  so  similar  in  the  two,  that  almost  every 
spot  and  line  of  the  one  is  represented  in  the  other,  with  an  exactness  only  infe- 
rior to  the  symmetrical  correspondence  bcvtween  th»  two  aides  of  each.*  It  has 
been  further  pointed-out  by  Dr.  W.  Budd,  as  indicated  by  the  phenomena  of 
these  diseases,  that  next  to  the  parts  which  are  symmetrically  jihiced,  none  are 
so  nearly  identicid  in  composition  as  those  which  are  analogous,  auch  as  the 
corresponding  parts  of  the  superior  and  inferior  extremities.  —  All  these  facta 
tend  to  demonstrate  the  perfect  and  most  minute  exactness  of  the  adaptatioa 
which  must  exist  in  the  state  of  health  between  the  blood  and  a!l  the  tissues,  as 
well  as  the  almost  inconceivable  minuteness  of  thedepiirture  from  ihis  adaptation 
whtoh  may  become  a  source  of  disease  ;  and  it  is  a  sure  indication  of  the  safety  with 
which  we  may  found  such  inference:)  upon  them,  that  the  phcoouicna  of  sym- 
metrical disease  are  most  distinct,  when  the  disordered  action  is  most  conform- 

*  See  their  original  EBsays  on  this  subject  in  the  "  Med.-Chir.  Tntna."  vol.  XXT. 

*  8««  Mr.  Pnget'fl  'Lecturen  on  NutritioD,  &o.'   in  the  '<  Medicftt  Quette'*  for  1847i 
Oeot  I. ;  aoil  bis  "  Lectures  oa  Surreal  FuLboIogjr,*'  p.  30,  Am.  Ed. 
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able,  as  to  its  character  Dud  its  rate,  to  the  Donnal  nutrition  of  the  structure ;  it 
beio^  in  diseases  which  (though  dt.'pendcnt  upon  a  poison  ia  the  blood)  are  of 
an  inflamiuatory  or  other  vinileut  ualure,  that  tbo  eymuietry  of  the  morbid 
chaD{z«  ia  least  obvious.  * 

218.  Hence,  then,  we  are  led  to  the  conclusion,  that,  as  Trcviranns  phrased  it, 
**  each  single  part  of  the  body,  in  respect  of  its  nutrition,  stands  to  the  whole 
body  in  the  relation  of  an  excreted  substance ;"  or,  in  other  word«,  each  part  of 
the  body,  by  taking  from  the  blood  the  peculiar  eubetances  which  it  needs  for 
its  own  natritioo,  does  thereby  act  as  an  excretory  organ,  inasmuch  as  it  removes 
from  the  blood  that  which,  if  retained  in  it,  would  be  injurious  to  the  nutrition 
of  the  body  generally.  Thus,  the  phosphates  which  are  deposited  in  our  V>ones, 
are  as  effectually  excreted  from  the  blood,  and  aa  completely  prevented  from 
acting  injuriously  on  other  tissues,  as  are  those  which  nre  discharged  with  the 
urine.  —  The  applications  of  this  doctrine  have  been  greatly  extended  by  Mr. 
Paget,'  who  has  given  the  following  among  other  examples  of  its  bearing  upon 
the  gCDcal  relations  between  the  blood  and  the  tissues.  The  hairy  covering 
may  be  considered  to  serve,  over  and  above  its  local  purposes,  for  the  removal 
of  certain  components  of  the  blood,  which  would  be  injurious  to  its  constitution 
if  they  remained  and  accumulated  in  it;  and  accordingly  we  do  not  6nd  that  its 
deyelopment  is  delayed,  until  neartlic  period  when  its  protection  will  be  required  ; 
for  a  complete  coat  (the  Innvfjo  of  the  human  f<«tus)  is  formed  in  the  fa'tus  of 
mammals  generally,  whilst  they  are  still  within  the  uterus,  removed  from  all 
those  conditions  against  which  hair  is  a  defence  ;  and  this  cout  ia  shed  very  soon 
after  birth,  being  replaced  by  another  of  whoHy  different  colour,  the  growth  of 
which  bad  begun  within  the  uterus.  The  same  principle  leads  to  the  apprehen> 
sioD  of  the  true  import  of  the  hair,  which  exists  in  a  kind  of  rudimental  i^tate 
on  the  general  surface  of  our  hodies;  and  thence  to  the  real  meaning  of  the 
existence  of  other  organs  which  permanently  remain  in  a  rudimental  state,  such 
aa  the  mammary  glands  of  the  male.  For,  as  Mr.  Paget  justly  remarks  (loc. 
cit.)  "  these  rudimental  organs  certainly  do  not  serve,  in  a  lower  degree,  the 
■ame  purposea  aa  are  served  by  the  homologous  parts  which  are  completely  de- 
Teloped  in  other  species,  or  in  the  other  sex.  To  say  they  are  useless,  is  con- 
trary to  all  we  know  of  the  absolute  perfection  and  all-pervading  purpose  of 
creation  j  to  say  they  exist  merely  for  the  sake  of  conformity  to  a  general  typo 
of  Btmcture,  is  surely  unphilosophical,  for  the  law  of  unity  of  organic  types  is, 
in  larger  instances,  not  observed,  except  when  its  observance  contributes  to  the 
adrantage  of  the  individual.  No:  all  these  rudimental  organs  must,  as  they 
grow,  be  as  excretions  serving  a  definite  pui^ose  in  the  economy,  by  removing 
their  appropriate  materials  from  the  blood,  thus  leaving  it  fitter  for  the  nutrition 
of  other  parts,  or  adjusting  the  balance  which  might  otherwise  be  disturbed  by 
the  formation  of  some  other  part.  Thus  they  minister  to  the  self-interest  of  the 
individual  j  while,  as  if  for  the  sake  of  wonder,  beautyj  and  perfect  order,  they 
are  conformed  with  the  great  law  of  unity  of  organic  types,  and  concur  with  the 
ttuivereal  plan  observed  in  the  construction  of  organic  beings." 

219.  But  further,  there  are  many  examples  in  which  the  presence  of  a  certain 
sabstaoce  in  the  Blood,  appears  to  determine  the  formation  of  the  ptirticular 
tissue,  of  which  that  substance  is  the  appropriate  pabulum  (§  340).  And  thus, 
as  the  abstraction  of  the  material  required  for  each  part  leaves  the  blood  in  a 
grate  fitted  for  the  nutritinn  of  other  parts,  it  seema  to  fallow,  as  Mr.  Paget  haa 
further  remarked  (loc.  cit.).  thut  such  a  mutual  dependence  exists  amongst  the 
Beveral  parts  and  organs  of  the  body,  as  causes  the  evolution  of  one  to  supply 
the  conditions  requisite  for  the  production  of  another;  and  hence,  that  the  order 
in  which  the  several  organs  of  the  body  appear  in  the  course  of  development, 
while  it  is  conformable  to  the  law  of  imitation  of  the  parent,  and  to  the  law  of 

*  "  Leetorea  on  Surgical  Pathology,"  Leot.  u. 


228 


OF  THE  blood;  ITS  VITAL  PB0PBRTIB6, 


progressive  ipcent  towards  the  higher  grade  ofheing,  is  yet  the  immediate  result 
of  changes  effected  in  the  condition  of  the  blood  by  the  antecedent  operatioiu. 
And  this  view  is  confirmed  by  many  circumstances,  which  indicate  that  certain 
organs  really  do  stand  in  such  a  romplemental  relation  to  one  another  a»  it  im* 
plies  ;  a  large  class  of  facts  of  this  order  being  supplied  by  the  history  of  the 
evolution  of  the  generative  apparatus,  and  by  that  of  the  concurrent  changes  io 
other  organs  (especially  the  tegumentary)  which  are  found  to  be  dependtint  upon 
it,  although  there  is  do  direct  functional  relattoa  between  thena.  Thus,  tb« 
growth  of  the  beard  in  man  at  the  period  of  puberty,  is  but  a  type  of  a  rnncfc 
more  important  change  which  takes  place  in  many  animals  with  every  recurrence 
of  the  period  of  generative  activity.  This  is  most  obvious  in  birds,  whose 
plumage,  at  the  commencement  of  the  breeding  season,  becomes  (especially  in 
the  male)  more  highly  coloured,  besides  being  augmented  by  the  pjowth  of  new 
feathers  J  but  when  the  sexual  organs  pass  into  their  state  of  periodic  atrophy, 
the  plumage  at  once  begins  to  assume  a  paler  and  more  sombre  hue,  and  mafl 
of  the  feathers  are  usually  cast,  their  nutrition  being  no  longer  kcpt-up.  It  ifj 
matter  of  common  observation,  that  the  deficiency  of  hair  on  the  face  (whi 
this  is  not,  as  among  the  Asiatics,  a  character  of  race)  is  usually  concurrent 
a  low  amount  of  genenitive  power  in  the  male,  and  may  be  considere<l  as  tnd 
cative  of  itj  whilst,  on  the  other  hand,  the  presence  of  hair  on  the  upper  lip 
chin  of  the  female  is  indicative  of  a  tendency  in  the  geucnil  organizatioo 
mental  character  towards  the  attributes  of  the  male,  and  of  a  deficiency  in  tho 
which  are  typical  of  the  female.  If,  moreover,  the  development  of  the  mi 
organs  be  prevented,  tho  evolution  of  the  beard  does  not  take  place ;  whilst 
oeBsaUon  or  the  absence  of  activity  in  the  female  organs  is  often  attended  b/a 
strong  growth  of  hair  on  the  face,  as  well  as  by  other  changes  that  may  be  at- 
tributed to  the  presence  of  somo  special  nutritive  material  in  the  blood,  for  which 
there  is  no  longer  any  other  demand.  This,  again,  shows  itself  yet  more  strongly 
in  Birds;  among  which  (as  ITunter  long  since  pointed-out')  it  is  no  uncomnioa 
occurrence  for  the  female,  after  ceasing  to  lay,  to  assume  the  plumage  of  tbtt 
male,  and  even  to  acquire  other  charaeterid^tic  parts,  as  the  spurs  in  the  fowl  tribe. 
Moreover,  it  has  been  ascertained  by  the  experiments  of  Sir  Philip  Egerton,  tbtt 
if  a  buck  be  castrated  while  his  antlers  are  growing  and  are  still  covered  with 
the  *  velvet,'  their  growth  is  checked,  they  remain  as  if  truncated,  and  irregular 
nodules  of  bone  project  from  their  surfaces;  whilst,  if  the  castration  be  performed 
when  the  antlers  are  fnll-grown,  these  are  shed  nearly  as  usual  at  the  end  of  the 
seasonj,  but  in  the  next  season  are  only  replueed  by  a  kind  of  low  conical 
stumps. 

220.  That  these  and  similar  changes  in  the  development  of  oi^na  are  im- 
mediately determined  by  the  condition  of  the  circulating  fluid,  that  is,  by  the 
presence  or  absence  of  the  appropriate  *  pabulum'  for  the  parts  in  question, 
would  further  seem  likely  from  the  fact,  that  they  may  be  artificially  induced  by 
circumstances  which  directly  affect  the  condition  of  the  blood.  This  has  beea 
shown  by  Mr.  Yarrell,*  la  regard  to  the  assumption  of  the  male  plumage  by  the 
female ;  and  a  still  more  remarkable  and  f^tisfaetory  proof  is  ^rnished  by  the 
conversion  of  the  '  worker'  Irirva  of  the  Bee  into  a  perfect  *  queen,'  solely  through 
a  change  of  diet.'  And  thus  we  are  led  to  feel  that  Mr,  Paget's  doctrine  of 
'  complementary  nutrition,'  whilst  it  has  the  advantage  of  grouping-together  ■ 
great  number  of  phenomena  which  would  otherwise  seem  to  be  unrelated  to  each 
other,  really  possesses  a  definite  foundation  in  well-known  and  universally-ad- 
mitted facts,  which  can  scareely  be  viewed  in  any  other  light.  To  use  his  own 
expresfiion  of  it,  "  the  development  of  each  organ  or  system,  co-operating  with 

*  'AeobUQt  of  an  Extrnordiimr;  Pheasant,'  in  "Huater'a  Works,"  Paltacr'a  edit.,  v«L 
b.  p.  44. 

•  "  PhiloBophical  TranB*clioo«,"  1827.         '  "  Prino.  of  Comii.  Phje.,"  {  119,  Am.  Ed 
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B«If-developmeQt  of  the  blood,  prepares  it  for  the  formation  of  some  other 
ID  or  system;  till,  bj  the  Bucces^iTC  changes  thus  produced,  and  by  its  own 
l«volopmeat  and  increase,  the  blood  is  fitted  for  the  maiatenancc  and  nutrition 
I  of  the  completed  organism."  (Op.  cit.,  p.  29.)  And  fnrther,  **  where  two  or 
[laore  organs  are  thas  manifestly  connected  in  nutrition,  and  not  connected  in  the 
exercise  of  any  external  office,  their  conneotion  is  because  one  is  partly  formed 
of  materials  left  in  the  bloo<l  on  the  formation  of  the  other;  so  that  each,  at  the 
tatne  time  that  it  dif^cbarges  its  own  proper  and  external  office,  maintains  the 
bluod  in  the  condition  most  favourable  to  the  formation  of  the  other.     (Op.  cit., 

221.  Thus,  then,  the  precise  condition  of  the  Blood  at  any  one  time,  is 
dependent  upon  a  vast  variety  of  antecedent  circumstances,  and  can  scarcely  be 
tlie  same  at  any  two  periods  of  life.  Yet  we  find  that,  taken  as  a  whole,  it 
exhibits  such  a  remarkable  constancy  in  its  leading:  features,  that  we  can  scarcely 
fkil  to  recognise  in  it  some  such  capacity  for  self-development  and  maintenance, 
as  that  whicb  the  dolid  tissues  are  admitted  to  poi!ii<c8«.  And  this  idea  may  be 
thought  less  strange,  when  it  is  borne  in  mind  that  the  first  blood  is  formed  by 
the  liquefaction  of  the  primordial  cells  of  the  embryo ;  and  that,  notwithstanding 
Ike  continual  change  in  its  components,  it  still  retains  its  identity  through  life,  in 
no  1«88  a  degree  than  a  limb  or  an  eye,  the  material  changes  in  which,  though 
leM  rapid,  are  not  leas  complete.  Looking,  again,  to  the  undoubted  vitality  of 
the  Corpuscles,  and  to  the  strong  ground  for  regjirding  the  Fibrin  also  as  an  in- 
strument of  vital  force,  we  cannot  but  perceive  that  the  Life  of  the  Blood  is  as 
legitimate  a  phrase,  and  ought  to  carry  as  much  meaning  in  it,  as  the  Life  of 
•  Muscle.  And  as  the  one  has  a  period  of  growth,  development,  and  decline,  so 
must  the  other. — This  view  is  bome-out,  not  merely  by  those  palpable  differences 
in  the  composition  of  the  blood  at  different  ages,  which  are  detectable  by  our 
rude  methods  of  oxaraination )  but  also  by  those  alterations  in  the  tendency  to 
particular  constitutional  diseases,  which  at  the  same  time  mark  the  advance  of 
life,  and  indicate  minute  and  otherwise  inappreciable  alterations  in  the  circulating 
Butd.  For  it  is  obvious  that  since  the  poison  of  smallpox,  for  exaniplo,  leas 
readily  pnxluces  its  characteristic  '  symosis'  in  the  blood  of  the  adult  than  it  does 
in  that  of  the  child,  tho  latter  must  differ  from  the  former,  cither  in  composition 
or  in  rital  endowments;  and  that  since  the  tendency  to  'fatty  degeneration' 
of  the  tissues  generally,  shows  itself  in  a  far  stronger  degree  in  the  aged  person 
than  in  the  adult,  this  is  likely  to  be  in  part  owing  to  the  condition  of  tho  blood, 
IB  which,  according  to  the  observations  of  Becquerel  and  Rodier,  there  is  a  decided 
aod  progressive  increasa  of  choilesterin  after  the  age  of  40  or  50  years. 

222.  Thus,  then,  we  seem  justified  in  the  belief  that  the  hloodj  like  the  solid 
tiasoes,  has  a  formative  power  of  its  own,  which  it  exertg  in  the  appropriation  of 
the  new  material  supplied  to  it  from  the  food ;  and  that  like  all  the  other  parts 
descended  from  the  component  cells  of  the  germinal  muss,  it  goes  through  a  sue- 
eeisioD  of  phases,  whicb  are  partly  the  cause,  and  partly  the  effect,  of  develop- 
mental  changes  in  the  organism  generally.  So  long  as  the  operations  of  Nutrition 
are  normally  carried  on,  the  materials  that  are  withdrawn  by  the  several  parts  of 
the  bndy  may  be  considered  so  far  to  balance  one  another,  that  no  tca»te  is 
incurred  from  this  source ;  and  if  tho  amount  of  new  matter  introduced  be 
merely  the  equivalent  of  that  which  is  required  for  the  nutritive  operations, 
aoUiing  else  will  occasion  a  demand  fur  elimination,  Bave  tho  products  of  the  dis- 
intc^-aiion  of  the  tissues,  which  are  received  back  into  the  blood  for  this  pur- 
pose. But  it  must  be  very  rarely  tbat  this  balance  is  precisely  maintained  for 
Bay  length  of  time,  since  a  multitude  of  eircumslances  are  couiinuaHy  occurring 
to  derange  it;  the  most  frequent,  perhaps,  being  tlie  ingestion  of  certain 
Batritive  materials  in  greater  quantity  than  they  are  required.  And  we  then  find 
that  the  excretory  organs  take  upon  themselves  a  supplemental  action  fur  the 
removal  of  the  superfluity;  tho  kidneys  being  especially  charged  with  this  duty 
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in  the  case  of  azotiEed  and  ealine  matterfl,  and  the  Uver  and  lungs  in  regard  to 
hydrocarbonaceous  aubatanoea.  It  is  obviously  of  importance,  however,  to  over- 
task these  organs  as  little  as  possible;  and  when  such  superfluity  is  beeonting  t 
source  of  disease,  the  obvious  treatment  is  rather  to  prevent  it  from  beinjj  thrown 
upon  ihcra  for  separation,  by  diminishing  the  supply  of  aliuieot  penerally.  or  of 
Rome  particular  article  of  diet,  than  to  excite  them  to  increased  activity  by  stimu- 
lating medicines. 

223.  The  self-maintaining  power  of  the  Blood  is  yet  more  shown  in  the 
phenomena  of  Disease ;  and  especially  in  its  spontaneous  recovery  of  its  normnl 
condition,  after  the  most  serious  perversions ;  aa  we  see  more  particnlarly  in 
febrile  diseases  of  definite  type  (such,  for  example,  as  the  Kxanthemata,  Typhoid, 
Typhus,  &c.),  of  whose  origin  in  the  introductirtn  of  specific  poisons  into  tb« 
blood  there  is  no  reasonable  ground  for  doubt.  In  studying  the  mode  in  which 
these  and  other  '  morbid  poisons'  act  upon  the  blood,  and  through  it  upon  the 
syst-eiu  at  large,  we  may  derive  iniportjiut  assistance  from  a  previous  inquiry  into 
the  history  of  the  action  of  those  poisonous  agents,  which  from  their  being  mora 
readily  tniccablc  by  chemical  analysis,  can  be  more  satisfactorily  made-out.  Such 
an  inquiry  has  a  most  important  bearing,  also,  on  the  vmdut  rrp^randi  of  medi- 
cines.— The  operation  of  medicinal  or  poisonous  substances  for  the  most  pan 
dejieuds  upon  the  power  which  they  possess,  when  introduced  into  the  current  of 
the  circulation,  of  effecting  some  determined  change  in  the  rkemical  and  thereby 
in  the  i>?7«/ condition,  either  of  the  compoopnts  of  the  blood,  or  of  some  one  or 
more  of  the  tissues  which  it  nourishes;  and  their  determination  to  some  special 
part  or  organ  must  be  attributed  to  the  same  kind  of  elective  aflSnity,  as  that  by 
which  the  normal  confldtuenta  of  the  blood  are  so  determined  (§217).  Now  of 
nearly  all  these  substances  it  may  be  said,  that  the  system,  if  left  to  its«>lf,  tends 
to  free  itself  from  them,  provided  timt^  be  allowed  for  it  to  do  so ;  and  that,  when 
death  results  from  their  introduction  into  it,  the  fatal  re.sult  is  to  be  attributed  lo 
the  fact,  that  the  disorgauization  of  structure  and  disturbance  of  function  are  too 
rapid  and  violent  to  allow  the  eliminating  process  to  be  set  in  efficient  operation. 
Wbea  smaller  doses  are  taken,  their  effects  are  evanescent,  unless  the  abnormal 
action  to  which  they  may  have  given  rise  is  of  a  kind  to  perpetuate  itself;'  and 
their  cessation  is  obviously  aitributable  to  the  removal  of  the  agent  from  the 
system,  whereby  the  continuance  of  its  deleterious  agency  is  prevented.  Of  this 
removal,  we  have  of  course  the  most  satisfactory  evidence  in  the  case  of  those 
fiub8tan.ces,  vfhich  can  be  dett'oted  by  ordinary  chemical  tests  in  the  excretions. 
Thujt,  as  a  general  rule,  alkaline  and  earthy  salts  that  have  been  absorbed  into 
the  blood,  are  discharged  in  the  urinary  secretion,  which  is  itself  increJiNed  in 
amount,  showing  that  their  action  is  specially  determined  towards  the  kidneys. 
So,  again,  arsenic,  tartarized  antimony,  and  a  variety  of  other  raet'tllie  substances, 
have  also  been  detected  in  the  urine,  for  some  days  after  they  have  been  ingested; 
showing  that  their  elimination  is  the  work  of  time.  On  the  other  hand,  the  salts 
of  copper  appear  rather  to  be  removed  from  the  blood  by  the  liver,  and  also  by 
the  bronchial  secretion.  And  lead,  which  passes-off  but  Jiltlo  by  the  ordinary 
excr(Jt,ions,  is  withdrawn  from  the  circulation  by  various  tissues  and  organs,  hut 
particularly  by  certain  parts  of  the  muscular  apparatus,  with  the  substaiDce  of 
which  it  becomes  incorporated,  producing  a  most  injurious  ioHuence  upon  its  vital 
endowments,*  The  only  exception  to  the  general  rule  above  stated,  seems  to  be 
in  tlie  cnsc  of  those  medicines,  which  have  what  ia  called  a  '  cumulative'  tendency; 
this  tendency  being,  in  fact,  simply  the  result  of  their  want  of  stimulating  in6u- 

'  Such  ft  perpetuation  ia  seen  in  the  chronic  inftammntion,  thickoniDg,  nnti  contraction, 
of  the  {Esopbngeal  iralls,  consequent  upon  the  deglutition  of  atrouf;  acirtj*  kud  oftutttio 
alkalies. 

*  T(u»  bfts  be«n  shown  bj  th«  analyses  of  M.  Devergia  (see  the  "  Traits  dee  Mftladies 
de  Flomb,"  of  M.  Tanqwerel,  turn.  ii.  pp.  401 — 6),  and  of  Prof.  Miller  (see  Dr.  W. 
Budd's  essay  on  '  The  Symmetry  of  Disease,'  in  the  "  Medico-Clururgical  TraDsactiom^'* 

vol.   XX7.J. 
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f?nce  upon  the  excretory  organs,  whose  functional  activity  is  rather  impeded  thao 
promoted  by  them.  This  is  pre-emitieiitly  the  case  in  regard  to  lead,  ■whieh  ia 
probably  the  most  cumulative  poison  with  which  we  are  acquainted  j  its  continual 
introduction  in  doses  of  even  extreme  niinuieness,  being  capable,  if  sufficiently 
prolonged,  of  can^g  the  moRt  pcrious  disturbance  in  nlmost  everr  function  in 
the  eooDomy.  Even  here,  it  is  rather  in  the  lisHies,  than  in  the  bluod,  that  it 
accumuiateB, — as  ia  indicated  by  a  variety  of  facia,  but  uiore  eppetially  by  the 
difficulty  with  which  it  is  eliminated  from  the  8yj.tera,  by  means  that  would  be 
prribably  effectual  in  removing  it  from  the  circulating  current; — and  thus  we  eee 
that,  in  default  of  other  provision  for  maintaining  the  purity  of  the  blood,  the 
whole  body  (so  to  speak)  acta  as  an  excretory'  apparatuB,  and  draws  into  itself  the 
noxious  substance. 

yJ4.  Tboro  is  a  large  number  of  capes,  moreover,  in  which,  although  the 
>nou8  or  medicinal  substances  cannot  be  traced  in  the  excreiions  by  cbcmii-al 
,  their  effects,  when  moderate  doses  have  been  taken,  pass-off  so  completely, 
there  cau  be  no  doubt  of  their  not  being  any  longer  present,  as  such,  in  the 
system ;  and  the  substances  of  this  class  are  of  a  nature  and  composition  which 
render  them  peculiarly  susceptible  of  change,  when  subjeoted  to  the  influences 
which  they  must  encounter  in  the  living  body,  and  more  especially  when  exposed 

»in  a  state  of  very  fine  division  to  the  agency  of  oxygen.  A  familiar  exemplifi- 
cation of  this  mode  of  elimination  of  poisons,  in  furnished  by  the  transient  dura- 
tion of  the  effects  of  a  dose  of  Alcoht*!,  even  when  this  ia  large  eiiougb  to  pro- 
duce sensibility;  recovery  from  them  being  merely  a  question  of  time,  provided 
that  the  state  of  torpor,  produced  by  the  action  of  this  poison  on  the  centre  of 
the  respiratory  movements,  be  not  so  profound  as  to  occasion  A<<phyxia,  or  that 
death  do  not  result  (as  sometimes  bapftens  when  the  poison  is  taken  in  a  state  of 
eoRCOQlration)  from  the  immediate  iJioik  to  the  nervous  system.     Now  the  quan- 

Itity  of  alcohol  which  passes-off  by  the  ordinary  excretiotis  is  extremely  slight ;  in 
fact,  this  substance  can  seldom  be  detected  in  them.  But  there  can  be  no  reason- 
able doubt  that  the  elimination  of  the  alcohol  is  due  to  its  oxidation  whilst  pass- 
ing through  the  circulating  system,  so  that  it  is  excreted  by  the  lungs  in  the  form 
of  carbonic  acid  and  water;  and  if  conSrniwtion  of  this  view  were  needed,  it  is 
afforded  by  the  tdrrance  of  large  doses  of  alcohol,  which  is  shown  when  it  ia 
subjected  with  peculiar  rapidity  to  the  combustive  operation,  as  during  contiQued 
exposure  to  severe  cold  or  prolonged  muscular  exertion,  or  in  the  exhaustion  of 
wasting  diseases  when  no  otlier  conihustive  material  remains  in  the  body.  The 
nme  explanation  is  obviously  applicable  to  the  parallel  phenomena  whieh  present 
themselves  in  the  action  of  Opium,  Strychnia,  Prussic  acid,  &c.  With  all  these, 
also,  the  question  of  life  or  death  is  one  of  time;  for  if  the  fatal  result  do  not 
speedily  follow  the  absorption  of  the  poison  into  the  blood,  the  patient  gradually 
recovers  from  its  effects;  and  the  most  effectual  treatment  consists  in  the  arti- 
ficial maintenance  of  the  respiratory  movements,  which  the  influence  of  these 
poisons  upon  the  nervous  centres  might  otherwise  suspend.  These  poisons 
cannot  be  detected  in  the  circulating  fluid  by  their  sensible  or  chemical  charao- 
ters,  if  a  short  interval  has  elapsed  subsequently  to  their  absorption;  thus  it  has 
been  found  by  l>r.  Ix)nsdale  that  the  odour  of  prussic  acid  cannot  be  perceived 
in  the  blood  or  in  the  cavities,  when  life  had  been  prolonged  beyond  15  minute*, 
although,  when  death  took  place  within  a  shorter  lime,  the  poison  might  be 
detected  in  the  body  by  its  odour  alone  for  eight  or  nine  diiys  afterwards ;  and 
the  presence  of  morphia  ceases  to  be  rect>gnizable  by  the  ordinary  ohemicul  tests, 
within  a  short  time  after  it  ha.1  been  taken  into  the  circulating  current.  — Even 
with  regard  to  certain  poisons  of  this  unstable  class,  however,  there  is  evidence 
that  they  pass  into  the  urine  and  arc  thus  uliiiiiiiated,  without  undergoing  any 
change  that  impairs  their  physiological  action  ;  this  evidence  being  afforded  io 
the  effects  of  the  re-ingestion  of  the  urine,  either  by  the  individuals  themselves, 
or  by  others.     A  very  curious  example  of  this  kind  b  afforded  by  the  iotoxi- 
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cnting  fungus,  Amanita  miucaria,  which  is  used  hy  some  of  the  inhabiiantfl  of 
the  nurLh-eastern  parts  of  Afiri,  in  the  same  manner  as  akoholic  Ilqnors  by  otJier 
nations,  lis  effects,  like  those  of  other  excitants,  have  a  limited  duration;  for 
a  man  who  ie  ititoxicated  by  it  one  day,  'sleeps  himself  sober'  by  the  next.  Ei» 
rl•^tomtion  is  due,  however,  not  to  bis  repose,  but  to  the  elituiiAtion  of  the  poison 
which  takes  place  during  the  intervul  ;  fur  if  he  drink  a  cup  of  bis  urine  the 
next  morning,  he  is  yet  more  powerfully  intoxicated  than  he  was  the  preceding 
day ;  and  this  fluid  hus  the  same  effect  upon  any  other  individual,  into  wbon 
urine  the  active  principle  then  po8»e»;  so  that,  according  to  the  testimony  of 
travellers,  the  intoxicutit>f!^  agent  may  be  trangEiitted  in  this  manner  through  fire 
or  six  persons,  a  small  stock  at  the  commencement  thus  serving  to  maintain  a 
week's  deb:tuch.  Itesulta  of  the  same  order  have  been  obtained  by  Dr.  Lethebj, 
in  regard  to  opium,  bclbidonna,  hemlock,  aconite,  &.c.  ;  the  passage  of  these  sub- 
stances into  the  urine  being  proved  by  the  induction  of  their  charaeteristifl  . 
effects,  when  that  fluid  waa  administered  to  other  animuls.  It  is  probable  lIuflH 
the  appearance  of  these  subst^ncGS  in  the  urine,  is  due  to  tlieir  presence  in  til^H^ 
blood  in  such  rjniantity,  that  the  oxidizing  process  does  not  promote  their  elimiot-  " 
lion  through  the  lungs  with  sufficient  rapidity. 

225.  Between  the  eubstanee.'i  which  admittedly  rank  as  pounns,  and  tboK 
which  arc  reckoned  as  maten'cs  morl>onim,  no  definite  lino  of  demarcation  ct«_ 
be  drawn ;  and  the  train  of  symptoms  produced  by  the  operation  of  the  forui< 
i.t  really  as  much  a  tfixease  as  that  which  results  froin  the  presence  of  the  latt 
The  connection  is,  in  fact,  established,  by  those  'animal  poisons'  which  are  the 
result  of  decomposition  cither  within  or  without  the  body;  such  as  that  of  the 
'  pustule  maligne,'  or  of  the  flosb  of  aniumla  suffering  untler  disease,  on  the  one 
hand,  or  the  'cheese-poison,'  'sausage-poison,'  &c.,  on  the  other,' — It  maybe 
admitted  that  our  belief  in  a  specific  material  cause  for  a  great  part  of  the  effects 
set-down  to  the  action  of  *  morbid  poifions,'  is  merely  inferential;  and  there  are 
many  persona  to  whom  their  exhibition  in  a  tangible  form  seems  to  afford  the 
ttuly  convincing  evidence  of  their  existence.  But  it  must  be  remembered  that 
the  evidence  of  Chetuistry  itself  is  often  purely  inferential;  for  we  reoognise 
the  preiscnce  of  a  chemical  substance,  not  tuerely  by  obtaining  it  in  a  separate 
form,  but  by  witnessing  the  reactions  which  it  displays  with  various  teste;  and 
there  is  one  substance,  fluorine,  which  bus  never  hitherto  been  isolated,  and  y^^l 
of  whose  existence  no  chemist  would  hint  a  doubt,  ^low  it  is  the  human  bodj|^| 
which  forms  the  appropriate  testing-apparatus  of  'morbid  poisons;'  and  even  if 
we  could  always  obtain  them  in  a  f^epurate  state,  and  could  subject  them  to  chemi- 
oal  analysis,  we  should  know  much  less  of  their  most  impnrtuut  properties,  than 
that  which  wc  can  ascertain  by  observation  of  their  actions  in  the  living  system; 
this  alone  afforiling  the  means  of  judging  of  their  dyntimicai  character,  which  in 
of  far  more  importance  than  a  knowledge  of  their  chemical  composition.  In  the 
case  of  thofie  poisons  which  are  captibie  of  being  introduced  by  inoculation,  we 
have,  iudeed,  the  required  proof  of  their  material  exieleoce ;  and  this  proof  is 
capable  of  being  extended  by  a  safe  analogy  to  infectious  diseases  generally. 
For,  if  small-pox  can  be  communicated  by  the  inhalation  of  an  atmosphere 
tainted  with  the  exhalations  of  a  person  already  affected  with  it,  as  well  as  by  the 
introduction  of  the  fluid  of  the  cutaneous  pu.stule  into  the  blood  of  another,  it 
can  scarcely  admit  of  a  question,  that  the  same  poisonous  agent  is  transmitted  in 
both  cases,  although  through  different  media,  and  that  it  has  as  real  an  existence 
iu  the  transferred  air,  as  in  the  transferred  pus.  Diseases,  then,  which  are 
capable  of  being  transimitied  in  both  these  methods,  form  the  connecting  link 
between  those  rcBulliug  from  nrdinary  toxic  agcnti?,  and  those  which  mast  be 
assumed  to  dipend  upon  a  subtle  poisftn,  of  which  the  air  alone  is  the  vehicle, — 
such,  for  example,  as  malarious  fevers ;  (his  assumption  being  required  by  all 
the  rules  of  logic,  as  the  only  one  which  will  account  for  the  phenomena  to  be 
oxpluined}  and  therefore  possessing  a  claim  to  be  accepted  aa  an  almost  certain 
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tmth.  There  is  a  stron«rly  marked  difTerenee,  however,  between  the  moffvn 
operandi  of  the  toxic  agents  whose  Bctioo  has  been  previously  examined,  and 
that  of  the  morbid  poisons  wc  are  now  considering;  for  whilst  the  former  pospcps 
a  certain  definite  action,  the  intensity  of  which  (ratmi  paribus)  is  proportionate 
U\  the  quantity  that  is  in  operation,  and  wiiich  is  usually  determined,  in  virtue 
of  the  *  elective  affinity'  already  ppoken-of,  to  pome  particular  organ  or  tisvue, — 
the  latter  act  primarily  upon  the  bli>od,  influpnt-ing  the  ejstcm  at  large  through 
the  chnnjres  which  they  produce  in  its  constitution  ;  and  their  potency  depends 
rather  upon  the  susceptibility  of  the  blood  to  their  peculiar  iuflueoce,  than  upon 
the  quantity  of  the  poifon  that  may  V>e  introduced  into  it. 

226.  Of  the  existence  of  euch  suficcptibilily,  ns  a  'predisposing  CRUse'  of 
Zymotic '  disease,  there  cannot  be  the  slighest  doubt.  Tn  the  cn&e  of  the  Kian- 
themnta  and  Hooping-cough,Ve  see  that  it  is  coivgouital,  and  in  umally  removed 
by  the  occurrence  of  one  attack  of  the  disea^  (although  this  is  not  n  uniform 
proieetion)  ;  but  the  liability  even  to  these  varies  greatly  in  different  individuals, 
and  at  differvnt  times  in  the  game  individatd.  And  with  regard  to  other  zrmotio 
diacarca,  the  liability  to  which  is  not  tbu.s  limited,  all  extended  observation  con- 
curs ID  showing  that  it  is  augmented  by  anything  which  tendfi  to  depress  the 
vital  powers  of  the  system,  and  more  particularly  by  any  cause  which  obstructs 
the  due  purification  of  the  blood,  by  the  eliminntinn  of  the  products  of  decom- 
position. Thus,  it  will  be  shown  hereafter  (§§  330,  331),  that  no  antecedent 
condition  has  been  found  more  eflioaeioue  in  augmenting  the  fatality  of  Cholera, 
than  otercroicdinff  ;  which  compels  those  who  are  subjected  to  it,  to  be  constantly 
breathing  an  atmosphere  not  only  charged  wiih  carbonic  acid,  but  laden  with 
putrescent  emanations;  and  which  thus  favors  the  accumulation  of  decomposing 
matter  in  the  bltK)d,  which  serves  us  the  most  afiproprinte  soil  for  the  seeds  of  the 
disease.  And  what  is  true  of  Cholera  has  boon  found  to  be  true  of  Zymotic 
diaeaaea  in  general ;  the  very  same  fcrmentabte  matter  in  the  blood  serving  for 
the  development  of  almost  any  kind  of  zymotic  poison  that  may  be  received  into 
the  wjwteta,  whether  from  the  atmosfihere,  or  frona  the  bodies  of  those  who  have 
already  been  subjects  of  the  disease.  —  Now  that  what  has  b^en  here  spoken  of 
as  *  fermentable  matter,'  is  not  a  mere  hypothetical  entity,  but  has  n  real  material 
existence^  appears  from  this  consideration;  that  in  all  those  conditions  of  the 
syaleiD  in  which  we  know  that  decomposition  is  going-on  to  an  unusual  extent, 
and  in  which  there  is  a  marked  tendency  to  putrescence  in  the  excreted  matters, 
we  witness  such  a  peculiar  liability  to  zymotic  diseases,  as  clearly  indicates  that 
the  state  of  the  blood  is  peculiarly  favourable  to  the  action  of  the  zymotic  poison. 
This  is  pre-eminently  the  case  in  the  puerperal  state,  in  which  the  tissue  of  the 
utems  is  undergoing  rapid  disinifegration,  its  vital  force  having  been  expended 
(§  349) ;  for  there  is  now  abundant  evidence,  that  the  contact  of  deeompos^ing 
nmttcra  which  would  be  innocuous  at  other  times,  is  capable  of  so  acting  upon 
the  blood  of  the  parturient  femsile,  as  to  induce  that  most  fatal  zi/ntosi*  which  is 
known  as  •  puerperal  fever.' '  And  her  peculiar  liability  is  in  no  respect  more 
manifest  than  in  this ;  that  the  poison  by  which  she  ia  affected  may  have  lain 
dormant  for  weeks  or  months,  for  want  of  an  appropriate  nidus,  and  will  yet  ex- 
hibit ita  fiill  potency  on  the  very  first  coee  in  which  opportunity  may  be  given 

'  The  term  rymoUc  Sb  a  very  coDvenient  designation,  ■wliicb,  originBlly  soggested  bj 
D.  W.  V%rt,  has  of  lote  gained  general  curreticj,  for  that  cIhsb  of  diiea«ei  wlioge  pbeuo- 
rnena  may  b«  attributed  to  the  operation  of  n  morbid  poit^on  of  the  nature  described  ttbove; 
Ibis  operation  benring  a  strong  annlngy  to  thot  of  'fennonts.' 

'  For  a  most  marked  and  convincing  exmmple  of  this  kind,  see  Dr.  Rontb's  pnper  on 
♦The  0»ni(e»  of  the  Endemic  I'lierpcml  Fever  of  Vienna,'  3n  the  "Medico-Chirurgicjil 
Tmnsactiona,"  toI,  ixxii.  p.  27. — Tluit  the  poison  which  developea  puerperal  feter.  may 
he  oonTeyed  from  patienta  labouring  under  almost  any  other  form  of  Zymotic  JisenHe 
tending  to  patreeoence,  that  is  pro{i/>gab1e  by  contoct, — such  as  8carlatitia,  snuBll-pvx,  or 
cryiipelu, — is  now  the  general  opinion  of  mttst  pathologists  wbo  bave  paid  special  atten- 
tion to  the  subject. 
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for  its  introduction  into  the  system  of  &  paerpeml  patient.'  The  game  kind  of 
liability  is  displayed  in  the  subjcctft  of  severe  injuries,  amon?  whom,  also,  then 
is  not  only  a  state  of  geneml  depression  of  the  vital  powers,  but  also  a  special 
source  of  decompnsirifr  matter  in  the  RvsU'm  ;  for  there  ia  evidence  that  'surgictl 
fever'  may  bo  induced  in  them,  by  the  introduction  of  a  zymotic  poison  derived 
from  a  variety  of  external  sources  (amongst  otlrcre,  from  patients  affected  with 
puerperal  fever),  such  as  would  have  no  effect  upon  a  healthy  subject ;  and.  more- 
over, that  overcrowding  in  liospilaJs  has  a  ppeoisil  tendency  to  iDcrease  this  li*- 
bilitv.*  So,  again,  an  excess  of  muscular  exertion,  producing  an  unusuaJ  •waste* 
of  tissne,  especiully  when  the  eliruinntion  of  the  products  of  this  waste  is  inteiw 
fered-with  by  imperfect  respiration,  is  well  known  to  engender  a  peculiar  liability 
to  zymotic  disease;  and  this,  too,  finds  its  explanation  in  the  same  priocipU-.'  — 
Thus,  then,  we  may  affirm  with  strong  contidnnce'  that  the  special  liability  to 
Zymotic  dJsoascSf  which  determines  their  afleefi<m  of  individuals  when  epidemi- 
cally  prevident,  depends  upon  the  previous  condition  of  the  blood  of  the  subjecU 
who  are  thus  'predisposed'  to  their  invasion;  and  more  especially  on  the  pre- 
sence of  fermentable  matters,  resiiltinsr  from  the  ordinary  process  of  disintegn- 
tion,  which,  iu  the  state  of  perfect  health,  are  eliminated  as  fast  as  they  ire 
formed,  hut  of  which  an  accumulation  is  prone  tu  take  place,  either  when  there 
are  special  sourcca  of  an  augmented  production,  or  when  the  excretory  operations 
are  imperfectly  performed.*  And  it  wouJd  further  appear,  that  the  contiDttsd 
accumulation  of  such  mutters  may  itself  become  a  source  of  certain  forms  of 
Zymotic  disease,  which  may  thus  originate  df  novo  in  the  system,  and  which 
may  thence  be  propagated  to  other  individuals  in  some  of  the  modes  already 
specified;  of  this  we  have  notable  examples  in  hydrophobia,  erysipelas,  and  the 
'pustule  maligne.' 

227.  It  is  not  only,  however,  in  the  class  of  Zymotic  diseases,  that  we  seem 
distinctly  able  to  trace  the  operation  of  inorbid  poisons  circulating  in  the  blood; 
for  there  are  numerous  other  tualiidies,  of  whose  origin  in  a  like  eoiiditiun  there 
ean  be  no  reasonable  doubt;  and  these  are  in  some  respects  more  closely  ana- 
logous than  the  preceding,  to  the  disordered  states  induced  by  the  intrcxluctioa 
of  toxic  agents.  For  in  those  of  which  wo  have  now  to  speak,  the  action  ii 
destitute  of  any  analogy  to  fermentation,  and  iis  potency  is  etrictty  proportionate, 
in  cafh  cajse,  to  the  amount  of  the  dose  that  is  in  operation.  Here,  too,  we  have 
a  connecting  link  afforded  by  those  diaordered  states  of  the  system,  which  depend 
upon  an  undue  accumujattou  of  poisons  normally  generated  within  it,  in  conse- 
quence of  some  obstacle  to  their  elimination.  Thus,  the  train  of  symptotns 
which  is  consequent  upon  the  retention  of  urea  in  the  blood,  so  much  resembles 
that  occasioned  by  the  ingestion  of  opium,  as  to  have  actually  been  mistaken  for 
it;  and  is  as  true  an  instaDco  of  'poisoning,'  as  if  urea  h»d  been  injected  into 
the  blood-vessels.  Sfl,  in  the  asphyxia  which  is  produced  by  any  obstruction  to 
the  extrication  of  carbonic  acid  through  the  lungs,  the  subject  of  it  is  as  much 
'poisoned/  as  if  he  had  inhaled  carbonic  acid  from  without.     Again,  the  reien- 

'  This  is  shovii  hy  the  instnnoes,  unhappilj-  of  no  iinfrequent  occurrence,  in  which  the 
practttionera  who  have  unfortunnteljr  become  the  vehicles  of  tLe  jiuerperal  poition,  and 
have  coQvoyad  it  to  several  patienta  in  succe^aion,  huve  experienced  the  same  direful  re- 
sults iiumeiiifttelj  on  resuiniug  obstetric  attendance,  after  a  lengthened  iatenral  of  auipen* 
^oa  from  it,  and  even  from  professioDal  employment  of  erety  kind. 

*  Sefl  Prof,  Simpsoo  *  Oa  the  Analogy  between  Puerperal  and  Surgical  Paver,'  in  the 
"Edinb.  Moutlilj  Juurn."  vol.  li.  p.  414;  and  vol.  ziii.  p.  72. 

'  It  is  well  kuowD  to  Indian  Medical  Ot&cera,  that  the  liability  to  Fever,  Dysentery, 
Cholera,  &c.  is  very  much  increased  iiurinf/,  ntid  fur  sotno  time  after,  a  Bevere  march.  For 
S  very  atrtking  einmple  of  the  inttueiice  of  tbia  condition,  concurrently  with  overcrowding, 
In  producing  a  terrible  augmentation  in  the  fatality  of  Cholera,  see  ''  Brit,  and  For.  Med.- 
Ohir.  Rev.,"  vol.  ii.  pp.  80—90. 

*  For  a  fuller  exposition  of  this  doctrine,  see  the  "Brit,  and  For.  Med.-Chir.  B«v.," 
VoL  lii,  p.  159,  ei  ttq. 
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tioQ  of  the  uric  acid,  biliary  matter,  lactic  acid,  and  otter  Bubstances  which  are 
Dornial  products  of  the  waste  or  disintofrration  of  the  body,  is  capable  of  becom- 
iag  a  source  of  morbid  action  in  the  gystem  generally ;  and  the  evil  is  of  course 
increased,  when  (aa  frequently  happens)  augmented  production  ia  concurrent 
with  imperfect  elimination.  But  perversions  of  the  ordinary  disintegrating  pro- 
cenea  are  also  far  from  being  uncommon,  whereby,  instead  of  the  subsfancea 
already  referred-to,  other  products  are  engendered,  whose  presence  in  the  circu- 
lating; current  gives  rise  to  trains  of  symptoms  altogether  different.  Of  this 
class  we  seem  to  have  an  example  in  gout  and  rheumatism  ;  the  materin  nu>rlti 
of  which  diseases,  though  probably  not  identical  with  lithio  and  lactic  acids, 
would  seem  to  be  formed  from  the  decomposing  inatlera  which  might  normally 
bare  generated  them.  There  can  be  no  doubt,  again,  that  many  chronic  diseases 
of  nutrition  are  attributable  to  a  atmilar  cause;  this  being  indicated  by  the  g^m- 
metrical  mode  in  which  they  affect  the  particular  parts  whose  condition  is  altered 

228.  Id  all  eases,  therefore,  one  of  the  first  questions  which  the  inMilligent 
Practitioner  will  feel  callcd-upon  to  decide,  is,  whether  the  malady  be  has  to 
treat  originates  in  the  state  of  the  Blood,  or  in  a  disorder  purely  local;  and,  if 
he  feel  justified  in  referring  it  to  the  blood,  whether  it  merely  depends  upna  an 
alteration  in  the  proportion  of  its  normal  conslituents,  as  in  plethora  and  siniple 
anaemia,  or  whether  its  phenomena  imply  the  presence  of  some  toxic  substance 
ia  the  circulating  fluid.  —  If  the  former  be  his  conclusion,  he  has  then  to  en* 
deavour  to  rectify  the  excess  or  the  deficiency,  by  reducing  the  former,  or  by  eup- 
iJying  the  latter  j  as  when  be  bleeds  and  prescribes  low  diet  for  Plethora,  and 
•Bplnys  iron  and  generous  living  in  Aniemia.  But  it  is  his  duty  to  tako  care 
that  his  means  are  appropriate  to  bis  ends;  and  especially  to  abstain,  when  en- 
deaToaring  to  draw^off  an  excess  of  one  constituent,  from  doing  serious  injury 
by  reducing  another  which  may  be  already  below  par,  aud  of  which  the  presence 
maybe  essential  to  enable  the  system  to  resist  the  further  progress  of  the  malady. 
Thus,  as  we  have  seen,  blood-letting  has  no  decided  effect  in  lowering  the  pro- 
portion of  Jihn'n  in  the  blood,  whilst  it  ha$  a  most  direct  influence  in  reducing 
the  number  of  rrd  corpvtde$;  and  there  can  be  little  doubt  that  the  too-copious 
Tenesection  which  was  formerly  practised  almost  iudiscrimtoately  in  acute  in- 
flammations, had  a  pernicious  tendency  to  postpone  the  final  recovery  from  them, 
whibt  it  had  often  but  a  doubtful  efficacy  in  subduing  the  first  violence  of  the 
disease.  As  a  general  rule  it  may  be  stated,  that  general  blood-letting  is  likely 
to  be  rather  injurious  than  beneficial  in  tojric  inflammations,  in  which  the  vitality 
of  the  blood  as  a  whole  is  decidedly  lowered,  notwithstanding  the  large  increase 
in  the  proportion  of  fibrin  ;  and  to  this  rule^  the  results  of  careful  and  extended 
observation  have  recently  shown  that  Rheumatism  is  seldom  to  be  considered  an 
exception,  notwithstanding  that  this  disease  was  formerly  considered  to  be  one  of 
those,  in  which  the  efficacy  of  copious  depletion  was  most  undoubted.  —  In  dis- 
ea«e«  of  toxic  origin,  the  treatment  must  be  conducted  upon  principles  exactly 
the  same  as  those  by  which  the  practitioner  would  be  guided  iu  his  treatment  of 
a  case  of  ordinary  poisoning ;  but  as  regards  the  two  classes  into  which  it  has 
been  shown  that  these  maladies  may  bo  divided,  a  difference  must  be  made  in 
their  application. 

229.  The  'morbid  poisons'  of  our  second  class  (§227)  are  distinguished  by 
this,  that  there  is  a  continual  new  gnnn-atifm  of  them  within  the  system ;  and  the 
fint  indication  of  treatment,  therefore,  will  be  to  cheek  their  formation,  so  far  as 
this  may  be  possible.  This  is  the  ratiunaJe  of  the  dietetic  and  regiminal  treat- 
ment of  the  lithic,  lactic,  and  oxalic  diatheses,  of  lepra  and  psoriasis,  of  chronic 
gout  and  rheumatism,  and  many  other  chronic  diseases  of  toiio  origin. — Secondly, 
we  should  endeavour  to  destroy  or  neutralize  the  poisgn,  if  we  have  any  remedies 
which  possess  such  an  action  upon  it.  Perhaps  the  curative  influence  of  arsenic 
b  Bomo  of  the  chronic  skin -diseases;  is  one  of  the  beat  exampl|g  <p^  ^ia  kind ; 
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but  it  must  be  admitted  tbat  such  direct  '  antidotes '  to  morbid  pois<«ia  are  rttj 
few  in  Bumber. — Thirdlj,  where  we  cannot  destroy  the  poisoD,  we  must  eDdetToor 
to  moderate  its  action  upon  the  system  ;  this  is  the  rationale  of  paUiative  treit- 
nient  of  every  dewription,  in  which  the  fnnt  e(  oriyo  of  the  malady  ia  l«ft  an- 
changed. — But  fourthly,  our  main  object  must  be  to  eliraioate  the  poisoD  froa 
the  eyatem  aa  rapidly  aa  possible,  by  the  various  channels  of  excretion ;  acting 
upon  these  by  remedies  which  either  increase  their  activity,  or  which  bo  alter  the 
condition  of  the  morbific  matter,  as  to  enable  it  to  be  more  readily  drawn-off. 
The  judjpDaent  of  the  well-informed  practitioner,  in  the  tn^^atment  of  disea^s  of 
this  class,  is  more  shown  in  his  diitcriminative  selection  of  the  best  means  of  that 
aiding  the  Blood  to  retrain  its  normal  purity,  than  in  any  more  apparently  'heifflc 
ineaKurcs ';  and  a  ciindid  review  of  the  most  approved  syptems  of  treatment,  for 
diseases  of  the  type  hero  alluded-to,  will  show  that  the  ratio  of  their  efficacy  is  ia 
accordance  with  tbut  of  thtir  harmony  with  the  above  indications. 

230.  Among  the  Toiic  diseases  of  the  zymotk  class,  in  most  of  which  the 
poison  is  introduced  from  without,  the  course  of  the  morbid  phenomena  to  which 
this  gives-rise  is  us^ually  more  definite  and  specific,  and  it£  duration  more  Umit«d. 
There  is  no  source  within  the  body,  whence  a  new  supply  of  the  poison  is  coo- 
tinuully  arising;  and  it*  operation  ceases,  then'fore,  aa  soon  as  it  is  entirely 
eliminated  from  the  system.  But  there  is  this  peculiarity  in  the  action  of  maaj 
of  the  poisons  in  question,  that  they  have  the  power  of  multiplying  themselvM 
within  the  bodyj  thus,  for  example,  when  smalUpoi  haa  been  commnnicated  by 
the  inoculation  of  an  excessively  minute  portion  of  the  virus,  huodreds  and 
thousands  of  pustules  are  generated,  each  of  them  charged  with  a  poison  equally 
potent  with  that  from  which  they  originated.  It  is  to  this  multtplication,  that 
the  exteotiion  of  zymotic  disease^  by  communication  between  individuals  affected 
with  them  and  healthy  Bubject«,  is  chiefly  due  ;  and  the  question  of  the  '  contagioo' 
or  '  uoo-cuutagion '  of  any  particular  disease  of  thia  class,  is,  therefore,  esoentialtj 
that  of  multiplication  or  non-multiplication  of  the  poison  in  the  hnman  body. 
This  multiplication  of  certain  zymotic  poisons  is  a  yet  stronger  point  of  analogy 
to  the  action  of  '  ferments,'  than  that  which  is  afforded  by  the  violence  of  the 
changes  they  induce,  when  compared  with  the  amount  in  operation.  Some  of 
these  poisons  are  of  such  potency,  that^  in  however  minute  a  quantity  they  tie 
introduced,  they  will  change  the  whole  niasa  of  the  blood  in  a  few  minutes;  and 
will  act  indiscrimiuately  on  all  individuals  alike;  this  is  the  case,  for  example, 
with  the  venom  of  serpents.  On  the  other  hand,  there  are  many  (rb  already 
remarked}  which  seem  to  require  the  presence  of  some  spet'ial  fermentable  matter 
in  the  blood  (§226).  And  between  these  might  probably  be  established  a  regu- 
lar gradation, — from  those  most  '  peniioious'  forms  of  malarious  poison,  which 
derive  their  potency  from  the  intensity  of  vegetable  decomposition  under  the 
influence  of  a  high  temperature;  or  those  '  malignant'  types  of  typhoid  poison, 
which  owe  their  special  intensity  to  animal  putreecenee  engendered  by  filth  and 
overcrowding;  both  of  these  attacking  a  very  large  proportion  of  those  who  are 
exposed  to  them, — to  those  milder  forms  of  zymotic  poisons,  which,  though 
derived  from  the  same  sources  with  the  preceding  act  with  so  much  less  of  uni- 
formity upon  different  individuals,  that  we  can  scarcely  fui!  to  recognise,  as  a 
'  predisposing  cause,'  or  rather  as  a  necessary  concurrent  condition,  the  presence 
of  some  readily-decomposable  matter  in  the  blood.  The  long-continued  action 
of  these  poisons,  in  their  milder  forms,  seems  itseif  capable  of  inducing  this  con- 
dition; thus,  a  healthy  person  who  settles  in  an  aguish  country,  may  remain  free 
from  intermittent  fever  for  a  considerable  time,  but  his  health  gradually  di'terirtr- 
atea,  and  at  last  ho  becomes  the  subject  of  the  disease,  which  would  have  much 
earlier  attacked  him,  if  his  blood  had  been  brought  into  the  '  fermentable'  state 
by  irregularity  of  diet,  over-exertion,  ifec.;  and  the  same  may  bo  observed  in  the 
cam  of  those  long  expn«ed  to  the  poison  of  typhoid  or  other  fevers,  which  specially 
'ocates  itself  io  animal  miasmata,  if  it  be  not  actualiy  engendered  by  them. 
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231.  Id  some  of  the  diseases  of  this  class,  the  change  in  the  qnalities  of  the 

lood  produced  by  the  introdnctioa  of  the  poisoTij  is  such  as  to  ^ve  it  a  morbid 

%edon  on  certain  organs  or  tissues  only ;  their  phenomena  in  this  respect  correepond- 

ing  with  those  of  ordinary  poisons,  and  of  the  toxic  diseases  previously  noticed. 

~  ich  may  be  said  of  vaccinia,  gonorrhoea,  priujory  syphilis,  &c.,  in  which  the 

jneral  functions  of  the  body  seem  to  be  dinturbed  chiefly  or  Bololy  through  the 

c*J  disorder.     It  may  happen  that,  even  where  a  specific  poison  is  present  in  the 

lood,  it  may  not  be  potent  enough   to  manifest  itself  in  any  disordered  action, 

ither  general  or  local,  until  the  depressed  state  of  the  nutrition  of  some  part  or 

_  »n  renders  it  more  susceptible  of  a  further  perversion  ;  thus  it  is  very  common 

for  the  first  development  of  Cancer  to  fallow  upon  some  local  injury;  and  where 

constitutional  Syphilis  may  be  presumed  to  exist,  it  often  seems  to  lie  doramnt, 

until  some  appropriate  part  is  rendered,  by  some  such  cause,  peculiarly  susceptible 

to  this  malady.' — But,  in  other  cases,  we  find  that  the  contamination  of  the  ulood 

ia  such  as  primarily  to  produce  more  or  less  disturbance  in  all  the  functions;  as 

we  cepecially  witness  in  the  severer  forms  of  fever,  in  poisoning  by  venorooua 

Krpents,  &c.     Even  in  this  last  class  of  cases,  however,  a  special  deterinination 

to  one  organ  or  system  is  freejuontty  obvious ;  and  this  may  be  so  constant  as  to 

be  characteristic  of  the  disease,  as  is  the  case  with  the  skin-a&ction  in  the 

■  Exanthemata  generally,  the  affection  of  the  throat  and  the  kidneys  in  ^Scarlatina, 

Bind  that  of  the  air-passages  in  Afeasles.     But  in  other  instances,  the  local  itfeo- 

■lions  produced  in  different  individuals  by  the  same  specific  poison,  vary  in  their 

^belative  intensity,  and  even  in  their  seat,  according  to  the  previous  conditions 

"which  their  respective  subjects  afford;  and  whilst,  in  suine  instances,  this  "^aria- 

tion  may  be  clearly  traced  to  local  peculiaritips  of  nutrition,  in  otlicrs  it  seems 

only  capable  of  being  accounted-for  by  supposing  that  the  blood  of  each  indi- 

riduul  has  some  peculiar  or  personal  eharaoter,  which  causes  it  to  be  differently 

affected  in  each  stibject.     Of  the  deterunning  influence  of  local  deteriorations  of 

nutrition,  we  occasionally  meet  with  curious  examples  in  the  Exanthemata;  thus, 

the  eruption  of  Measles  has  been  seen  to  be  deepest  and  most  diffused  over  a 

koe«  affected  with  chronic  synovial  iulBanjniatiou  and  general  swelling;  and  in 

a  patient  who  became  affected  with  Stimll-Pos  soon  after  a  full  on  the  nates,  the 

pustules,  though  thinly  scattered  elsewberc,  were  crowded-together  on  (he  injured 

part  as  thickly  aa  possible  (Paget,  op.  cit.,  p.  444).     ^o,  during  an  epidemic  luflu- 

Ienza,  it  is  evident  that  the  local  affection  often  manifests  itself  t-hiefly  (if  not  solely) 
in  what  was  previously  regarded  as  the  *  weak  point '  of  each  patient's  system. 
Of  those  variations  on  the  other  hand,  which,  as  they  cannot  be  thus  attributed 
to  purely-local  causes,  must  be  referred  to  peculiarities  iu  the  general  state  of  the 
system,  and  especially  of  the  blood,  of  each  individual,  we  have  a  highly  chnrac- 
teristio  example  in  the  following  incident,  which  fell  under  the  notice  of  the 
Author'c  friend,  Mr.  Huxley,  at  that  time  assistant-surgeon  on  board  her  H.M.S. 
Battlenake,  which  bad  been  engaged  on  a  surveying  voyage  about  New  Guinea 
and  AvMralia.  The  crew  seem  to  have  acquired  a  predisposition  to  disease  by 
long  oonfinement,  exposure  to  tropical  sunshine,  unwholesome  food,  and  other 
untavoumble  influences ;  but  no  decided  malady  had  shown  itself  among  them, 
until  one  of  them,  after  slightly  wounding  his  band  with  a  beef-bone,  had  sup- 
puration of  the  axillary  lymphatic  glands,  with  which  typhoid  symptoms  and 
delirium  were  associated,  and  which  proved  fatal.  A  few  days  after  his  deaih, 
the  sailor  who  washed  his  clothes  had  similar  symptoms  of  disease  in  the  axilla  ; 
and  for  four  or  five  months,  he  suffered  with  eloughings  of  portions  of  the  cellular 
tiane  of  the  axilla,  arm,  and  trunk  of  the  same  side.  Near  the  same  time,  a 
third  sailor  had  diffuse  inSannnation  and  sloughing  in  the  axilla;  and  after  this, 
the  disease  ran  in  various  forms  through  the  ship's  company,  between  thirty  and 
Ibrtj  of  whom  were  sometimes  on  the  sick  list  at  once.  Some  had  diffuse  cellular 
uiammatiou;  some  had  inflammation  of  the  lyrophatio  glands  of  the  head,  axilla, 
'  See  Mr.  Paget^s  "  Lectures  on  Surgical  PatLulogy,"  p.  300,  Am.  Ed. 
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and  lower  extreiaities ;  one  had  severe  idiopathic  erysipelas  of  the  head  and 
neck ;  auolbcr  bad  phlegmonous  erysipelas  of  the  baud  and  arm  ufVer  an  tod* 
dental  wound ;  otbera  hf*d  low  fever  with  or  without  enlargemeot  of  glands. 
Finally,  the  disease  took  the  form  of  mumpa,  which  affected  almost  everybody  oa 
board.  The  epidemic  lasted  from  May  to  July  (the  winter  in  the  tDoutbent 
hemisphere),  the  ship  being  at  sea  during  the  whole  time. — The  local  determini- 
tion  of  a  morbid  poison  may  frcquenily  bo  regarded  as  one  of  the  means  whercbj 
the  blood  and  the  system  at  large  are  freed  from  its  actioii.  Of  thu,  again,  ve 
have  a  most  cbaraoteristic  example  in  the  Exanthemata:  for  it  is  a  matter  of 
constant  observation,  that  the  constitution  at  symptoms,  especially-  fever  and 
delirium,  are  most  severe  hffore  the  cutaneous  eruption  comes-out ;  that  there  ii 
mueh  greater  danger  to  life,  when  the  eruption  does  not  develope  itself  fully  ;  and 
that  its  premature  repression  ioduoes  a  return  of  the  severer  constitutional  iffec> 
lion.'  So  in  Syphilis  and  Cancer  (as  Mr.  Paget  remarks),  the  severest  defects  or 
disturbances  in  the  whole  economy  may  coexist  with  the  Bmalle<!t  amoaots  of 
specific  !oca]  disease;  and  it  has  been  laid-down  as  a  general  law  by  Dr.  Robert 
Williams,  "  that  when  a  morbid  poison  acta  with  its  greatest  intensity,  and  pro- 
duces its  severest  forms  of  disease,  fewer  traces  of  organic  alterations  of  structora 
will  be  foun4,  than  wLeu  the  disease  has  been  of  a  milder  character."' 

232.  In  nearly  alt  the  Toxio  diseases  of  the  zymotio  class,  there  is  a  natonl 
tendency  to  the  self  elimination  of  the  poison  and  of  the  products  of  its  action 
on  the  blood,  either  by  the  operation  of  the  ordinary  excretory  organs,  or  by  th« 
peculiar  local  actions  just  adverted-to;  and  this  process  takes  place  in  manj 
instances  with  such  regularity,  that  not  only  the  period  which  it  will  altogether 
require,  but  each  of  those  successive  epochs  which  mark  the  stages  of  develop 
mcnt  and  metamorphosis  in  the  poison  and  in  the  products  of  its  action,  may  be 
almost  exactly  predicted.  There  is  not,  in  fact,  a  more  remarkable  indication  of 
the  '  Life  of  the  Blood,'  than  is  aiforded  by  its  extraordinary  power  of  self-re* 
eovery,  after  having  undergone  the  exce.ssive  perversion  which  is  consequent 
npou  the  introduclinn  of  the  more  potent  Zymotic  poisons  j  and  every  philosophi- 
cul  pUysiciau  is  ready  to  adiint,  that  it  is  to  this  'vis  medieatrix  natune,'  rather 
than  to  any  remedial  agency  which  it  ts  in  his  power  to  apply,  that  he  most  look 
for  the  resturatiou  of  his  patient.  The  very  nature  of  the  action  of  symotic 
poisons  upon  the  blood,  seems  to  forbid  the  expt'ctation  of  our  being  able  to 
neutralize  or  clieck  that  action  by  antidotes;  and  the  objects  of  treatment  wholly 
lie,  therefore,  in  promotltig  the  elimination  of  the  morbific  matters  thus  cn- 
gendereil,  in  kceping-under  any  dangerous  excess  of  local  action,  and  in  sap- 
pr^rting  the  system  during  the  continuance  of  the  malady.  lu  a  large  proportion 
of  zymotic  diseafes,  it  is  probable  that  the  oxidation  of  the  morbific  matter  bj 
the  aeration  of  the  blood,  is  the  chief  means  of  its  removal;  and  it  is  accordant 
with  this  view,  that  the  encouragement  of  the  respiratory  function,  bv>th  pul- 
monary and  cutaneous,  by  a  pure  and  txwl  atmosphere,  and  by  keeping  the  skin 
moist  (eitber  by  the  administriiition  of  diaphoretic  medicines,  or  by  external  ap- 
plications), should  be  found  one  of  the  most  efficient  means  of  promoting  re- 
covery.^    Whilst  mild  purgatives  may  be  employed  with  advantiige  for  the  same 

'  It  may  be  objected  (o  tliis  genpnul  stiitement,  thnt  as  theaeT^ritj  of  Small- Pox  osukIIj 
benrs  a  constiint  ratio  to  the  amount  of  the  cutaneous  eruption,  tbis  cannot  be  regarded  M 
relieving  ihe  btoQ<i  of  a  puisonouH  impregnntiDD  :  but  it  is  ta  be  borne  id  mind,  on  the  one 
himd,  that  the  confluence  of  the  pusiulesi  greivtl;  impedes  the  normnl  functions  of  the  aku, 
whoretty  the  conftjttitionnl  diMtirbiince  is  ino«t  seriously  aggrnvoted  ;  their  suspeusion,  if 
complete,  being  itself  adequate  in  destroy  life;  and  besides  this,  the  exoessiTe  sererity  of 
the  eruption  is  nn  indication  tbat  the  poi^nn  hns  either  poraeseed  an  extraordinary  potenoy, 
or  baa  found  within  the  blood  a  ninteriBi  peculiarly  favorable  for  its  development. 

*  "  Element'*  of  Medicine,"  vol.  i.  p.  1*2. 

•Dr.  Dftniell,  whose  long  fftmiliarity  with  the  most  pernicious  forms  of  Afriean  ferer, 
and  with  Iho  Tnriotis  modes  of  trcnimcut  which  Lave  been  put  in  practice  for  its  cora, 
((iTes  a  moat  dedded  preference  to  the  tudunfic  system  La  vogue  among  the  uativM,  aa 
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end,  in  the  earlier  stages  of  these  diseases,  care  must  he  taken  that  the  system  he 
not  too  much  dehilitated  hy  their  action ;  and  the  same  caution  must  he  ohserved 
with  regard  to  the  use  of  local  depletion  or  counter-irritation,  for  the  purpose  of 
mhdmng  the  violence  of  some  local  affection.  In  fact,  the  general  tendency  of 
these  diseases  to  the  adynamic  type,  seems  to  indicate  that,  however  beneficial 
the  immediate  results  of  reducing  treatment  may  appear  to  be,  its  remote  effects 
mre  much  to  be  dreaded.  And  when  the  results  of  a  large  and  varied  experience 
are  hronght  together,  the  Author  believes  that  those  will  be  found  most  satis- 
ftotory,  in  which  the  treatment  has  been  moderately  evacuant,  and  ear/ysusten- 
totive.' 


CHAPTER  VI. 

or  THS  CIRCULATION  OF  THE  BLOOD. 

1. — 0/  the  Circulation  in  General 

283.  The  Circulation  of  nutritive  fluid  through  the  body  has  for  its  object, 
on  the  one  part,  to  convey  to  every  portion  of  the  organism  the  materials  for  its 
growth  and  renovation,  together  with  the  supply  of  Oxygen  which  is  requisite 
ror  its  vital  actions,  (especially  for  those  of  the  Nervo-Muscular  apparatus);  and 
at  the  same  time  to  carry-off  the  particles  which  are  set-free  hy  the  disintegration 
or  'waste'  of  the  tissues,  and  which  are  to  be  removed  from  the  body  by  the 
Excreting  processes.  Of  these  processes,  the  one  most  constantly  in  operation, 
as  well  as  most  necessary  for  the  maintenance  of  the  purity  of  the  blood,  is  the 
extrication  of  Carbonic  acid,  through  the  Respiratory  organs ;  and  this  is  made 
subservient  to  the  introduction  of  Oxygen  into  the  system.  In  Man,  as  in  other 
Vertebrated  animals,  there  is  a  regular  and  continuous  movement  of  the  nutritive 
fluid  through  the  sanguiferous  vessels ;  and  upon  the  maintenance  of  this,  the 
activity  of  all  parts  of  the  organism  is  dependent.  In  common  with  Birds  and 
Mammals,  again,  Man  has  a  Respiratory  circulation  entirely  distinct  from  the 
Systemic;  all  the  blood  whii'h  has  returned  from  the  body  being  transmitted  to 
the  longs,  and  being  brought  hack  to  the  heart  again,  before  it  is  again  sent- 
forth  for  the  nourishment  of  the  tissues  and  for  the  maintenance  of  their  func- 
tional activity.  The  Heart  is  placed  at  the  junction  of  these  two  distinct  circu- 
lations, which  may  be  likened  to  the  figure  8 ;  and  it  may  be  said  to  be  formed 
by  Uie  fusion  of  two  distinct  organs,  a  <  pulmonary'  and  a  '  systemic'  heart ;  for 
its  right  and  left  sides,  which  are  respectively  appropriated  to  these  purposes, 
have  DO  direct  communication  with  each  other  (in  the  perfect  adult  condition,  at 
least),  and  seem  merely  brought-together  fur  economy  of  material.'  £ach  system 
has  its  own  set  of  Arteries  or  efferent  vessels,  and  of  Veins  or  afferent  trunks ; 
these  oommnnicate  at  their  central  extremity  by  the  Heart,  and  at  their  peripheral 
extremity  by  the  Capillary  vessels,  which  are  nothing  else  than  the  minutest 
ramifications  of  the  two  systems,  inosculating  into  a  plexus.  —  Besides  the  sys- 

baviag  a  vast  saperiority  over  the  Tenesections,  saline  pargatiyes,  and  large  closes  of 
ealomel,  which  most  European  practitioners  have  employed.  See  his  *'  Sketches  of  the 
Medical  Topography  and  Native  Diseases  of  the  Gulf  of  Guinea,"  p.  120. 

*  On  the  subject  of  the  latter  portion  of  this  section,  see  the  treatise  of  Dr.  Robert  Wil 
liams  on  "  Morbid  Poisons,"  the  "  Principles  of  Medicine"  of  Dr.  Charles  J.  B.  Williamst 
the  "Lcetures  on  General  Pathology"  by  Mr.  Simon,  and  the  chapter  on  '  Specific  Diseases* 
b  Mr.  PageVs  '*  Lectures  on  Surgical  Pathology." 

*  At  an  early  period  of  foetal  life,  as  in  the  permanent  state  of  the  Dngong,  the  heart  is 
so  deeply  deft,  from  the  apex  towards  the  base,  as  almost  to  giro  the  idea  of  two  separate 
«|ans. 
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toiuio  and  pulmonary  circulations,  however,  there  is  anotber  "which  is  no  loa  i3i»- 
tinot,  altliouq;h  it  has  not  an  impelling  orpan  of  its  own.  This  is  the  'portal' 
circulation,  which  is  interposed  betwceo  the  venous  trunks  of  the  abdominal  via- 
ccra  and  the  Veoa  Cava,  for  the  purpose  of  distributing  that  Wool  through  the 
Liver,  in  which  organ  its  newly-absorbed  materials  undergo  u8«itnilation  (_§  132), 
whilst  its  excrenientitioua  matters  are  separated  by  the  ftccreting  process.  The 
Vena  Portre,  which  is  fortucd  by  the  convergence  of  the  gastric,  intestinal, 
splenic^  and  pancreatic  veins,  subdivides  again  like  an  artery,  so  as  to  form  ■ 
capillary  plexus  which  extend?  throuph  the  wboJe  substance  of  the  liver;  »di1 
the  Hepatic  vein,  collecting  the  blood  frnm  this  plexus,  conveys  it  into  the  V«d» 
Cava.  Thus  the  portal  circulation  is  grafted  (so  to  speak)  upon  the  tfrnerul  cir- 
culation, in  preci.'?ely  the  same  mode  aa  the  respiratory  circulation  is  grafted  upon 
it  in  MoHusca  and  Crustacea;  and  if  the  'sinus'  of  the  vena  portaj  had  posse&^ed 
coatractile  mascular  walls,  it  would  have  ranked  as  the  proper  heart  of  the  portal 
system.  The  really  arterial  character  of  the  Vena  i*tirtge  is  well  shown  by  com- 
paring it  with  the  Aorta  of  Fishes;  which  is  formed  by  the  convergence  of  the 
branchial  veins,  and  then  distributes  the  blood  which  it  baa  received  from  them 
to  the  body  generally. 

234.  That  the  movement  of  the  Blood  through  the  arterial  trunks  and  the 
capillary  lubes,  is,  in  Man,  and  in  other  warm-blooded  animale,  chiefly  dependeot 
upon  the  action  of  the  Heart,  there  cm  be  no  doubt  whatever.  It  can  be  easily 
shown  by  experiment,  that  if  the  arterial  current  be  cheeked,  the  capillaries  will 
immediiitely  cease  almost  entirely  to  deliver  the  blood  into  the  veins,  and  the 
venous  circulation  will  be  consequently  arrested.  And  it  has  also  been  proved, 
that  the  u.«ual  force  of  the  Heart  is  sufficient  to  propel  the  bloo<l,  not  only  through 
the  arterial  tubes,  but  through  the  enpillaries,  into  the  veins;  since  even  a  lesi 
force  will  serve  to  propel  warm  water  through  the  vessels  of  an  animal  recently 
dead.'  But  there  are  certain  "residual  phenomena"  even  in  Man,  which  clearly 
indicate  that  this  is  not  the  whole  truth ;  for  not  only  is  the  general  current  of 
blood  greatly  modified  in  its  passage  through  the  circubting  system,  but  there 
are  many  vanationa  in  its  movement,  which,  being  very  limited  in  their  extent, 
cannot  be  attributed  to  any  centml  disturbance,  and  must  therefore  be  dependent 
on  causes  purely  local.  Hence  we  are  led  to  perceive  that  forces  existing  in  the 
Blood-vessels  themselves  must  have  a  considerable  influence,  in  producing  both 
general  and  local  moditieations  of  the  effects  of  the  Heart's  action.  There  are 
also  indications  of  the  existence  of  inBuenees  in  which  the  blood-vessels  do  not 
partake,  arising  from  those  changes  occurring  between  the  binod  and  the  tiwaes, 
that  constitute  the  processes  of  Nutrition,  Secretion,  &c.  Of  the  nature  of  these 
influences,  and  of  the  degree  of  their  operation,  the  most  correct  idea  may  be 
obtained  by  examining  the  phenomena  of  the  Circulation  in  those  bcingp,  in 
which  the  moving  power  is  less  concentrated  than  it  is  in  the  higher  Animals. 
Thus  we  find  that  in  Plants  and  the  lowest  Animals,  as  in  the  earbest  embryonic 
state  of  the  highest,  a  movement  of  nutritious  fluid  takes  place  through  a  system 
of  minute  passag^is  or  channels  excavated  in  the  tissues  (representing  a  cnpUUirjf 
plcKua),  wilboat  any  vin  a  iertjo  derived  from  an  impelling  organ.  Asceoding  a 
little  hiiibcr  in  the  series,  we  meet  with  a  system  of  vascular  trvnkf,  distributing 
the  blood  to  these  plexuses,  and  collecting  it  again  from  them  ;  and  the  walls  of 
these  trunks  are  so  far  endowed  with  contractility,  as  to  assist,  by  a  sort  of 
peristaltic  movement,  in  the  maintenance  of  the  current  through  them.     Still 

fia-ssiog  upwanls,  we  find  this  contractility  manifesting  itself  especially  in  some 
imited  portion  or  portions  of  the  vascular  system,  which  execute  regular  move- 
ments of  contraction  and  dilatation  ;  and  this  tendency  to  concentration  is  in- 
creasingly observed,  until  the  whole  movement  is  subordinated  to  the  action  of  ■ 
priacipal  propelling  organ,  the  Heart.' — We  shall  now  examine  what  Bgeocj  in 

■  See  Dr.  Willinnjs'a  "Principles  of  Medicine,"  8d  Am.  EcL,  p.  164,  nott. 
*  S««  "Friac.  of  Comp.  PbjpS.,"  cbap.  t.  Adx.  Ed. 
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the  Hnmao  Circulation  tnaj  be  attributed  to  the  Heart,  the  Arteries,  and  the 
[YeioA  respectively;  and  what  other  forces  maj  be  fiurly  presumed  to  operate  io 
the  Capillary  circulation. 

2. — Action  of  the  Heart. 

235.  The  Heart  is  endowed  in  an  eminent  degree  with  the  property  of  irn'- 
UiO'dity  }  by  which  is  meant,  the  capbility  of  being  easily  excited  to  moveioenis 
of  contraction  alternating  with  relaxatiua.  Thus,  after  the  Heart  has  been 
removed  from  the  body,  and  has  ceased  ro  contract,  a  slight  irriuition  will  cuu&e 
it  to  execute,  not  one  movement  only,  but  a  jieries  of  alternate  contractions  and 
dilatations,  gradually  diminishiug  iji  vigour  utitil  they  ccu&e.  The  coutructioD 
begios  in  the  part  irritated,  and  then  extends  to  the  rest.  It  appears,  however, 
from  Mr.  Papet's  experiments,'  that  it  is  necessary  for  the  propagation  of  this 
irritation,  that  the  parts  should  be  connected  by  muscular  tissue,  of  which  a  very 
narrow  isthmus  will  suffice ;  and  that  the  propagation  will  not  take  place,  if  the 
connecting  isthmus  be  composed  of  tendon,  even  though  this  be  a  portion  of  the 
auriculo-ventricular  ring,  which  has  been  supposed  by  eonie  to  be  peculiarly  effi- 
cacious in  this  conduction.  —  That  the  irritability  of  the  Heart  is  not  dependent 
upon  the  Ccrebro-spinal  system,  appears  not  merely  from  the  luauifestution  of  it 
wnen  the  organ  is  altogether  removed  from  the  body;  but  also  from  the  fact, 
that  if  the  flow  of  bl<>od  through  the  lungs  be  kept-up  by  anificial  respiration, 
the  heart's  action  wilt  continue  for  a  letrgthencd  period,  even  afttT  the  Brain  and 
Spinal  Cord  have  been  removed,  and  wlicn  nniuial  life  is,  therefore,  completely 
extioc-t.  Ueuoewe  see  that  the  Irritability  of  this  organ  must  be  an  endowment 
properly  belonging  to  itself,  and  not  durived  from  that  portion  of  the  Nervous 
System  (§  238^.  Like  the  contractility  of  other  muscles,  it  can  only  be  coa- 
tiouonsly  sustained  by  a  supply  of  Arterial  blood  to  iis  own  tissue  (See  Princ. 
or  Gen.  Phys).  It  is  much  less  speedily  lost  in  cold-blooded  animals,  however, 
than  in  warm-blooded ;  the  heart  of  the  Frog,  for  example,  will  go  on  pulsating 
for  many  hours  after  its  removal  from  the  body  ;  and  it  is  stated  by  Dr.  Mitchell,' 
that  the  heart  of  a  Sturgeon,  which  he  had  inflated  with  uir,  continued  to  beat, 
until  the  auricle  bad  absiolutely  become  so  dry,  as  to  rustle  during  its  movements. 
It  has  further  been  shown  by  Mr.  Tod,  that  the  irritability  of  the  heart  is  of 
great  duration  after  death  in  very  young  aultuals ;  which,  as  waa  long  since 
demonstrated  by  Dr.  Kdwards,  agree  with  the  cold-blooded  Vertebrata  in  their 
power  of  sustaining  life,  for  a  lengthened  period,  without  oxygen. 

236.  It  is  difficult  to  account  for  the  long  coiitiDuunce  of  the  alternate  con- 
tractions and  relaxations  of  tlie  tnusoular  pariotes  of  the  Heart,  after  all  evident 
stiniuli  have  ceased  to  act  upou  it ;  and  many  theories  have  been  offered  on  the 
sobject,  notie  of  which  afford  an  adequate  explanation.  The  extraordinary  ten- 
dency to  ryAMmica/ action,  by  which  the  heart  is  distinguished  from  nearly  all 
other  muscles,  is  shown  by  the  fact,  that  not  only  do  the  entire  hearts  of  cold- 
blooded animals  continue  to  act  long  after  their  removal  from  the  body,  but  even 
separated  portions  of  tbem  will  contract  and  relax  with  great  regularity  for  a 
long  UtDC.  Thus  the  auricles  will  persist  in  their  rhythmical  action,  wheti  cut- 
off above  the  auriculo-ventrieulo  rings;  and  the  apex  of  the  heart  will  do  the 
same,  when  separated  from  the  rest  of  the  ventricle.  The  stimulus  of  the  con- 
tact of  blood  with  the  lining  membrane  of  the  heart,  to  which  its  regular  actions 
bard  be«n  commonly  referred,  can  have  no  influence  in  producing  such  move- 
mentflj  nor  does  it  appear  that  the  contact  of  atr  can  take  its  place;  since,  a>> 
Dr.  J.  Keid  has  shown,  the  ryhthmical  contractions  of  the  heart  of  a  frog  will 

*  ■*  Brit,  and  For.  Med.  Review,"  vol.  zxi.  p.  661. 

*  •*  American  JoorDsI  of  the  Medicat  Scieoces,"  val.  tuu  o.  58;  se*  also  Prot  DungU 
iob's  "  Buman  Phjaiologjr,"  7th  edit.,  voL  il.  p.  140. 
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continue  in  vaet/o.'  Nor  it;  there  any  evidence  tliat  the  flow  of  blood  through 
the  cavities"  has  the  effect  of  securinp  the  repnlarity  of  their  PUCceasiTe  oootne- 
tions  in  the  living  bodj  j  for  this  repuhiritj  is  equally  marked  irf  the  contnoliotis 
of  the  excised  heurl,  when  perfectly  eunptied  of  blood,  bo  long  as  ifa  moTemeots 
continue  vigorous.  But  when  its  irritability  is  nearly  exhausted,  the  osotl 
rhythm  is  often  a  ^ood  deal  disturbed,  so  that  the  contractions  of  auricles  ud 
ventricles  do  not  regularlj  alternate  with  each  other;  and  one  set  frequently 
ceases  before  the  other, 

237.  The  difficulty  of  finding  any  other  satisfactory  solution  of  the  problem, 
has  recently  led  many  Physiologists  to  recur  to  the  idea,  that  the  Heart's  action 
is  dependent  upon  Neri-oua  power;  this  power  being  supposed  to  be  derived, 
however,  not  from  the  Cerebro-spinal  pjett-nij  but  from  the  ganglia  of  the  Sym- 
pathetic system  which  are  found  in  the  organ  itself.  For  the  proper  estimation 
of  the  evidence  favourable  to  this  view,  it  is  requisite  that  we  should  bring-toge- 
ther the  principal  facts  which  indicate  the  relation  of  the  Heart's  action  to  Ner- 
vous influence,  from  whatever  source  this  may  proceed. 

238.  It  was  formerly  supposed,  that  the  moveraenta  of  the  Heart  were  depend- 
ent upon  irs  connection  with  the  centres  of  the  Cerebro-spinal  nervous  system: 
and  the  experiments  of  Lc^llois  and  others,  who  fuund  that  they  were  arreat^d 
by  crushing,  or  otherwise  suddenly  destroying  large  portions  of  these  centres, 
appeared  to  favour  the  siupposition.  But  it  has.  been  shown  by  Dr.  Wilson 
Philip  and  his  successors  in  the  same  inquiry,  that  the  whole  Cerebro-Spinal  axis 
might  be  (jraduali^  removed  without  any  such  consequence  ;  which  fact  harmo- 
nizes perfectly  with  the  "eiperimenta  prepared  for  us  by  Nature,"  in  the  pro- 
duction of  monsters  destitute  of  these  centres,  which  neverthelesa  possess  a  rega- 
lariy-puli^ating  heart.  Still  the  fact  of  evcry-day  occurrence,  that  sudden  and 
severe  injuries  of  the  Ccrebro-spinal  syetem  of  nerves  have  power  to  weaken,  or 
even  to  check  the  Heart's  action,  is  one  which  unmistakeubly  indicates  the  iD- 
fluence  which  this  exerts  over  the  central  organ  of  the  circulation.  We  witness 
this,  not  only  in  the  effects  of  concussion  of  the  Brain,  or  severe  injury  of  the 
Spinul  Cord,  but  also  in  the  depressing  result  of  lesions  which  affect  any  large 
part  of  the  peripheral  expansion  of  the  nerve-trunks.  Thus  a  dangerous  reduc- 
tion in  the  force  and  frequency  of  the  Heart's  contractions,  constituting  the  niort 
important  manifestation  of  what  is  known  as  Shock,  may  bo  produced  by  the 
crushing  of  a  portion  of  a  limb  (especially  of  a  joint),  by  an  extensive  bum  of 
any  part  of  the  surface  (particularly  in  children,  whose  nervous  system  is  more 
susceptible  of  such  impressions  than  that  of  adults*),  by  the  rupture  or  perfora- 
tion of  some   important  viscus  (such  as  the   lung,  stomach,  intestinal   canal, 

I  bladder,  or  uterus),  or  by  the  destruction  of  its  tissue  by  chemical  agents  (as  in 
cases  of  corrosive  poisoning).  It  is  obviously  in  the  Cerebro-Spinal  centres,  too, 
that  the  influence  must  originate,  which  ia  exerted  by  excessive  Mental  Emotions, 

'  "Cjclopiedin  of  Anatomy  bdiI  Phjsiolog;,"  vol.  U.  p.  611.  —  Thie  experiment  has 
been  iitice  repeated  bj  Prof,  Tiedemiiau  ("MuUer's  Archiv.,"  1847)  and  by  Dra,  Miicfaell 
and  Bache  (I'ruf.  Dungliaon's  "Human  Pbjsiology,"  7th  Edit.,  vol.  ii.  p.  160)  with  « 
different  result;  the  pulsattona  being  speedily  brought  to  a  stand  bj  the  exhnu^tion  of 
the  air,  *.nA  being  renewed  when  it  was  re-mltnilted.  This,  bowerer,  does  not  invalidate 
ibe  positive  fact,  that  the  pulsation  may  continue  in  vacuo,  which  proves  that  the  ftiniulua 
of  air  cannot  bo  its  maiiitaiiiihg  power;  and  only  shows  that  the  presence  of  oxygen  Lb 
essential  to  the  continuance  of  the  heart's  niovetnents,  as  to  muscular  ootion  in  general. 

'*  Tbe  large  quantity  of  stimulus  which  can  be  borne  even  by  children,  BufTcring  ooder 
severe  burns,  is  very  extraordinary.  There  can  bo  no  doubt  that  many  lives  have  been 
tHved  by  the  judicious  admiaistrBtion  of  them,  to  an  amount  which  would  have  been  i 
^on  judged  in  itself  fatal ;  but  that  many  more  have  been  sacrificed  to  neglect,  even  on 
the  pan  of  those  whose  duty  it  is  to  watch  the  indications  with  the  clouest  attention.  The 
Author's  obaervntiuus  lend  him  to  believe,  tlmt  Hospital  Nurses  very  commonly  make-up 
their  minds,  that  children  who  have  met-with  severe  burns  mutt  die ;  and  that,  unles* 
closely  watched,  (hey  do  nut  take  the  trouble  to  nse  those  toeanB  of  which  Science  and 
ii^xperience  alike  dictate  the  free  employment 
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in  depressing  or  even  checking:  the  Heart's  action,  and  in  hence  producing  a 
iitate  of  the  general  ej-etcm  closely  resetobling  that  Vfhicb  results 'from  severe 
bodily  injury. 

239.  It  has  been  asserted  by  Valentin  and  other  ezperimenters  (though  many 
more  have  obtained  none  but  negative  resulte),  that  meohanica!  irritation  of  the 
Fneumogastric  nerves,  especially  at  their  roots,  has  a  tendency  to  accelerate:  the 
heart's  action,  or  to  re-exdle  it  when  it  has  come  to  a  stand.  On  the  other  hand, 
it  is  certain  that  these  nerves  may  serve  as  the  channel  of  an  influence  of  a  very 
opposite  character;  for  the  experiments  of  31 M.  Weber,  ■which  have  been  re- 
peated by  many  others  with  the  same  effect,  have  shown  that  the  movements  of 
the  Heart  may  be  immediately  arrcshd  by  the  transmission  of  the  electric  cur- 
rent from  a  rotatinj;  magnet,  either  through  the  tSpinal  Cord,  or  through  the 
Pneumogastrics  divided  at  their  origin;  the  same  irritation,  however,  applied  to 
m  single  one  of  the  Vagi,  produced  no  effect.'  Hence  it  is  probable  that  the  in- 
fluence of  sudden  and  violent  injury  to  the  Cerebro-spinal  sysfem,  may  be  con- 
veyed through  these  tranksj  as  well  as  through  the  Sympathetic  nen-es. — Admit- 
ting, then,  that  some  influence  is  exerted  upon  the  Heart's  action  by  the  Cardiac 
branches  of  the  Pneumogastric,  it  remains  to  inquire  whether  that  influence  be 
cnnrntinl  to  its  movements ;  and  whether  these  nerves  form  the  channel  through 
which  they  are  affected  by  emotions  of  the  mind,  or  by  conditions  of  the  bodily 
^tem.  In  regard  to  the  first  point,  no  doubt  can  be  entertained ;  since  the 
regular  movemeuls  of  the  heart  are  but  little  affected  by  section  of  the  Pneumo- 
gastrics. With  respect  to  the  second,  there  is  more  difficulty  ;  since  the  number 
of  causes  which  may  influence  the  rapidity  and  pulsations  of  the  heart,  is  very 
omudderablc.  For  example,  when  the  blood  is  fon>ed-on  more  rapidly  townrda 
the  heart,  as  in  exercise,  struggling,  &.c.,  its  contractions  are  rendered  more 
frequent;  and  when  the  current  movts-on  more  slowly,  as  in  a  state  of  rest,  their 
frwfueocy  beeomes  prcjportionably  diminished.  If  the  cxintraetions  of  the  heart 
were  not  thus  in  some  degree  dependent  upon  the  blood,  and  their  number  were 
not  regulated  by  the  quantity  flowing  into  its  cavities,  very  serious  and  inevitifbly- 
fatal  disturbances  of  the  heart's  action  would  soon  renult.  That  this  adjustment 
takes  place  otherwise  than  through  t!ie  medium  of  the  nervous  centres,  is  evident 
from  the  foct,  that,  iu  a  dog,  in  which  the  Pneumogastric  and  Sympathetic  had 
been  divided  in  the  neck  on  each  side,  violent  struggling,  induced  by  alarm, 
raised  the  number  of  pulsations  from  130  to  260  per  minute.^  It  is  difficult  to 
sseertain,  by  experiments  upon  the  lower  animals,  whether  simple  emotion,  un- 
attended with  struggling  or  other  exertion,  would  affect  the  pulpation  of  the 
heart,  after  section  of  the  Pneumogjistrics ;  but  when  the  large  proportion  of  the 
Sympathetic  nerves  proceeding  to  this  organ  is  considered,  and  when  it  is  also 
remembered  that  irritation  of  the  roots  of  the  upper  cervical  nerves  stimulates 
the  action  of  the  heart  through  these,  we  can  scarcely  doubi.  tbat  both  may  serve 
as  the  channels  of  this  influence,  especially  in  such  animals  as  the  dog,  in  whiob 
the  two  freely  inosculate  in  the  neck.' 

*  "Archives  d'Anat.  G<^o^r.,  et  de  Phjeiol.,"  Jan.  184fi;  and  " Wagner's  Handworter- 
buch,"  band  iii.  abth.  2,  Art.  *'  Mnskelbewegung." 

*  See  Dr.  J.  Reid'i  "  Anat.  Phys.  and  Path.  Rcaearches,"  p.  170. 

*  [Dr.  Brovn-^^qoArd  has  observed  that  section  of  the  pnetiiDogaBtrio  nerves  is  fol- 
loweid  bj  paralyisici  and  dilatation  of  the  Mood-ve«ge]8  of  llie  bcnrt,  and  tbat  (be  excitatioo 
of  Umm  nerves  (by  galvaniam  or  otherwise)  produccB  contraction  of  tht^se  blood-vessela. 
He  axplaios  bj  this  eontractioo  tlie  stoppage  of  the  heart's  action,  vhen  the  Medulla 
Obiongata  or  the  pneamogastric  nerves  are  galvanised,  as  in  Webcr'i)  cxpcriineDts.  The 
bcAft.  according  to  Dr.  S^qu&rd's  theory,  owing  its  contractions  to  an  excitation  produced 
by  some  eletnent  of  the  bloud  existing  in  the  small  arteries  and  veins,  ceases  to  bent, 
when  the  blood  is  expelled  from  these  vessels  by  their  contraction.  If  it  ia  objected  to 
this  view,  that  the  effect  of  galvanization  ia  immediate,  and  that  the  arteries  and  veins, 
posataaing  only  fibro-musculor  cells,  cannot  contract  suddenly,  it  may  be  answered,  that 
it  b  a  fkrt  that,  although  there  are  only  organic  or  non-striated  muscular  fibres  in  these 

tbey  do  coniracl  immediately  when  the  ptieuuiogaBtric  nerves  are  galvanized ;  and:  b4 


240.  In  like  manner,  it  may  be  shown,  that  although  the  Heart's  action  con- 
tinues after  the  entire  separation  of  the  organ  from  the  chief  centres  of  the  Sym- 
pBthetiti  system,  and  therefore  cannot  be  dependent  on  any  stimulus  derived  from 
ihem,  yet  that  it  may  be  affected  by  influences  transmitted  through  their  nerre*. 
Thus  it  has  been  stated  bj  a  large  nuniber  of  experimenters,  that  galvanic  irrilati<yo 
of  the  cervical  trunks  of  the  Sympathetic,  accelerates  the  ordinary  rhjthmic&l 
niovetnents  nf  the  heart,  and  re-eicites  them  when  they  have  recently  ceased; 
and  though  the  results  of  former  researches  on  this  point  are  not  free  from  fallacy,' 
yet  the  application  of  the  electro-mngnetic  current  to  the  cervical  trunk  of  tbii 
nerve  bo  constantly  produces  the  effect,  that  there  can  be  no  lon^r  any  rea»0D- 
able  doubt  upon  this  point.  There  is  reason  to  believe,  on  the  other  hand,  that 
the  depressing  effects  of  shocl^  (§  238)  may  be  exerted  no  less  directly  through 
the  Sympathetic  than  through  the  Cerebro-spinal  system ;  and  that  considerable 
diBturbancc  may  ensue  from  lesions  of  such  parta  of  it  (at  least)  as  are  most 
nearly  connected  with  the  heart.  For  the  well-known  fact  of  sudden  death 
not  unfrequently  refltilting  from  a  blow  on  the  epitjastrio  region,  especially  afWr 
a  full  meal,  without  any  perceptible  lesion  of  the  viscera,  peoms  to  indicate  that  a 
violent  impression  upon  the  widely-spread  cseliao  plexus  of  Sympathetic  nerve* 
(which  will  be  much  more  extensively  communicated  to  them  when  the  stomach 
is  foil,  than  when  it  is  empty),  may  cause  the  immediate  cessation  of  the  Heart's 
action,  in  the  same  manner  as  a  severe  injury  of  the  Bruin  or  Spinal  Cord. 
And  a  case  has  been  put  on  record,  in  which  the  heart's  pulsations  were  occa- 
aionally  checked  fbr  an  interval  of  from  4  to  6  beats,  its  cessation  of  action 
giving  rise  to  the  mo?t  fearful  sensfitions  of  anxiety,  and  to  acute  pain  passing 
up  to  the  head  from  both  sides  of  the  chest, — these  symptoms  being  connected, 
aa  appeared  on  a  post-mortem  examination,  with  the  pressure  of  an  enlarged 
bronchial  gknd  upon  the  great  cardiac  nerve.'  The  very  difBculty  of  obtaining 
experimental  evidence  of  any  such  influence,  however,  notwithstanding  the  ex- 

ha8.digcoT«red  that  the  siaioe  thing  takea  place  in  tbe  bload-vesBcIs  of  the  ear,  when  the 
ejrinpatlietJo  aerve  is  galvaDized,  ia  tlie  cervical  region. 

If  the  riew  of  Dr.  Se(|unrd  be  correct,  we  ought  to  find  that  the  heart  will  beat,  if 
during  the  etoppage  produced  by  giilTaniiftlion  of  the  moduTla  oHongnta,  we  snbstitiite 
for  the  missing  excitation  (in  consequence  of  the  expulsion  of  the  blood  from  the  arteriw 
and  Teina),  another  aCiniQlus.  This  has  been  done,  and  it  is  found  that  a  mechanical  or 
gaNaaio  excitation  re-estublisihes  the  moTemeota  of  th«  henrl. 

Another  fact  has  beca  discore'red  b;  Dr.  S6quard,  which  he  oonftiders  very  important 
When  a  galvivnio  current  is  applied  to  the  lieart  or  to  the  pncumognstric  nerree  in  the 
neighborhood  of  this  organ,  it  is  known  that  its  pulsations  are  nnt  stopped  by  it,  and  that 
SORietimea,  on  the  contrary,  they  appear  to  be  quicker  and  stronger.  Now,  if  the  theory 
of  Dr.  Sdquard  be  right,  bow  to  explain  this  ?  It  may  be  readily  done ;  in  this  case,  the 
vesaels  of  the  heart  are  coutracited,  as  when  the  medulla  oblongata  is  galTanized, — bui  the 
ttaacular  fibres  are  directly  excited  by  the  current,  which  produces  the  same  effects  as  the 
missing  excitant  expelled  from  the  ressels.  The  truth  of  this  explanation  is  proved  by 
the  fuct  discoTcred  by  Dr.  S6qnard,  thnt  if  the  galvanic  current  is  interrupted  the  heart 
ceases  at  once  to  beat,  and  resumes  its  action  if  the  current  ia  applied  ngAiD. 

Another  very  important  fact  is,  that  if  nn  energetic  galvanic  excitation  is  applied  to  the 
Medulla  oblongata  of  a  frog,  for  ten,  fifteen  or  twenty  minutes  (sometimes  five  minutes 
are  sufficient),  the  heart,  which  had  stopped  at  once,  resumes  its  action.  This  fact,  dis- 
covered by  the  brothers  Weber,  and  unexplained  hy  them,  is  thus  explained  by  Dr. 
Sdquard.  He  says,  that  the  tcsspIb  of  the  heart,  ns  well  as  the  vessels  of  any  other  part 
of  the  body,  cannot  remain  contracted  a  very  Jong  while,  their  contractiHry  diminishing 
gradually  during  their  contraction.  He  has  seen  the  Ktime  thing  when  he  applied  gnU 
vanism  to  the  cervical  sympathetic  nerve,  the  vessels  of  the  ear  remained  contracted  fivt 
or  six  minutes,  or  a  little  more,  and  then  gradually  became  dilated,  although  the  excitation 
of  the  nerve  was  continued. — Ed.] 

'  See  Dr.  John  Retd,  m  "Cyclop,  of  Anat.  and  Phyetol.,"  vol.  ii.  p.  G18. 

•  "  Miiller's  Archiv,"  1841,  heft  iii. ;  and  "Brit,  and  For.  Med.  Rev.,"  Oct  1841.— It 
may  bo  surmised  that  in  many  cases  of  angina  ptctorit,  in  which  no  lesion  adequate  to  ac- 
count  for  death  could  be  discovered,  some  affection  of  the  cardiac  plexus  might  have  beea 
traced  on  more  careful  examiaalioa. 
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traordinary  irritability  of  the  IToart,  seems  to  show  that  the  ordinary  movementfl 
of  the  organ  are  but  little  dependent  upon  nervous  influence  of  any  kind. 

241.  The  only  centres  of  nervous  power,  to  whieh,  consistently  with  the  fore- 
goiog  facta,  the  constant  maintenance  of  the  Heart's  action  could  be  attributed, 
are  the  numerous  ganglia,  forming  part  of  the  Sympathetic  system,  which  nrc 
dispersed  through  its  substance,  but  which  are  brought  into  connection  with  each 
other,  and  with  the  cervical  and  dorsal  ganglia,  by  eommunicatiag  fibres. 
These,  it  has  been  surmised,  may  act  as  centres  of  *  reflex '  action,  and  may  thus 
keep-up  the  contractions  of  the  heart,  after  il«  complete  withdrawal  from  the  in- 
fluence of  the  Cerebro-spinal  and  of  the  principal  Svinpnthctic  centres;  just  as 
the  ganglia  contained  in  the  separated  segments  of  the  body  of  a  Centipede,  are 
cenlres  of  movement  to  the  limbs  with  which  they  remain  in  connection.  But 
this  hypothesis  does  not  give  any  real  solution  to  the  difficulty;  for  in  every  case 
of  true  'reflex'  action,  the  movement  is  excited  by  a  stimulus;  and  no  rhythmi- 
cal saocewioo  of  movements  can  be  thus  excited,  save  by  the  successive  recur- 
rence of  stimuli  at  regular  intervals,  as  in  the  act  of  Respiration.  It  is  the  con- 
tinuance of  activity  after  all  conceivable  sources  of  stimulation  have  been  with- 
drawn, which  constitutes  the  real  difficulty  of  the  case ;  and  if  the  operation  of 
such  stimuli  bo  admitted  as  the  sources  of  refiex  action,  they  may  with  equal 
propriety  be  regarded  as  direcJjy  acting  upon  the  contraotile  fibre,  —  which,  as 
already  shown,  is  much  more  amenable  to  such  direct  excitation,  than  it  is  to 
nervous  influence;  and  preserves  its  capacity  for  being  impressed  by  the  former, 
daring  a  much  longer  period  than  it  remains  capable  of  responding  to  the  latter^ 
Moreover,  the  fact  that  this  movement  is  seen  to  commence  in  the  embryonic 
heart,  when  as  yet  its  parietes  consist  of  ordinary  cells,  and  no  nervous  structure 
exists  either  in  its  own  Fubstiince  or  io  the  body  at  large,  stands  in  complete 
opposition  to  the  idea,  that  nervous  force  is  in  any  way  concerned  in  maintain- 
iDj;  this  rhythmical  action. 

242.  A  more  satisfactory  mode  of  accounling  for  the  rhythmical  movements 
of  the  Heart,  appears  to  the  Author  to  lie  in  regarding  them  as  an  expression  of 
the  peculiar  vital  endowments  of  its  Muscular  tissue.  For  so  long  as  this  li.ssue 
retains  its  integrity,  and  the  other  necessary  conditions  are  supplied,  so  long  does 
an  alternation  of  contraction  and  relaxation  appear  to  bo  the  characteristic  and 
constant  manifestation  of  its  vital  activity;  ju5t  as  ciliury  movement  is  in  cells 
of  one  class,  and  secreting  action  in  those  of  another. — But  it  may  be  said  that, 
in  attributing  to  the  muscular  structure  of  the  heart  a  self-moving  power,  we 
really  only  throw-back  the  question  into  the  obscurity  from  which  the  Physio- 
logist has'  sought  to  draw  it,'  Such  is  far  from  being  the  case,  however,  if  it  can 
be  proved  that  this  self-moving  power  is  nothing  else  than  an  exertion  of  ordi- 
nary Muscular  Contractility  under  peculiar  conditions,  and  that  analogous  phe- 
Domeoa  present  themselves  io  other  cases,'  Now  it  is  shown  elsewhere  (Princ. 
OF  Oen.  PhT8.),  that  the  contraction  of  any  Muscle  upon  the  ripplic^itton  of  a 
stimulus,  must  be  attributed  to  an  exercise  of  Vital  force  engendered  by  previous 
acts  of  Nutrition.  The  stimulus  is  not  the  source  of  the  force,  but  only  sup- 
plies some  condition  which  is  requisite  for  its  manifestation  ;  just  as  the  applica- 
tion of  the  discharger  to  the  Leyden  jar  (which  has  becti  eharged  by  the  previous 
action  of  the  Electrical  machine)  liberates,  so  to  speak,  its  pent-up  electricity, 

'  In  so  fur  as  it  attribute?  the  Ilearl'a  action  to  causes  originating  in  itself,  this  doctrine 
may  be  etigmatized  as  Dothing  else  than  the  old  notion  of  the  iuh«r«nt  '  puUitio  virtue' 
of  the  organ,  so  hnppiljr  ridiculed  bj  Moliire  and  Swift.  But  there  is  reallj  just  ihe  same 
difference  between  the  two,  a»  betveco  (he  doctrine  of  Vital  Forces,  which  it  bftn  bt>en  the 
Author's  object  to  unfold  in  this  and  the  corapanioo  Treatises,  and  (be  old  notion  of  the 
'vital  principle'  which  wns  held  to  acconnt  for  everything  not  otherwise  explicable. 

*  It  eaoaot  be  too  constantly  borne  in  mind,  in  this  and  other  instances,  that  to  frpiain 
a  pbenomeuoD  in  Physiology  or  in  any  other  ecirnce  whatever,  is  nothing  else  th&a  to  «how 
that  it  is  coofonnable  to  eotnc  gonerft)  iav,  and  thnt  it  is  thus  n  rtHQlt  of  some  prcriimsly- 
reoofnised  mw,  which  is  common  to  it  with  a  number  of  other  previously-obflerred  phe- 
ttotneoa.     (See  Mr.  John  Hill's  "System  of  Logic,"  book  iii,  chap.  xiL> 
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and  allows  tbis  to  display  itself  as  an  Bctire  force.  Now,  just  as  the  Lejden  ju 
may  be  so  charged  with  electricity,  as  to  t/ischnrge  itself  spontaneonsly,  so  ilia 
easy  to  conceive  that  a  Muswsle  may  be  so  charged  with  mntih'ty  (or  motor  force) 
as  to  execute  ppontancous  contraptions ;  and  of  the  existence  of  euch  a  conditioa, 
we  have  valid  evid(?!ncc.  For  thfrc  are  many  local  phenomena  of  cramp  aad 
spasm,  which  cannot  be  fairly  attributed  to  a  perverted  reflex  actioa  of  the  ner- 
vous system,  and  which  can  scarcely  be  referred  to  anything  else  than  an  over- 
charge of  muscular  power.  So,  again,  the  action  of  the  uterus,  as  shown  not 
merely  in  the  final  parturient  effort,  bat  in  local  contractions  that  frcqaeoUj 
occur  during  the  later  months  of  gestation  (fiimulating  the  movements  of  the 
foetus),  are  more  satiafaoforily  accountcd-for  by  considering  them  as  a  discharge 
of  accumulated  power,  than  in  any  oth<>r  mode.  And  the  reppiratory  mosclcs, 
which  are  ordinarily  excited  to  rhythmical  movement  through  the  medium  of 
the  nervous  system,  may  execute  some  such  movements  of  themselves,  when  this 
source  of  stimulation  has  been  cut-off,  and  their  motility  has  accumulated  through 
inaction.^ 

243.  It  is  not  very  difficult,  then,  to  apprehend,  that  the  ordinarv  rhythmical 
movements  of  the  lleart  may  be  due  to  a  simple  excess  of  this  motilitj,  which  u 
continually  being  supplied  by  the  nutritive  openitions,  and  is  as  constantly  dis- 
charging  itself  in  contractile  action.  And  that  thia  is  the  true  view  of  the  case, 
is  further  indicated  by  the  phenomena  uttending  the  cessation  of  the  heart's 
action.  For  if  a  stimulus  be  applied  to  it  soon  after  it  has  ceased  to  eiecuK 
spontaneous  movcmeotj<,  tbis  stimulus  is  followed,  not  (as  in  ordinary  moscla) 
by  a  single  contraction  followed  by  a  relaxation,  but  by  a  succession  of  contra©- 
tioQs  and  relaxations ;  *  thus  indicating  that  a  higher  dei^rec  of  motility  than  that 
of  au  ordinary  muscle,  still  persists  in  its  tifsue.  Gradually,  however,  the 
number  of  repetitions  becomes  smaller  and  smaller,  until  the  application  of  the 
Btiniuhis  excites  but  a  single  contractinn  ;  thus  indicating  that  the  motility  of  the 
heart  has  been  reduced,  by  the  cessation  of  the  nutritive  operations,  to  that  of 
an  ordinary  muscle.* — This  view  of  the  case  is  not  in  the  least  inconBistent  with 
the  fact,  tha*,  the  ordinary  rybtbmical  actions  of  the  heart  may  be  considerably 
modified,  both  as  to  their  rate  and  their  force,  by  stimuli  of  various  kinds 
brought  to  bear  upon  its  tissue,  either  through  the  Nervous  system,  or  by  direct 
contact.  Of  the  former  we  have  an  example  in  the  influence  of  the  emotions ; 
and  of  the  latter  in  the  violent  action  excited  by  an  unusual  rush  of  blood 
towards  the  heart,  in  consequence  of  sudden  muscular  action.* 

*  See  M.  Brown-Sdqnard,  in  "  Gniette  M^dicale,"  Dec.  Si!,  1649. 

*  This  phenomenon  hna  no  parallel  among  the  mantfcatations  of  proper  reflex  action. 

'  If  we  puBB  from  thia  comparison  of  the  Heart  with  other  muscles,  to  the  general  phe- 
nomena of  rhythmical  movement  in  th«  Animal  and  Vegetable  kingdorns,  the  proof  fai^ 
Dished  bjr  ntmlogy  that  the  ioimcdiAte  annrce  of  its  action  liea  entirelj  within  itself,  becosiM 
much  atronger.     See  Priuc.  of  Comp.  Phys.,  chap.  xii. 

*  [Ingenious  and  plausible  an  the  theory  of  the  author  Is,  it  it  open  to  some  objeotions 
"which  will  be  briefly  urged.     The  doctrine  set  forth  above,  implies  that  the  amonut  of 

'motility  in  the  heart  is  greater  thaa  in  the  other  involuntary  muscles.  If  we  can  judge 
of  ihs  amoant  of  irritability  by  ila  presence  after  death,  it  is  certainly  greater  in  the 
muscles  of  animal  life  than  in  the  heart:  and  if  the  author's  theory  were  true  we  ought 
to  see  in  them,  during  life,  the  apparently  Bpontaneous  Gontrnctionfl  which  take  place  after 
death,  for  their  irritabitily  is  greater  before  than  after  deulh.  Further,  if  the  action  of 
the  heart  depended  upon  an  excess  of  motility,  it  ought  to  beat  as  energetically  in  tscqo, 
as  in  either  hydrogen  or  nitrogen,  for  its  irritability  cannot  be  so  suddenly  deHtroyod  bj 
the  mere  exhaustion  of  the  air  {%  '2.16,  note).  The  heart  of  a  mnmrna]  will  bent  for  five  or 
ten  minuteh  in  these  gases,  and  the  heart  of  a  frog  has  been  known  to  continue  its  action 
for  u  diiy  under  the  same  conditions. 

Another  tlieory  Lbm  recently  been  advanced,  which  seems  to  harmonize  more  with  known 
facts  than  any  other  ;  it  attributes  the  action  of  the  heart  to  the  presence  of  carbonic  acid 
in  the  blund,  which,  under  some  oircumstnnci^,  is  capable  of  acting  as  an  excitant'  and 
the  arguments  in  sMpport  of  the  doctrine  are  as  follows: — ' 

'  See  "  Experimental  ttcse&rches  npplied  to  Physiology  and  Pathology,"  by  E.  Broi 
Mciuanl,  D.  M  P.  &a.,  &g.    New  York.  1853. 
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I        244.  When  the  Heart  is  exposed  in  h  livioe  animsl,  and  its  XDOvements  are 
H    attentively  watctied,  they  are  aeen  to  follow  each  other  with  great  regularity.     In 

1.  When  a  iram-blooded  animal  is  prerented  from  breathing  by  presnare  applied  to  the 
tr«che*,  it  will  b«  foand  thmt  the  action  of  the  heart  ia  notably  incrensed  for  one  or  two 
minutes,  and  this  not  oo  accoant  of  the  emotion  of  fear  in  tbeanitnal.  for  the  saaie  phe- 
•omena  take  plaee  frhen  the  animal  ba«  prerioaely  been  drprired  of  consciousnesB  by  the 
action  of  chloroform. 

The  Mnie  phenomenon  has  been  ohnerved  in  the  human  Hubject.  jr  whom  the  ^utpension 
of  respiratory  moTementa  was  attended  during  the  Uot  part  of  the  proce«,  by  an  accele- 
ration of  the  heart's  moiements;  and  thia,  too,  during  the  maintenance  of  a  tranquil 
sitting  pi^sture. 

The  effeet  of  banging  npon  the  pube  19  familiar  to  all  who  hove  observed  it;  a  decided 
ioorcaae  being  obserred,  and  this  after  coneciousness  ond  the  influence  of  emotion  hate 
entirely  disappeared. 

2.  Vr.  John  Reid  observed  that  when  the  hema-dynAmometer  wbb  introdnced  into  the 
femoral  artery  of  a  dog,  that  the  mercury  rose  in  the  itiftrnmcut  within  n  minute  after  the 
stoppage  of  the  respiration  ;  th  same  result  was  obtained  in  twenty  canes.  He  attributes  this 
re«alt  to  the  difficulty  which  black  blood  experiences  in  passing  the  systemic  capillaries. 
Thia  may  be  so  in  fact,  but  the  great  reason  is  the  increase  in  the/orrr  of  the  heart,  and 
tbia  nay  l>e  prored  by  a  simple  experiment.  If  the  hema-dynamnmeter  be  adapted  to 
the  abdominal  aorta,  and  the  chest  be  rapidly  opened^  and  a  ligature  applied  to  the  bra- 
cbial  and  carotid  arteries,  it  will  be  found,  that  in  nhdut  three  qunrters  of  a  minute  after 
opening  the  cheat,  and  half  a  minute  after  ligating  the  arteries  of  the  head  and  nrm.  that 
the  mercury  rises  notably  in  the  iustrament,  sometimes  ««  much  as  two  inches.  It  results 
from  this  experiment,  that  the  heart  beats  more  strongly  immediately  after  the  commence- 
ment of  asphyxia. 

3.  Woodall,  quoted  by  Dr.  M.  Paine,  states  that  the  best  remedy  for  srneope  is  obstrac> 
tioD  of  the  respiration  by  momentarily  closing  the  noM  snd  mouth.  If  this  be  true,  it 
accords  with  the  Tiew  stated  above,  that  during  asphyxia  the  normal  cause  of  the  beatings 
of  the  heart  accumulate  in  the  blood. 

4.  If  a  frog  be  put  under  a  receiver  containing  oxygen  at  40**  or  60"  F.,  after  its  central 
nervous  system  is  destroyed,  its  heart  wilt  continue  to  beat  for  a  long  time ;  hut  if  it  bo 
pot  into  carbooio  acid  at  the  same  temperature,  it  wilt  beat  very  quickly  at  flrsi,  but  soon 
cease. 

6.  If  semm  of  the  blood  be  injected  into  the  arteries  of  the  heart,  so  as  to  expel  com- 
pletely all  the  blood  from  the  capillaries  of  the  organ,  its  action  will  be  almost  entirely 
anspended,  not  becaase  the  muscular  irritability  is  destroyed,  for  movement  may  still  ba 
excited,  bat  baeaaae  ita  normal  excitant  has  been  removed. 

6.  When  the  heart  of  a  young  animal  is  put  into  hydrogen  gas,  its  movements  are 
aeareely  appreciably  affected  at  first,  but  they  cease  in  a  very  short  time.  When  it  ia  put 
into  carbonic  acid  gas.  its  movemeuta  are  at  first  increased  in  frequency  and  strength,  but 
they  soon  cease;  and  when  it  is  put  into  oxygen,  its  movements  are  slowly  increased  in 
freqoeocy  and  strength,  and  they  Inst  for  a  long  time.  If  hydrogen  gas  be  artificially  in- 
trodnoed  into  the  lungs  of  an  animal,  the  movements  after  a  short  time,  during  which  they 
are  woaffeeted,  go  on  steadily  diminiohing  until  they  cease. 

When  carbonic  acid  is  injected,  the  movements  are  at  first  rapidly  increased,  bat  they 
oeaae  after  a  short  time  also.  When  oxygen  is  introduced,  the  action  of  the  heart  beeomea 
slowly  reduced  in  frequency,  but  it  continues  longer  than  under  other  circumstances. 

These  observations,  carefully  conducted,  seem  to  prove  that  venous  blood,  by  the  car- 
bonic acid  which  it  contains,  is  an  excilAnt  of  the  heart's  action.  If  other  phenomena 
connected  with  asphyxia,  and  occurring  after  death  from  other  causes,  such  as  the  dif)- 
oharge  of  the  contents  of  the  intestinal  cannl,  bladder  and  uterus,  the  »pa8mod)c  action  of 
Bnaelee,  the  contraction  of  the  iris,  nifd  the  cramps  and  twitchings  of  the  muscles  in 
Cholera,  be  taken  into  consideration,  it  seems  impossible  to  deny  the  agency  of  thia 
element  in  their  production. 

The  rhytkmieal  tamtraetion  of  the  heart  is  also  explicable  by  the  same  theory.  Accord- 
ing to  the  law  diooovered  by  Bchwann,  an  exciting  cause  which  is  capable  of  producing 
oontractjoa  when  the  muscular  fibres  nre  at  full  length,  cannot  maintain  the  contraorion 
when  the  fibres  have  been  shortened,  the  fibre  consequently  relaxes  and  dilatation  ensues. 

The  same  fact  may  be  presented  in  other  words,  vis.,  that  the  resistance  to  contraction 
originating  in  the  displacement  of  the  constituent  particles  of  the  contractile  tisHues,  in- 
creases inversely  as  the  shortening  of  the  fibres,  so  thnt  after  the  fibres  have  contracted 
under  the  influenoOvof  the  exciting  cause,  although  the  cause  may  continue  to  act,  dila- 
tation ia  produced  by  the  force  resulting  from  the  resistance,  or  in  other  words  by  elas 
(ioity.  If  the  exciting  cause  of  the  contraction  were  a  considerable  one,  there  would 
rcaolt  a  permanent  contraction;  and  it  is  so  when  galvaninD  is  applied,  elusticity  then  not 
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•n  active  and  vigorous  state  of  tbe  oirculatioD,  however,  they  are  so  linked  toge- 
ther, that  is  not  easy  to  distinguish  them  into  periods;  both  Auricles  oontnct- 
ing,  and  also  dilating,  simultaneously;  and  both  Ventricles  doing  the  same. 
The  nystole  or  cotitractioa  of  the  Ventric«'8  corresponds  with  the  projection  of 
blood  into  the  arteries ;  whilst  the  dianlole  or  dilatatiuo  of  the  Ventricles  coin- 
tides  with  the  collapse  of  the  arteries.  The  contraction  of  the  Ventricles,  and 
that  of  the  Auricles,  alternate  with  one  another;  each  taking  place  (for  the 
most  part,  at  Ifjist),  during  the  dilat^ition  of  the  other.  But  there  is  a  period 
durinj;  which  the  Auricles  and  Ventricles  of  both  sides  are  dilating  together. 
TViis  oc<'ura  durinj;  tbe  Erst  part  of  the  Ventricular  diastole;  for  at  the  concli 
sioD  of  tbe  systole^  the  Auricles  are  far  from  being  completely  filled,  and  th 
go-nu  receiving  an  additional  supply  from  the  great  Veins  (a  portion  of  whiol 
however,  passes  at  once  into  the  Ventricles)  until  after  the  middle  of  the  Vea- 
tricular  diastole,  by  which  time  they  become  fully  distended  and  immediately 
contract.  The  contraction  of  tbe  Auricles  is  eynebronous,  therefore,  with  onl; 
the  second  stage  of  the  Ventricular  diastole ;  and  their  dilatation  is  going 
during  tbe  whole  period  of  the  Ventricular  systole.  Thus  whilst  the  entii 
period  thfit  intervenes  between  one  pulsation  and  another,  is  nearly  equal' 
divided  between  the  systole  and  diastole  of  tbe  Ventricles,  the  division  is  ve' 
unequal  as  regards  the  Auricles;  scarcely  more  than  one-eighth  of  the  whole 
being  occupied  in  their  contraction,  and  the  remainder  being  taken-up  by  their 
dilatation.  The  following  tabular  view  will  perhaps  make  the  relatioos  of  tbe 
several  parts  of  this  series  more  intelligible  : — 
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246.  In  the  tt/«toie  of  the  Ventricles,  their  surface  becomes  rugous ;  the  su- 
perficial veins  swell;  the  carneae  columnsQ  of  the  left  ventricle  are  delineated; 

being  Bufficientlj  powerful  to  produce  dilatatioD.  Bat  witb  s  weak  excitiDf;  eaiUF,  inch 
as  curbouic  uold,  tbe  result  is  diierent.  When  tbat  cause  is  more  powerful,  as  in  acpb/iia, 
the  Bborteaing  of  tbe  fibres  takes  place  more  rapidly,  and  ia  more  decided  ;  but  even  then 
it  ia  not  sufficient  to  maintain  oontractton,  the  tendency  to  dilatation  being  at  tbe  lanie 
time  increased. 

It  fihuuld  be  Bt&tei]  in  tbia  oonneotion,  that  the  excitant  oaase  is  not  at  all  times  equally 
powerful.  The  small  blood-fessels  and  the  capillaries  being  comprested  during  rouscalar 
contraction,  there  is  at  that  time  a  diminution  of  excitation  ;  this  ta  in  itself  sulfioient  to 
explain  the  alternate  contraction  and  dilatation,  although  the  amount  of  diminution  of 
r^libre  iniiBl  be  very  Httle,  if  it  exist  at  all,  in  eume  organs,  as  for  iuat&nce  in  tbe  b 
ffhen  composed  of  cells  only. 

It  may  be  asked  bow  it  is  that  tbe  heart  is  tbe  only  muscle  containing  striated  naoscul 
fibre*  which  presents  rhythmical  movements f  To  this  it  may  be  replied,  that  tbe  intensity 
of  the  stimuli,  the  degree  of  irritability,  and  the  resistance  which  a  muBcie  has  to  over- 
come when  It  contracts,  are  three  elements  which  should  not  be  lost  sight  of  when  tbe 
oomparative  action  of  muscles  is  examined.  Suppose  the  heart  poweases  tbe  same 
Hmount  of  irritabitity  as  another  muscle;  if  the  atiinulus  is  the  eame,  and  the  resistance 
the  same  in  both,  the  result  will  be  the  same.  But  if  the  stimulus  be  greater  in  the  heart, 
and  tbe  resistuDce  lesv,  then  with  the  same  amoi^t  of  irritability,  or  even  less,  in  tbe  heart 
than  in  the  other  muscles,  the  heart  will  respond  and  not  the  other  muscles.  Now,  a 
simple  examination  of  the  vestsela  of  the  heart,  proves  that  they  contain  more  blood,  aad 
consequently  a  greater  amount  of  eliniulus  than  the  other  striated  muscles,  MoreoTer,  M 
the  heart  is  not  inserted  into  heavy  bones  to  be  mored,  it  boa  less  resiitanoo  to  OTercoma 
than  the  musctcs  of  animal  life,  There  are  some  muscles,  such  as  those  of  the  face  and 
the  diiiphrngm.  which,  being  almost  without  external  resistance,  are  more  easily  moved 
both  before  and  after  death,  than  the  rau.scles  ut  the  limbs.  On  this  account,  therefore, 
although  there  is,  in  all  the  muscles  of  tbe  body,  a  principle,  which  is  an  exciting  cause 
of  contraction,  no  contractions  take  place,  either  because  the  quantity  is  not  sufficient,  or 
because  tbe  resiBtanco  is  greater  in  many  muscles  than  it  is  in  tbe  heart. — £d. 'j 

'  For  a  fuller  expoBition   of  this   theory,  see   Dr.   Brown-S^quard  in  the  "Mediea 
Sxamioer,"  1853. 
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and  ihe  curved  fibres  of  the  conical  tertbination  of  the  left  ventricle,  which  alone 
constitutes  the  apex  of  the  heart,  become  more  manifest.'  During  their  contrac* 
tioD,  the  fonn  of  the  Ventricles  undergoes  a  very  marked  chanpe,  the  apex  of 
the  heart  being  drawn-up  towards  itji  base,  and  its  whole  »hape  becoming  much 
more  globular.  The  movement  of  the  apex,  however,  ia  by  no  means  a  simple 
elevation;  for,  owing  to  the  peculiar  arranj:;en)eDt  of  the  Bbres  of  this  part  of 
tbc  heart,  it  is  made  to  describe  a  spiral  curve  from  ri^ht  to  left,  and  from  bcLiod 
forwards.  It  is  to  this  change  in  the/'/j-m  of  the  heart,  and  in  the  position  of 
its  apex,  rather  than  to  change  in  the  place  of  the  orjjan  as  a  whole,  that  we  are 
to  attribute  its  impulse  against  the  parietes  of  the  chest;  for  if  any  advance  and 
reccdence  do  take  place,  from  the  various  causes  which  have  been  assigned  by 
different  observers  (such  as  the  pre.ssure  of  the  blood  in  the  direction  opposite  to 
that  of  the  orifices  through  which  it  is  being  impelled,  the  tendency  of  tbe  aorta 
to  straighten  itself  when  distended  with  blood,  and  the  elastic  recoil  of  the  parta 
about  the  base  of  the  heart),  this  must  be  extremely  trifling  in  its  amount,  since 
all  these  causes  require  distension  of  the  orpan  with  blood  for  their  operation, 
and  the  tiltiog-forward  of  the  lower  part  of  the  heart  still  ensues  when  its  apex 
has  been  cut-off,  and  when  no  such  tension  can  be  exercised.  — The  diastole  of 
the  ventricles,  according  to  Cruveilheir  (loc.  cit-),  has  the  rapidity  and  energy 
of  an  active  movement ;  triumphing  over  pressure  exercised  upon  tbe  organ,  so 
that  tbe  hand  closed  upon  it  is  opened  with  violence.  This  is  an  observation  of 
great  importance;  and  it  concurs  with  obser^'ations  made  upon  tbe  heart  when 
emptied  of  blood,  to  show  that  the  diastole  is  not  a  mere  relaxation  of  the  mus- 
cular fibres,  permitting  the  cavity  to  be  distended,  but  is  effected  by  some  power 
inherent  in  the  walls  themselves.'  Even  the  dilatation  of  the  Auricles  sfpeara 
to  be  much  greater  than  can  be  »ccounted-for  by  any  vi»  a  lertjo  of  the  blood 
(which,  as  will  be  shown  hereafter,  is  extremely  small  in  the  venous  system),  or 
by  (he  elasticity  of  its  substance;  for  it  was  observed  in  this  case  to  be  so 
marked,  that  the  right  auricle  seemed  ready  to  burst,  so  great  was  its  distension, 
and  so  thin  were  its  walls.  IVIoreover,  the  large  veins  near  the  heart  contract 
iiimultaaeously  with  the  auricle,  and  not  whilst  it  is  dilating;  so  that  they  can 
have  no  influence  in  causing  its  distension. 

246.  The  course  of  the  circulating  fluid  through  the  Heart,  and  the  action  of 
its  different  valves,  will  now  be  briefly  described. — The  Venous  blood  which  is 
returned  by  the  ascending  and  descending  Vena  Cava,  enters  the  ritjht  Auricle 
daring  its  diastole  (Fig.  S4) ;  part  of  it  flows-on,  as  already  mentioned,  into  tbo 
right  Ventricle  during  the  earlier  portion  of  its  diastole ;  but  the  Aurick,  being 
filled  before  the  Ventricle,  then  contracts  and  discharges  its  contents  through  the 
trica«pid  valves  into  the  Ventricle,  which  it  thus  completely  distends.  The 
reflux  of  blood  into  the  veins  during  the  auricular  systole,  is  impeded  by  the 
contraction  of  their  own  walls,  and  by  the  valves  with  which  they  are  furnished ; 
but  these  valves  are  so  formed,  as  not  to  close  accurately,  especially  when  the 
tubes  are  distended ;  so  that  a  small  amount  of  reflux  usually  takes  place,  and 
this  is  much  increased  when  there  is  any  obstruction  to  the  pulmonary  circulation. 
Whilst  tbe  ri^jht  Ventricle  is  contracting  upon  tbe  blood  that  has  entered  it,  the 
cameK  columnee,  which  contract  simultaneouBly  with  its  proper  walls,  put  the 
cKordx  tendinea  upon  the  stretch ;  and  these  draw  the  flaps  of  the  Tricuspid 
valve  into  the  auriculo-ventricular  axis.  The  blood  then  getting  behind  them, 
and  being  compressed  by  the  contraction  of  the  ventricle,  forces  the  flaps  together, 
In  such  a  manner  as  to  close  the  orifice ;  but  they  do  not  fall  suddenly  against 

*  S«c  tbe  account  given  by  M.  CruTellfaeir  of  a  remarkable  Cftse  of  £ctopia  Cordis,  in 
*<Oai«tte  M^dicale,"  AoQt  7,  1841. 

•  Tbe  only  power  whose  existerce  bos  been  hitherto  admitted,  as  competent  to  prodnce 
roeb  ao  effecc.  is  tbe  tUiiieily  of  tbe  tieaueB  composing  the  walls  of  the  heart.  The 
Author  would  eaegest,  however,  whether  there  may  not  exist  in  Muscle  an  active  farce  of 
eliiDgatioo,  as  well  as  aa  active  force  of  contraction;  arising  from  the  mutual  rq>uUion  of 

whose  mutual  attraction  is  the  occasion  of  the  shortening. 
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Tbe  An&tcmj  of  the  no&rt:  1,  titie  right  anriote;  2,  the  entraooe  of  the  inperior  rtn*  an; 
8,  the  entranco  of  the  inferior  oara;  4^  the  opeiiiag  of  the  oorooarj  vein,  half  oloevd  b/  the  eoro- 
H»ry  raWe;  5,  the  EaatMhian  rilre;  fl,  the  (oma  oTalig,  luiroanded  by  the  annulue  ovAlii ;  T. 
the  tabertmlum  Loweri;  B,  the  mujculi  poctinali  ia  the  appendix  auricula;  9,  tbo  uuricalo-Tta- 
tricalar  opening;  10,  the  cavity  of  the  right  vootricio;  11.  the  tricuspid  valre,  »tt«eh<>d  by  th« 
ebordie  tendinem  to  the  caroeie  columnge  (12) ;  13,  the  puttnonnry  nrtery,  gaarded  at  its  con- 
ra«neem«nt  by  three  lemilunar  valres;  14.  the  right  pulmonary  artery,  pa«tin|^  be«eatb  the  areb 
and  behind  tbe  aaaendiog  aorta:  15,  the  left  pulmonary  artery,  crossing  in  front  of  tb«  dtMMid* 
ing  aorta;  *,  the  reinaias  of  the  ductos  artenosua,  acting  as  a  lif^ament  between  the  pulBMMiT 
»rtcry  and  aroh  of  the  aorta;  the  arrowa  mark  the  cour«e  of  tho  venoui  blood  tbroagb  tbe  rigbl 
tide  of  the  heart;  enterrag  tba  auricle  by  tbo  iiupcriar  and  inferior  cava,  it  paaaei  thronsh  tlit 
auricoIoTentriauliu'  opening  into  tho  ventricle,  and  thence  through  the  pulmonary  arl«ry  to  the 
langi;  IS,  the  left  auricle;  17»  the  openings  of  the  fuur  pulmonary  reins  ;  18,  the  anricato-Teo- 
trioalar  opeitiDg;  19,  the  left  ventricle  ;  20,  the  mitral  vnlve,  attached  by  its  chordie  teodina*  to 
two  large  oolumnoD  comena,  which  project  from  the  vralle  of  the  Teutride ;  SI,  tbeeammnieeoeiil 
ftod  eourae  of  the  aaoooding  aorta  behind  the  pulmonary  artery,  marked  by  an  arrow  ;  tbe  fb- 
tranM  of  tha  vessel  is  guarded  by  three  semUnnar  Talve* ;  22,  the  arch  of  tbe  aort*.  Tbe  eont- 
]Huiitlre  tbLeknest  of  the  two  Tentriotes  ia  shown  in  tbe  diagram.  The  course  of  the  uisriii 
blood  through  tbe  left  aide  of  the  heart  is  marked  by  arrows.  The  Mood  is  brooglit  from  Ihs 
lunga  bj  the  four  pulmonorj  veins  Into  tbe  left  auricle,  and  passes  through  ibe  aaricalo>vmtri> 
eular  opening  into  tbe  left  ventriole,  wbenoe  it  is  conveyed  by  tho  aurta  to  every  port  of  tb*  ^oij-} 

each  other,  as  is  the  case  with  the  semiluaar  valves,  since  they  are  restraioed  bj 
the  chordae  tendinea);  whence  it  ia  that  no  eound  ia  produced  bj  their  cloran. 
The  blood  is  expelled  by  the  ventricular  syaiolo  into  the  Pulmonary  Artery,  which 
it  distenda,  posting  freely  through  ita  f^euitlunar  valves;  but  as  soon  as  the  vU  a 
teryo  oeasea,  and  reflux  might  take  place  by  the  contraction  of  the  arteriiU  wolU, 
the  valves  are  filled-out  by  tho  backward  tendency  of  tbe  blood,  and  completely 
check  the  return  of  any  portion  of  it  ioto  the  ventricle,  Tbe  bWod,  after  haviog 
circulated  through  the  lungs,  returns  as  Arteriiil  blood,  by  the  Pulmonary  Veins, 
to  the  hjl  Auricle ;  whence  it  passes  throu|;h  tbe  Mitral  valve  into  the  leji  Veo- 
triclc,  and  thence  into  the  Aorta  through  its  Semilunar  valves, — in  (he  ssme 
manner  with  that  on  the  other  side,  as  ju£:t  described. 

247.  There  are,  however,  some  important  differences  in  the  atruoture  tod 
functional  actions  of  the  two  divisions  of  tbe  Heart,  which  should  be  hsn 
adverted-to. — The  walls  of-  the  /c/i  Ventricle  are  considerably  thicker  thaa  Uumb 
of  the  right ;  and  its  force  of  contraction  ia  ranch  greater.  The  following  are 
the  comparative  results  of  M.  Bizot's  measurements,'  taking  the  average  of  Males 
from  IG  to  79  years : — 

'  "  M<m.  de  la  Soo.  M^dio.  d'Obserratioa  d«  Paris,'*  torn.  L 
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Ba«w. 


Left  Vontriole. ....<».». ..4^    lines 

Kight  Ventricle ^ ll|  lines 


MIddlt. 
6^  lioes 
1|  lines 


Ipaz. 
8f    lines. 
IJ.  lines. 


In  the  Female,  the  average  thicknesa  is  sonn?what  less.     It  vill  be  seen,  that  the 
point  of  preatest  thickness  in  the  left  Ventricle  \a  near  its  middle ;  while  in  the 
rvjht,  it  is  nearer  the  baae.     The  thickness  of  the  former  goes-on  increasing 
during  all  periods  of  life,  from  yoath  to  advanced  age ;  whilst  that  of  the  right  is 
nearly  stationary,     The  Irft  Auricle  ia  somewhat  thicker  than  the  riffht;   the 
average  thickness  of  the  former  being,  according  to  Bouillaud,  a  line  and  a  half; 
whilst  that  of  the  latter  ia  only  a  line.     In  regard  to  the  relative  capacities  of 
the  ripht  and  left  cavitiea,  much  difference  of  opinion  has  prevailed.     The  right 
Auricle  is  generally  allowed  to  be  somewhat  more  capacious  than   the  Iv/t }  and 
the  same  is  commonly  taught  of  the  n'fjhi  Ventricle.     So  much  fallacy  may  arise, 
however,  from  the  peculiar  condition  of  the  animal  at  the  moment  of  death,  that 
this  is  not  easily  proved,  and  is  indeed  by  no  meanp   certain. — The  average 
capacity  of  the  cavities  may  be  estimated,  in  the  fult-sized  Heart,  at  about  three 
ounces;  that  of  the  Auricles  being  probably  a  little  lessj  and  that  of  the  Ven- 
tricles a  little  greater.     It  has  been  sbrtwn  that  the  Ventricles  receive  more  blood 
from  the  Auricles,  than  the  latter  could  traniimit  to  them  by  simply  emptying 
themBclves  once.^ — There  is  a  well-known   anatomical   difference   between  the 
auriculo-ventricular  valves  on  the  two  aides,  which  bag  given  rise  to  the  diversity 
of  name;  and  this  seems,  from  the  researches  of  Mr,  King,'  to  be  connected 
with  an  important  functional  difference.     The  Mitral  valve  clones  much  more 
perfectly  than  the  Tricuspid;  and  the  latter  is  so  constructed  as  to  allow  of  con- 
siderable reflux,  when  tbe  cavities  are  greatly  distended.     Many  occasional  causea 
tend  to  produce  an  accumulation  of  blood  in  the  venous  Byatem,  and  in  the  right 
side  of  the  Heart;    thus,  any  obstruction  to   the  pulmonary  circulation,  cold, 
compression  of  the  venous  system  by  muflcular  action,  &c.,  arc  known  to  favour 
such  a  condition.     This  ia  a  state  of  peculiar  danger,  from  a  liability  which  over- 
distension of  the  Ventricular  cavity  has,  to  produce  a  state  of  uiuseular  paralysis; 
and  in  the  stmcture  of  the  Heart  itself,  there  seems  to  be  a  provision  against  it. 
For,  when  the  ventricle  is  thus  distended,  the  Tricuspid  valves  do  not  close  prop- 
erly; and  a  reflux  of  blood  is  permitted,  not  only  into  the  Anriole,  but  also 
(through  the  imperfect  closure  of  their  valves  under  the  same  circumstances) 
into  the  large  veins.     This  is  proved  by  the  fact  several  times  observed  by  Dr. 
J.  Reid  in  his  eiperimenta  upon  Asphyxia,  &c.,  that  when  the  action  of  the  right 
ventricle  had  ceased  from  over-distension,  he  could  frequently  re-cicite  it,  not 
merely  by  puncturing  its  walk,  but  by  making  an  opening  in  the  jugular  vein.' 
This  fact  evidently  afforda  an  indication  of  great  importance  in  the  trentmoot  of 
Asphyxia;  and  it  explains  the  refinx  of  blood,  or  v*^nmi$ pulte^  which  is  frequently 
observed  in   casea   of  pulmonary  disease,  and  which,  according  to  Mr.  King, 
always  exists  even  in  health,  though  in  a  less  striking  degree. 

248.  When  tho  ear  is  applied  over  the  cardiao  region,  during  the  natural 
movementa  of  the  Heart,  two  successive  soundt  are  heard,  each  pair  of  which 
corresponds  with  one  pulsation ;  there  is  also  an  inierx^al  of  tiknce  between  each 
recurrence,  and  the  sound  that  immediately  follows  this  interval  ia  known  as  the 
^rxt  Bound,  the  other  as  the  sprrmd.  — The  Jirnt  sound  is  dull  and  prolonged;  it 
is  evidently  synchronous  with  the  impulse  of  the  Heart  against  the  parietes  uf 
the  che.«t,  and  also  with  the  pulse,  as  felt  near  the  heart;  it  must,  therefore,  bo 
produced  during  the  Ventricular  Systole. — ^Tbe  second  sound,  which  ia  short  and 
sharp,*  follows  so  immediately  upon  the  conclusion  of  the  first,  that  it  cannot 
take  place  during  the  auricular  systole  as  some  have  supposed,  but  must  be  as- 

•  "Quj's  Hospital  Reporti,"  vol.  ii. 

•  "  Phjiloi,  Anatom,,  and  Pathol.  ResearcheB,"  chap.  iii. 

'  The  difference  between  these  two  souniis  is  well  expressed  (u  Dr.  C.  J.  B,  Williams 
hM  remarked)  by  articulating  the  Byllablna  lubb,  dap. 
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8ignc«l  to  the  first  stage  of  the  ventricular  diastole,  when  the  auricles  also  are 
dilatirije. — With  rognrd  to  the  relative  duration  of  the  ttro  sounds,  and  of  the 
intrnntl,  widely  different  estimates  have  been  formed.  Thus  LaeoDec  considered 
the  Ictitiths  of  the  peri'jKls  of  «juud  and  silence  to  be  respectively  3-4tha  aod 
14th  of  the  whole  interval  between  one  pulse  and  another;  by  l>r.  Williatna, 
and  by  Barth  and  Roper,  the  relative  lengths  of  tbeee  periods  have  been  esti- 
mated at  2-3rds  and  1-Srd  ;  whilst  the  recent  experiments  of  Volkmann  '  (made 
by  adjusting  two  pendulurua  to  vibrate  precisely  in  the  two  periods)  indicate  that 
tbey  are  almost  precisely  equal, 

'24l'l.  The  causes  of  these  Sounds,  and  more  e^ipecially  of  the  Jirnt,  have  been 
the  subjects  of  much  discussion.  A  number  of  very  distinct  actions  are  taking- 
place  during  the  period  of  the  production  of  the  latter;  and  each  of  the«e  hu 
lieea  separately  fiied-on  as  competent  to  produce  it.  Thus  we  have  (a)  the  im. 
pulse  of  the  heart  against  the  parietes  of  tbo  chest;  (b)  the  contractioD  of  the 
mu-scuhir  walls  of  the  ventricles;  (c)  the  tension  of  the  valves  of  the  auriculo- 
■ventricular  orifices,  and  the  backward  impulse  of  the  blood  against  them ;  (</) 
the  rush  of  blood  through  the  narrowed  orifices  of  the  aorta  and  pulmooarj 
artery ;  and  (e)  the  general  molecular  collision  of  the  particles  of  the  blood 
amonf^t  each  other,  and  their  friction  against  the  walls  of  the  ventricles.  Each 
of  thcHC  causes  has  probably  sotue  share  in  the  production  of  the  result 

a.  That  the  first  sound  is  prtly  due  to  the  impuhr.^  seems  proved  by  the  fact, 
that  when  the  impulse  is  prevented,  by  the  removal  of  the  portion  of  the  wall 
of  the  chest  against  which  it  takes  place,  the  eound  is  much  diminished  in  in- 
tensity ;  and  also  by  the  circumstance,  that  when  the  ventricles  contract  with 
vigour,  the  greatest  intensity  of  the  sound  is  over  the  point  against  which  th* 
impulse  takes  place.  Moreover,  the  prolonged  nature  of  the  sound  is  by  no 
means  inconsistent  with  this  view;  since  the  impuls^e  is  not  a  mere  stroke,  so 
much  as  a  continued  pressure.  But  that  the  sound  ia  not  entirely  due  to  tfaii 
cause,  is  also  evident  from  the  fuct,  that  it  may  still  he  heard  when  the  heart  is 
contracting  out  of  the  body,  or  when  the  impulse  cannot  take  place. 

b.  That  the  sound  is  partly  mnsi;ular,  that  is,  produced  in  the  act  of  tnascular 
contraction  (probably  by  the  friction  of  the  particles  of  the  muscle  against  each 
other,  see  Princ.  of  Gen.  Phys.  Am.  Ed.),  would  appear  from  the  fact,  that  it  naaj 
be  still  perceived  aflcr  the  heart  has  been  removed  from  the  body  and  completely 
drained  of  its  blood. ^  But  that  this  is  not  it.s  only  source,  is  shown  by  the  great 
diminution  in  its  intensity,  which  is  observable  under  such  circumstances. 

c.  That  the  sudden  tensmi  of  the  auriculo-veutricular  valva,  with  the  reflux 
of  the  blo<jd  against  them,  at  the  commencement  of  the  ventricular  systole,  is  a 
cause  of  sound,  would  seem  to  be  indicated  by  the  analogy  of  the  semilaoai 
valves;  and  an  experiment  by  Valentin,'  in  wliioh  a  sound  in  some  degree  re- 
sembling the  first  sound  of  the  heart  was  produced  by  the  impulse  of  fluid  against 
a  tense  tnembrane,  has  been  adduced  in  confirmation  of  this  view.  But  it  is  to 
be  borno  in  mind,  that  these  valves  cannot  close-together  with  the  same  sudden- 
ness OS  do  the  semilunar,  being  restrained  by  the  spring-like  toDsioo  of  th« 
earncas  columnai;  and,  moreover,  even  admitting  a  sound  to  be  produced  bj 
their  closure,  such  a  sound  would  be  momentary^  and  would  not  possess  the  pro- 
longed character  of  the  true  first-sound.  Still  it  ia  not  improbable  that  the 
tension  of  these  valves  serves  to  augment  by  resonance  the  sounds  produced  in 
other  ways. 

d.  That  the  ruth,  of  blood  through  the  narrowed  orifices  of  the  great  arterial 
trunks  is  really  a  cause  of  sound,  is  indicated  by  the  results  of  experiments  mode 
upon  tubes  out  of  the  body,  and  upon  large  blood-vessels  through  which  the 

'  "Die  Harnodynarojk,  nach  Versuchen,"  p.  364. 

*  See  the  '  Report  of  the  Lonriou  Committee  upon  the  Sounds  of  the  Heart,'  in  the 
**  Trans,  of  Brit,  ABgoo.,"  for  IMG. 

*  •*  Lehrbucb  der  PhjaJologie,"  band  t.  p.  427. 
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blood  ia  circulating;  for  any  diminution  of  the  calibre  of  a  tuhe  tlirough  which 
fluid  is  rapidly  moving,  gives-rise  to  a  continuous  nmrrour.  And  that  this  cause 
18  in  operation  in  the  heart,  is  Bpeciallj  indicated  by  the  ohserrations  of  Cru- 
Teilhier  upon  the  case  already  cited  j  for  he  noticed  that  (the  effect  of  the  im- 
pulse being  there  in  abeyance)  the  preatest  intensiity  of  the  first  sound  was,  like 
that  of  the  second,  at  the  base  of  the  heart,  in  the  region  from  which  the  great 
VMsels  originate ;  whilst  he  could  discover  no  production  of  Bound  in  the  region 
of  the  auriculo-ventricular  valves. 

*".  Lastly,  that  the  colUsirm  of  the  particles  of  the  blood  with  each  other,  and 
with  the  tense  muscular  parietes  of  the  heart,  together  with  \i&  moveniont  over 
the  inequalities  of  the  internal  surface  of  the  ventricle,  will  become  a  cause  of 
sound,  may  be  Bu?pectcd  from  what  happens  elsewhere,  and  more  especially 
from  the  production  of  a  very  distinct  sound  by  the  movement  of  blood  in  the 
interior  of  an  aneurism  ; '  but  that  tbia  cause,  if  it  have  a  real  existence,  is  much 
inferior  in  potency  to  the  preceding,  appears  from  the  fact  that  it  cannot  be  dis- 
tiogniched  from  it ;  and  that,  neither  separately  nor  combined,  do  thpy  give  a 
sofficient  account  of  the  phenomenon,  is  obvious  from  the  persistence  of  a  sound 
after  the  heart  has  been  completely  emptied  of  its  blood. 

250.  It  is  only  by  thus  regarding  the^r«<  boutkI  as  made  up  hj  several  factors, 
that  we  can  adequately  account  for  the  operation  of  Pathological  causes  in  modi- 
^ng  it;  since  the  greater  part  of  the  bruits  and  tnurwinrn  that  are  produced  by 
morbid  changes  in  the  Heart  and  in  its  yalves,  are  really  modifications  of  the 
natural  sound,  not  additions  to  it. 

251.  That  the  second  sound  is  produced  in  the  act  of  closure  of  the  Berailunar 
Talves,  is  now  almost  universally  admitted;  the  simple  hooking-back  one  of  these 
Talves  by  a  curved  needle  agiiinst  the  side  of  the  artery,  so  as  to  permit  a  reflux 
of  blood  into  the  ventricle,  being  sufficient  to  suppress  this  sound  altogether. 
Whether  it  proceeds  from  the  tension  of  the  valves  themselves,  or  from  the  re- 
coil of  the  blood  against  them,  or  from  both  causes  combined,  has  not  been 
clearly  determined  ;  probably  the  last  is  the  true  account  of  it. — When  the  first 
aouod  is  altered  by  disease  of  the  semilunar  Talves,  occasioning  obstruction  to 
the  exit  of  blood,  the  second  sound  also  is  affected  io  its  character ;  and  if  the 
disease  be  of  such  a  kind  as  to  prevent  these  valves  from  effectually  clostng,  a 
reflux  of  blood  takes  place  into  the  ventricle  at  the  time  of  its  diastole,  causing 
a  rushing  sound  that  is  analogous  to  the  ordinary  first  sound,  or  to  some  of  its 
modifications.  Thus  the  second  sound  may  corae  to  acquire  so  completely  the 
character  of  the  first,  that  it  is  difficult  to  distinguish  the  two  in  any  other  way, 
than  by  the  synchronousncss  of  the  first  with  tbo  heart's  stroke  and  with  the 
pulse  in  the  arteries." 

252.  There  seems  adequate  reason  to  beUeve  that  the  whole,  or  very  nearly 
the  whole,  of  the  blood  contained  in  the  YeDlricles,  is  discharged  from  them  at 
each  systole;  for  the  left  ventricle  is  very  frequently  found  quite  empty  after 
death ;  and  if  a  transverse  section  be  made  through  the  heart,  when  in  a  state 
of  well-marked  rigor  mortit  (wliich  may  be  considered  as  represetiting  its  ordi- 
nary  state  of  complete  contraction),  the  ventricular  cavity  is  found  to  be  entirely 
obliterated.'  From  the  capacity  of  the  cavity  in  its  state  of  fullest  dilatation,  it 
can  Bcaroely  be  admitted  that  much  more  than  3  oz.  of  blood  can  be  propelled 
by  either  ventricle  at  each  systole;*  and  thus,  if  we  estimate  the  whole  amount 

'  See  the  '  Report  of  the  Dublin  Committee  of  the  BritiBh  Aflsociation,'  loc-  cit. 
'  On  the  BDbjcct  of  the  Sounds  of  tho  Heart,  the  TariouB  treatises  on  Ausciiltotion  and 
on  DiseKses  of  the  Heart,  by  WsllinmH,  Blakiston,   Hughes,  Wslshe,  Bavies,  Dcllinghatn, 
§tokn,  Skoda,  Barth  and  Roger,  Weber,  And  others,  may  be  adTantngeoualy  coDoulted; 
MC  klao  the  account  of  Hamernjk'B  iiiTCstigatvons  in  the  *'  Edinb.  MonthI}'  Journal,"  Jan., 
1849:  and  those  of  Kiwisch  in  the  '■  Brit  and  For.  Med.-Chir.  Ret,"  April,  1852. 
•  Kirkes  and  Pafret'a  "  Handbook  of  Physiologj',"  2nd  edit,  p.  PO,  Am.  Ed. 
The  total  qaantitydigoharged  from  either  ventricle  of  the  human  Heart  at  each  Bjstole, 
iPtted  bj  Valentio  at  6-3  ot.,  and  by  Volkmaan  at  6-2  os. ;  but  these  accounts  are 
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of  tlood  at  18  lbs.  (§  155),  this  ^¥ou]<^  require  96  strokes  for  its  passage  tLroo^h 
either  side  of  the  heart ;  or,  reckoning  72  pulsations  to  a  miDute,  the  time  elip- 
Bing  before  any  particle  could  returo  to  a  given  point  aAcr  once  pawing  it  (tup- 
posing  it  not  to  be  eent  elsowhere),  would  be  IJ  minute.  Between  anj  such 
estimates,  however,  and  those  which  are  founded  upon  experimental  inqairy  into 
the  time  required  for  the  passage  of  substances  introduced  into  the  circulating 
current  from  one  part  of  the  system  to  another,  there  is  a  discrepancy  which  it 
18  Tcry  diflScult  to  reconcile.  The  earliest  of  eueh  experiments  were  those  of 
Hering,'  who  endeavoured  to  ascertain  the  rapidity  of  the  circulation,  by  intro- 
ducing prussiate  of  potash  iuto  one  part  of  the  system,  and  drawing  blood  fn>in 
another.  He  states  that  he  detected  this  salt,  in  blood  drawn  from  one  of  the 
jugular  veins  of  the  Horse,  within  20  or  30  secondB  after  it  had  been  introduced 
into  the  other  j  in  which  brief  space  the  blood  must  liave  been  received  by  ibe 
heart,  Diust  have  been  traugmittcd  through  the  lungs,  have  returned  to  the  besTt 
a|EBin,  have  been  sent  through  the  carotid  artery,  and  have  traversed  its  capil' 
laries.  From  experiments  of  a  simiJar  nature  upon  other  veins,  be  states  tbtt 
the  salt  passed  from  the  jugular  vein  into  the  saphena  in  20  seconds;  into  the 
masseteric  artery,  in  from  15  to  20  seconds;  into  the  external  maxillary  artery, 
in  from  10  to  25  seconds ;  and  into  the  metatarsal  artery,  in  from  20  to  40 
seoonds.*  These  experiments  have  been  fiiUy  confirmed  by  those  of  Poiseeuilie,' 
and  also  by  those  of  Mr.  Blake;*  the  latter  of  whom  varied  them  by  employing 
different  substances,  and  took  other  precautions  against  sources  of  fallacy.  At 
an  interval  of  10  eeconda  after  having  injected  a  solution  of  nitrate  of  baiyta 
into  the  jugular  vein  of  a  horse,  he  drew  blnod  from  the  carotid  artery  of  the 
opposite  side  ;  after  allowing  this  to  flow  for  five  seconds,  he  substituted  another 
vessel,  which  received  the  blood  that  flowed  during  the  5  ensuing  seconds ;  and 
the  blood  that  flowed  after  the  20th  second,  by  which  time  the  action  of  tha 
heart  bad  stopped,  was  received  into  a  third  vessel.  These  differcDt  epecimeos 
were  carefully  analysed.  No  trace  of  baryta  eould  be  detected  in  the  blood 
.'which  had  escaped  from  the  artery  between  the  10th  and  the  15th  second  after 
-the  injection  of  the  poison ;  but  in  that  which  was  drawn  between  the  15th  and 
the  20th  second,  the  salt  was  found  to  be  present,  and  in  greater  abundance  than 
in  the  blood  which  had  subsequently  flowed.  Moreover,  the  coincidence  between 
the  cessation  of  the  Heart's  action,  and  the  diffusion  of  ihe  salt  through  the 
arterial  blood,  bear  a  striking  correspondence;  and  it  may  be  hence  inferred,  that 
the  arrestment  of  its  muscular  movement  is  due  to  the  effect  of  this  agent  upon 
its  tissue,  when  immediately  operating  upon  itj^  through  the  capillaries  of  the 
coronary  artery. — This  conclusion  is  borne-out  by  a  variety  of  other  experi- 
mentaj;  which  show  that  the  time  of  the  agency  of  other  poisons  that  saddeoly 
check  the  Heart's  action  (which  is  tbe  especial  property  of  mineral  ikjisods), 
nearly  coincides,  in  different  animals,  with  that  which  is  required  to  conroy  then 
into  the  arterial  capillaries.  And  it  secuis  to  derive  fu!l  confirmation  from  the 
fact,  that  poisons,  which  act  locally  on  other  parts,  give  the  first  indications  of 
their  operation,  in  the  same  period  after  they  have  been  introduced  into  the 
veuous  circulation.  Thus,  in  the  Horse,  the  time  that  is  required  for  the  blood 
to  pass  from  the  jugular  vein  into  the  capillary  terminations  of  the  coronary  arte- 
ries, is  16  seconds,  as  is  shown  by  the  power  of  nitrate  of  potass   to  arrest 

deduced  from  calculation  of  the   (euppoEcd)  total  of  tbe  btood,  diTided  bj  (he  estimsted 
duration  of  ita  pasaage  tlrrougb  the  heart,  ruther  thaa  f^om  actual  admeasoremant. 
'  "  TiedemaoD's  Zeitschrift,"  vol.  iii.  p.  85. 

*  Although  attempts  haire  beeo  made  to  iDTalidatfl  tbe  iafereoce  which  seems  incrilably 
to  flow  from  these  experiments,  in  regard  to  the  rate  of  tbe  circulation,  by  attribaling  tht 
traosmiBsioa  of  the  salt  to  the  pormeabiUtj  of  tbe  animal  tisauee,  jet  it  baa  never  beea 
4hown  that  etcn  prussiate  of  potusb  (^hich  is  probubljf  at  least  as  transmissible  through 
sacb  a  cbannel,  as  any  other  salt}  can  thus  find  Hb  way  from  one  part  to  another,  with  ^ 
rapidity  at  all  proportional  to  this. 

*  "  Ann.  des  8ci.  Nat.,"  ISJa.  Zool.,  torn.  xix.  p.  82. 

*  "  Edinb.  Med.  and  Surg.  Jouraai/'  Oct.,  1841. 
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the  Ueart's  action  within  that  time;  and  nitrate  of  stryclinia,  injected  into 
•  Tcin,  gave  the  first  manifefitation  of  its  action  on  the  Spinal  Cord,  in  pre- 
ciselj  the  same  numher  of  seconds.  In  the  Dop;  the  heart's  action  was  arrested 
hy  the  nitrate  of  potass  in  II  or  12  seconds;  and  the  tetanic  convulsions  occa< 
fioned  hy  strychnia,  also  commenced  in  12  seconds.  In  the  Fowl,  the  former 
period  was  6  seconds,  and  the  latter  G) ;  in  the  Kabblt,  the  first  was  4,  and  the 
other  4i  seconds,— From  such  eipcrinicnts,  it  seems  evident  that  the  rapidity  of 
the  Circulation  is  underrated,  in  any  estimate  that  we  found  upon  the  capacity 
of  the  Heart,  and  its  numher  of  pulsations  in  a  given  time;  and  it  is  difficult  to 
see  how  the  two  sets  of  facts  are  to  he  reconciled. 

253.  Theyt^rce  with  which  the  pystcmio  Heart  propels  the  Blood,  may  he  es- 
timated in  two  ways;  —  either  hy  ascertainiop  the  heipbt  of  the  column  of  that 
fluid,  which  its  contractile  action  will  pupport. ;  —  or  by  cnusing  the  blood  to  act 
upon  a  shorter  column  of  mercnry, — Tbe  former  method  was  the  one  adopted  by 
Hales,  who  introduced  a  long  pipe  into  the  Carcitid  artery  of  a  Horae,  and  fuund 
that  the  blood  would  sometimes  rise  in  it  to  the  height  of  10  feet.  From 
parallel  experiments  upon  Sheep,  Oxen,  Dogs,  and  other  aiiinmls,  and  from  the 
comparison  of  the  calibre  of  their  respective  vessels  with  that  of  the  Human 
aorta.  Holes  concluded  that  the  uaunl  force  of  the  Heart  in  Man  would  sustain  a 
column  of  blood  7*  feet  high,  tbe  weight  of  which  would  be  about  4  lbs.  6  oi. 
—  The  second  riiethod  is  that  which  was  adnpted  by  I'oisseuille ;  the  refiult  of 
whose  experimenta  (made  with  the  instrument  which  he  termed  the  '  baemadyna- 
monieler')  corresponded  very  closely  with  that  of  Hales,  his  estimate  of  the 
pressure  of  blood  in  the  aorta  being  4  lbs.  3  oz.  [The  instrument  of  Pois- 
ienille,  slightly  modified  hy  Vollcmann  (Fig.  G5),  consists  of  a  glass  tul»e  bent  fo 
as  to  form  a  horizontal  (B")  and  two  perpendicular  (BB')  portions.  The  hori- 
zontal portion  ie  capable  of  being  adapted  by  means  of  brass  tubes  of  various 
fixes  to  arteries  or  veins,  however  differi-nt  in  calibre.  The  tube  is  attached  to  a 
hoard  fA.^'),  on  which  a  scale  is  marked.  To  use  it,  mercury  is  poured  into  tbe 
perpendicular  hranches  of  the  tube,  and  will,  of  course,  stand  at  the  same  height 
in  each  when  the  instrument  is  kept  in  tbe  perpendicular. 

In  order  to  prevent  the  coagulation  of  the  bloi>d,  which  by  causing  it  to  adhere 
to  the  sides  of  the  tube  would  complicate  the  exiieriiiieot  (a  point  not  provided 
■gaiDSt  io  Hales's  experiments)  a  quantity  of  a  strong  solution  of  carbonate  of 
ttoda  is  poured  into  the  horizunta!  branch,  and  will,  therefore,  rest  upon  the 
column  of  mercury  in  the  nenrest  vertical  branch. 

The  instrument  is  now  adapted  hy  meiini*  of  a  pipe  provided  with  a  stopcock 
(F)  to  the  artery  in  which  the  blood  is  to  be  measured.  Oa  opening  the  stop- 
cock the  blood  rushes  into  the  horizontal  tube,  mingles  with  the  alkaline  solu- 
tion, and  pushes  down  the  mercurv,  in  the  vertical  tube  B',  that  in  tbe  tube  B 
rising  to  the  same  extent  as  the  first  i^  depressed.  Tbe  rise  and  fall  of  the  mcr- 
cury  io  each  vertical  branch  can  be  measured  on  scales  placed  behind  them,  and 
as  the  rise  and  fall  are  equal,  the  d«iuble  of  either  will  give  the  height  of  a 
column  of  mercury  which  the  force  of  the  stream  of  blood  is  able  to  maintain. 
By  causing  the  blood  to  press  upon  a  column  of  mercury,  Poi?«eu)lle  got  rid  of 
tbe  necessity  of  having  a  very  long  tube,  as  used  by  Hales. — Ed.]  The  more 
recent  experiments  of  Volkmann '  have  led  him  to  nearly  the  same  conclusion ; 
notwithstanding  that  he  has  pointed-out  certain  fallacies  in  I'oiwieuille's  method. 
The  force  which  the  walls  of  the  Heart  must  exert,  in  order  to  impart  such  a 
prcKjiure  to  tbe  blood  which  tbey  propel,  is  properly  estimated  by  multiplying 
tbe  preflsure  of  bli>od  in  the  aorta  by  the  ratio  between  the  area  of  that  trunk 
and  tbe  surface  of  a  plane  passing  through  tbe  base  and  npcx  of  the  left  ventricle ; 
which  method  of  computation  would  make  it  about  V>i  lbs. 

254.  The  numhrr  of  contractions  of  the  Heart  in  a  given  time  is  liable  to 
great  variation,  within  the  limits  of  ordinary  health,  from  seTcral  caases;  the 

'  "Die  BiunodjDamik  aach  ViTsucbea,"  Cbap.  tii. 
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PoiBseulIle'i  HBmadynamometer,  as  sUghtl/  noflifled  by  Volkraann  : — AA',  the  Ih'i-  \  t  .  r-  hich 
the  b«nt  glass  tube  (BB'B"j  lb  attached.  C'C",  &  Ihia  tube  which  is  fixed  through  «  cork  (D|, 
air-tight  to  the  faoTuaDlu]  branch  of  the  gluts  Itibc.  G,  na  opoDlog,  with  a  stopcock  ia  this  tnlw, 
F,  a  conii-nl  tube  wbirh  may  bo  introduced  iinto  aD  nrlery  or  vein.  This  is  provided  with  a  slop- 
cook,  which  eerrea  to  rcgalate  the  admiirs'ian  of  the  Mood  intO'  the  tub«  of  thehwtnndjnaiDoDietfr. 
OlIG',  an  arm  of  wood  conDccted  with  tho  board  which  aerrea  to  lapport  the  tin  tub*,  ud  la 
prot«et  tbs  horicontai  braneh  of  tb«  glass  tube.] 

cbief  of  tbese  ore  diversitJeg  of  Age,  of  Sex,  of  Stature,  of  Musctilar  exertion, 
of  the  conditions  of  the  Miud,  of  the  state  of  the  Digestive  63'steiu,  and  of  the 
Period  of  the  day. 

a.  Putting  aside  the  other  causes  of  uncertainty,  the  foUowjncr  table  may  be 
rcf^rded  as  an  approximation  to  the  avcTago  frequency  of  the  Pulse,  at  the  seve- 
ral Affcs  specified  in  it^  ta.kiDg  equal  nanibers  of  Males  and  Females. 

BcfitK  pot  Minota. 

In  the  fretuB  in  utero 140 —  150 

Newly-bimi  infant .-  130 —  140 

Durinf;  the  Ist  year 115  —  ISC 

Duriii);  llie  2n(l  jear , 100  —  115 

During  the  3rd  year ...„.,.. 95  —  105 

From  the  7th  to  tho  14th  year 80—90 

Prom  the  14th  to  the  2lBt  year 76—    86 

From  the  21  St  to  the  COth  year 70 —    76 

Old  age' 76—80 

h.  The  difference  caused  by  SfX  is  very  considerable,  especially  in  adolt  age; 
it  appears  from  the  inquiries  of  Dr.  Guy,'  that  the  pulse  of  the  adult  Female  or« 

The  rise  in  the  averafje  frequency  of  the  pulse  in  Tery  advanced  life,  contrary  to 

Sr«TnIent  Dotian,  has  bcf?n  determined  by  the  ohaervntions  of  Learet  and  Mitivi^S  ("!)•] 
rAqueiice  des  Poula  cher  lea  Ali<<n<?8">,  Dr.  Pennock  ("Amer.  Jocrn.  of  Med.  8cL/ 
July,  1847*.  and  Prof.  Volkmann  (Op.  cit  p.  427). 

•  "  Guy's  Hospital  Beportt,"  toL  iii.  p.  812 ;  and  "  Cyclop  of  Anat  and  Pbyaiol"  xvi. 
It,,  Art.  ■  Pulse.' 
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narily  exceeds  in  frequency  the  pulse  of  the  adult  Male,  at  the  same  mean  age, 
from  10  to  14  beats  m  a  tuiDUtc. 

:.   Many  of  the  observations  upon  the  effect  of  Stature  upon  the  pulw,  are  in- 
alidat^d  by  the  neglect  of  other  couditiona  in  inakin|T  them  j  it  ia  affirmed  by 
'olkruann,  however,  that  a  tolerably  definite  ratio  exists,'  the  pulse  being  cxt«rU 
rihns  less  frequent  as  the  stature  is  greater,  bo  that  if  the  pulse  of  a  man  of 
§  feet  high  were  70  per  minute,  that  of  a  man  of  6  feet  would  be  66-7,  and 
that  of  a  man  of  5  feet,  73 -8. 

d.  The  effect  of  Afusrular  Er.ertt<m  in  raising  the  pulse  ia  well  known ;  as  is 
ilso  the  fact,  which  is  one  exemplification  of  it,  that  the  pulse  varies  consider- 

»bly  with  the  posture  of  the  body.  The  amount  of  ihia  variution  has  been  made 
the  aubject  of  extensive  inquiry  by  Dr.  Guy ;  and  the  following  ore  bis  resulta. 
In  100  healthy  Males,  of  the  tBcan  age  of  27  years,  in  a  state  of  rest,  the 
Average  frequency  of  the  pulse  was,  when  standing  79,  when  sitting  70,  and 
irhen  lying  67,  per  minute.  Several  exceptions  occurred,  however,  to  the  geno 
ful  law ;  and  when  these  were  excluded,  the  avemge  numbers  were,  standing  81, 
fitting  71,  and  lying  66 ;  so  that  the  difference  between  standing  and  sitting  wca 
10  b^te,  or  l-8th  of  the  whole}  the  difference  between  sitting  and  lying  was  5 
beats,  or  l-13th  of  the  whole;  and  the  difference  belween  standing  and  lying 
ma  15  beats,  or  l-5th  of  the  whole.  In  50  healthy  Females  of  the  same  mean 
pge,  the  average  pulse  when  standing  wa."*  89,  when  sitting  81,  and  when  lying 
80;  and  when  the  exceptions  (which  were  more  numerous  in  proportion  than  itt 
males)  were  excluded,  the  averages  were,  standing  91,  sitting  8-1,  lying  79;  the 
difference  between  .standing  and  sitting  was  thus  7  beats,  or  l-13th  of  the  whole; 
that  between  sitting  and  lying  was  4,  or  l-2lBt  of  the  whole ;  and  that  between 
.Btanding  and  lying  was  11,  or  l-8th  of  the  whole.  In  both  sexes,  the  effect 
pmdnced  by  chanye  of  posture  increases  with  the  usual  frequency  of  the  pulse ; 
whilst  the  exceptions  to  the  general  rule  arc  more  numerous,  as  the  pulse  is  less 
frequent.  The  variation  is  temporarily  increased  by  the  muscular  effort,  involved 
iin  the  absolute  change  of  the  posture;  and  it  is  only  by  the  use  of  a  revolving 
board,  by  which  the  position  of  the  body  can  be  altered,  without  any  exertion  on 
the  part  of  the  subject  of  the  observation,  that  correct  results  can  be  obtained. 
That  the  difference  between  standing  and  silting  fihould  be  greater  than  that 
between  sitting  and  lying,  is  just  what  we  should  expect;  when  we  compare  the 
amount  of  muscular  effort  required  in  the  maintenance  of  the  two  former  pod- 
tioDS  respectively. 

e.  The  pulse  is  well  known  to  he  much  accelerated  by  Mental  excitement,  es- 
pecially by  that  of  the  Emotions;  it  is  also  quicker  during  Digestion}  but  on 
neither  of  these  points  can  any  exact  numerical  statement  be  given. 

y.  The  diurnal  variation  of  the  Pulse,  has  been  made  the  subject  of  observa- 
tion by  Dr.  Knox'  and  Dr.  Guy;'  whose  inquiries  concur  to  disprove  the  usual 
notion  that  the  pulse  rises  towards  evening,  and  make  it  appear  that  the  more 
common  fact  is  the  reverse.  It  should  not  be  laid  down  as  a  general  rule,  how- 
ever, that  the  pulse  is  most  frequent  in  the  morning,  unless  it  be  also  stated  that 

I  the  exceptions  are  very  numerous.  For  whilst,  out  of  sixteen  healthy  young 
persons  of  both  sexes  examined  by  Dr.  Guy,  the  pulse  was  more  frequent  in  the 

1  Inomiog  in  ten  individuals  by  from  2  to  18  beats  per  minute,  it  was  more  fre- 
quent in  the  evening  in yl^r  individuals  by  from  9  to  13  beats,  and  in  tm/  others 
there  was  no  difference.  Both  these  experimenters  hare  remarked,  moreover, 
that  the  pulse  is  less  excitable,  as  well  as  less  frequent,  in  the  evening  than  in 

*  With  hifl  usual  leal  tcr /ormularuation,  Volkmann  oxpresses  this  ratio,  ae  deduced  from 
a  Urge  number  of  observalioDB,  bj  the  ratio/)  : p^  ^=  A'|  .■  A|  (p  being  the  rate  of  the 
palie,  and  A  the  height  of  the  body) ;  or,  in  other  words,  the  ratio  ia  that  of  the  nmlk  roi4 
•/  tht  fifth  pover  of  the  height. — Sorclj  this  is  riding  a  hobby  to  the  death. 

*  '•  Edinb.  Med.  and  Surg.  Joam.,"  voL  xL  p.  58. 
'  ••  Guy'a  Hosp.  Bep.,"  tol.  it.  p.  69. 
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the  morning;  thus  it  was  found  by  Dr.  Guy,  that  the  very  same  food  which  in 
the  morning  increased  the  frerjuency  of  the  pulse  from  5  to  12  beats,  and  kept 
it  raised  above  its  natural  number  for  one  or  two  hours,  produced  no  effect  what- 
ever in  the  evenino:;  and  it  is  a  matter  of  ordinary  experience,  that  alcoholic 
liquors  have  a  much  more  poteat  effect  upon  the  circulation  in  the  earlier  than 
in  the  latter  part  of  the  day, 

S.' — Movement  of  the  Blood  in  the  Arteries, 

255,  The  Blood  propelled  from  the  Heart  is  distributed  to  the  body  in  gei 
ral  by  a  system  of  Arteries,  which  may  be  lilccned  in  its  arrangement  to  tl 
trunk  and  branches  of  a  tree,  except  that  very  frequent  communications  or  ana^' 
tomoses  exist  amon^  these  branches,  bo  that,  by  con  lined  subdivision  and  inowa- 
lation,.  their  distribution  coiuea  more  and  more  to  resemble  the  capillary  network 
ia  which  they  terminate  (Fig.  66).     Although  the  diameUrt  of  the  branches 

Fio.  (JB. 


Web  of  Frog'i/ooi,  gtretcbing  between  two  to«i,  msg-nified  3  dia.m«t«ra :  ihovlng  the 
Teiiela,  and  their  anksbomotei : — 1,  1,  reini;  2,  3,  S,  artQiies. 

at  each  subdivision,  together  exceed  that  of  the  trunk,  yet  there  is  but  little  dif- 
ference in  their  respective  areas.  What  difference  does  exist,  however,  ia 
usually  in  favour  of  the  branches;  and  thus  it  happens  that  there  ia  a  gradual 
increase  in  the  capacity  of  the  arterial  system  from  its  centre  towards  the  capil- 
laries, whose  capacity  is  many  times  greater  (§  263),- — The  Arteries  exert  a  most 
important  inQuence  upon  the  movement  of  blood  through  them,  in  virtue  of  the 
physical  and  vital  properties  of  their  walls,  or  rather  of  their  middle  or  fibrous 
wat,  which  alone  is  possessed  of  contractile  properties.  We  find  in  this  coat  a 
layer  of  yellow  Elastic  tissue,  which  is  much  thicker  in  the  larger  arteries,  in 
proportion  to  their  size,  than  in  the  smaller.  On  the  inside  of  this  is  a  layer  of 
nnnular  fibres,  composed  of  Muscular  fibre-cells,  mingled  with  areolar  tissue;' 
the  muscular  element,  however,  is  ranch  more  abundant  in  the  tmaller  arteries, 
than  in  the  larger.  To  the  former  tisBue  is  due  the  simple  efasticity  of  the  arte- 
rial walls,  which  is  a  physical  property  that  persists  afier  death,  until  a  serioua 
change  takes  place  in  their  composition  ;  whilst  to  the  latter  we  arc  to  attribute 
the  property  which  they  unquestionably  pofisess  (in  oommon  with  proper  mu»- 

'  See  Prof.  Kolliker's  "Manual  of  Human  Histology"  (Sydenham  Society's  Edit),  toL 
ii.  p.  291. 
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tfnlftr  tissue*),  of  contractivp  on  the  application  of  a  stimtilu*,  80  lonp;  as  their 
vitality  tymains.  These  two  endowmetits  are  possessed  in  various  degrees,  pro- 
portional to  the  respective  predominance  of  the  elastic  or  of  the  muscular  tissue, 
by  the  different  parts  of  the  Arlertiil  system.  Thus,  ns  was  justly  remarked  by 
Hunter,  the  fJastxdty,  being  the  property  by  which  the  interrupted  force  of  the 
Heart  is  made  equable  and  continuous,  is  most  seen  in  the  large  vessels  more  im> 
mediately  connected  with  that  organ  ;  whilst  on  the  other  hand,  the  eontravtifitf/ 
is  roost  observable  in  the  pmaller  vessels,  where  it  is  more  required  for  regulating 
the  flow  of  blood  towards  particular  organs. 

256.  It  has  been  denied  by  many  Physiologists,  that  the  middle  coat  of  the 
Arteries  possesses  any  property  that  can  be  likened  to  Muscular  Irritnhility ; 
but  no  reaitonable  doubt  can  any  longer  exist  on  this  point.  Althoiigh  many  ex- 
perimenters have  failed  in  producing  contraotions  of  their  walls  by  stimuli 
directly  applied  to  themselves,  yet  such  contractions  may  be  so  ea«ily  demon- 
strated by  proper  means,  that  the  negative  resuJta  cannot  be  admitted  as  invali- 
dating the  fact.  It  is  of  course  in  the  smaller  arteries,  that  the  evidence  of  this 
contractility  should  be  sought,  and  this  may  be  readily  obtained  by  observing 
the  effects  of  various  stimuli,  mechanical,  chemical,  or  electrical,  upon  the  ves- 
sels of  a  transparent  membrane,  such  aa  the  bat's  wing  or  the  frog's  foot.  Thus 
if,  whilst  we  watch  the  movement  of  blood  in  a  companion  artery  and  vein,  wc 
draw  the  point  of  a  fine  needle  across  them  three  d^four  timeB,  without  appa- 
rt'utly  injuring  them  or  the  membrane  over  them,  they  will  both  presently  con- 
tract and  close;  then,  after  remaining  for  a  few  minutes  in  the  contracted  state, 
they  will  begin  again  to  dilate,  and  will  gradually  increase  m  diameter  until  they 
acquire  a  larger  size  than  before  the  stimulus  was  applied.  When  in  this  con- 
dition, they  will  not  again  contract  on  the  same  stimulus  as  before ;  the  needle 
may  now  be  drawn  across  them  much  oftener  and  more  forcibly,  but  no  contrac- 
tion ensues,  or  only  a  trivial  one,  which  is  quickly  followed  by  dilatation;  with  a 
stronger  stimulus,  however,  such  ^  that  of  great  heat,  they  will  again  contract 
and  close,  and  such  contraction  may  last  more  than  a  day,  before  the  vensels  again 
open  and  permit  the  flow  of  blood  through  them.'  —  The  comparative  effects  of 
chemical  and  other  stimuli  have  recently  been  especially  studied  by  Mr.  Wharton 
Jones,*  by  whom  they  are  thus  classified.  (1).  Constriction  may  slowly  take 
place,  and  be  slowly  succeeded  by  the  normal  width ;  this  is  the  action  of  the 
sulphate  of  atropia,  (2.)  Constriction  may  quickly  take  place,  and  be  soon  suc- 
ceeded by  the  normal  width,  or  a  width  not  much  exceeding  the  normal ;  this  is 
the  result  of  the  moderate  application  of  cold,  and  of  mechanical  and  galvanic 
irritntioD.  (3).  Constriction  either  does  not  take  place  at  all,  or  when  it  docs,  it 
very  rapidly  gives  place  to  great  dtlatntion  ;  tXna  is  the  effect  of  a  weak  eolutioa 
of  sulphate  of  copper,  of  a  strong  eohjtion  of  common  salt,  of  wine,  of  opium, 
and  of  spirit  of  wine.  (4).  Dilatation,  preceded  or  not  by  momentary  constric- 
tion, may  slowly  yield  to  constriction,  which  remains  permanent;  ibis  is  the 
effect  of  sulphate  of  copper,  applied  in  strong  solution,  or  in  substance.  —  The 
electric  stimulus  is  most  efiectual  when  applied  by  the  msigneto-gnlvnnic  appa- 
ratus;  and  the  effects  of  such  application  bave  been  investigated  by  the  Pro- 
feesors  Weber,'  When  the  minute  arteries  of  the  mesentery  of  frogs,  between 
l-7th  and  l-17th  of  a  Paris  line  in  diameter,  were  thus  stimulated,  they  did  not 
immediately  respond  to  the  irritatiooj  but  began  to  contract  after  a  few  seconds, 

•  See  Mr.  Paget'a  "  Lectaren  oa  Surpical  Pathology,"  p.  181,  Am.  Ed.  —  Ai  Mr. 
Paget  juBttj  remarks,  it  is  from  the  mechanical  etimulua  of  the  knife,  thst  tmall  dirided 
Tcuels  coBtrftCt  Aod  close,  bo  as  speedily  to  cease  bleeding;  hat  this  cootractioo  lasts  onlj 
for  a  time ;  and  hajmorrliage  would  commence  on  their  dilatation,  if  their  mouths  were  not 
sealed  by  coagula  of  blood  or  lymph,  When  secondary  hromorrhage  does  occur  from  want 
of  such  coagulation,  it  is  most  effectually  conrroHed  liy  the  application  of  such  ttimul:  as, 
like  the  actual  cautery,  induce  a  more  prolonged  contraction  of  the  ressela. 

•  "Prixe  Essay  on  Inflammation,"  in  "  Guy's  Hospital  Reports"  for  1850,  pp.  8,  9. 

•  "Mailer's  Archiv.,"  1847. 
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go  that  their  diniueter^  ia  from  6ve  to  ten  eeconde,  wns  diminished  b^  a  third,  ted 
their  sectional  area  conpequently  reduced  to  about  half;  by  a  continued  applica- 
tion of  the  BtiiuuluB,  their  calibre  was  so  much  reduced,  that  only  a  single  row 
of  corpUMjlcB  could  pass ;  and  at  last  the  vcsspIh  bec-auie  completely  closed,  and 
the  current  of  blood  arrested,  the  original  conditions  being  gradually  restored  on 
the  cessation  of  the  electric  current.  —  Further,  it  has  been  ascertained  by  the 
careful  experiments  of  Poiseeuille  (which  cunfirra  those  of  John  Hunter),  that 
wbea  an  artery  is  dilated  by  fluid  injected  into  it,  it  reacts  with  a  force  euperioT 
to  the  distendinjr  itnpulse  ;  and  he  has  also  shown  that,  if  a  portion  of  an  artery 
from  an  animal  recently  dead  (in  which  the  vital  contractility  seems  to  be  pre- 
served, and  one  from  an  animal  that  has  been  dead  some  days  (in  which  DOthing 
but  the  elasticity  remains),  be  distended  with  an  equal  force,  the  former  becomes 
much  more  contracted  than  the  latter,  after  the  distetidinje  force  is  removed. 

257.  Although  the  walls  of  the  Arteries  cannot  be  readily  stimulated  to  con* 
traction  through  the  medium  of  their  nerves,  yet  the  influence  of  the  NeiTWU 
system  upon  tlie  calibre  of  the  vessels,  which  might  he  inferred  to  exist  from 
the  act  of  blushing  and  other  analogous  phenomena,  is  capable  of  experimental 
demonstration.  Thus,  Valentin  and  others  have  succeeded  in  producing  evident 
coDtrat'lions  ia  the  Aorta,  by  irritation  of  the  Sympathetic  nerve,  and  of  the 
roots  of  the  cerviciil  nerves  of  the  Spinal  system.  It  ia  in  the  smaller  arteries, 
however,  that,  for  reasong^Iready  given  (§  255),  we  should  expect  to  find  the 
best  evidence  of  the  eicita-bility  of  muscular  contraction  through  their  nerves. 
And  such  evidence  has  been  afforded  by  the  experiments  of  Dr.  Ang.  Waller, 
who  has  shown,  that  whilst  section  or  ligature  of  the  Sympathetic  trunk  on 
either  pide  of  the  neck  produecs  an  enlargement  of  the  minute  arteries  of  the 
oat  or  rabbit),  accompanied  with  an  elevation  of  temperature,  the  application  of 
_ilvanism  to  the  nerve  for  a  minute  or  less^  causes  them  to  coatract  to  their 
ordinary  calibre.' 

258.  Several  experiments  also  indicate  the  existence  of  that  power  of  slow 
contraction  in  the  arteries,  which  has  been  distinguished  by  tfke  appellation 
Tonicihf.  Thus,  when  a  ligature  is  placed  upon  an  artery  in  a  living  animal,  the 
part  of  the  artery  beyond  the  ligature  becomes  gradually  smaller,  and  is  emptied 
to  a  certain  degree,  if  not  completely,  of  the  blood  it  contained.  Again,  when 
part  of  an  artery  in  a  living  animal  is  isolated  by  means  of  two  ligatures,  and  ii 
punctured,  the  blood  issues  from  the  orifice,  and  the  inclosed  portion  of  the 
artery  is  almost  completely  emptied  of  its  contents.  Further,  every  Surgeon 
knows,  that  the  contraction  of  divided  arteries  ia  an  efficient  means  of  the  a 
of  haemorrhage  from  them,  especially  when  they  are  of  small  calibre;  so  that,  | 
the  case  of  the  temporal  artery  for  example,  the  complete  division  of  the  tu 
often  the  readiest  means  of  checking  the  flow  of  blood  from  it,  when  it  has  been 
once  wounded.  This  contraction  ia  much  greater  than  could  he  accounted-forby 
the  simple  cfasticily  of  the  tissue ;  and  is  more  decided  in  small  than  in  large 
vessels.  The  empty  condition  of  the  arteries,  generally  found  within  a  short 
time  after  death,  seems  to  be  in  part  due  to  the  same  cause ;  since  their  calibre  is 
usually  much  diminished,  and  is  sometiiues  completely  obliterated.  A  remark* 
able  example  of  the  same  slow  contraction,  h  that  which  takes  place  in  the  end 
of  the  upper  portion  of  an  arterial  trunk,  when  the  passage  of  blood  through  it 
ia  interrupted  by  a  ligature;  for  the  current  of  blood  then  passes-off  by  the 
nearest  large  lateral  branch;  and  the  tube  of  the  artery  shrivels,  and  sewn 
becomes  impervious,  from  the  point  at  which  the  ligature  is  applied,  back  to  the 
origin  of  that  branch.  This  last  fact  ia  important,  as  proving  how  little  influence 
the  vis  a  trrffo  possesses  over  the  calibre  of  arterial  tubes ;  since,  without  any  in- 
terruption to  the  pre&sure  of  blood  occasioned  by  it,  the  tube  becomes  impervious. 

'See  "  Complea  Rendua,"  1853,  torn,  xxxvi.  p.  S78. — Of  this  remtirkablo  experiment^ 
which  itrat  dutnoQatrated  the  influeoce  nf  the  Syuipathi'tii?  NerTe  upon  Che  smaller  arteries, 
the  Author,  bjr  (he  kiodneea  of  Dr.  Waller,  fans  faimaelf  been  a  witneaa. 
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It  is  to  the  moderate  action  of  the  iuiticity  of  artcrice,  that  thpir  contraclion 
tipon  the  Btreain  of  hlood  passing  through  them  (which  sen'CP  to  keep  the  tubes 
nlvays  full)  is  doe.  If  the  tonieitj  be  excessive,  the  pulse  is  hard  and  wiry; 
bat  if  it  be  deficient,  the  pulse  is  very  cotnpreMible,  though  boundinfr.  and  the 
flow  of  blood  throogh  the  arteries  is  retarded.  Dr.  C.  J.  B.  Williiiiiis  \\m  per- 
formed eome  ingenioas  experiments  (§  280),  which  prove  thnt  the  force  required 
to  propel  fluid  through  a  tube  whose  sides  are  yielding,  is  very  much  greater 
than  that  which  will  carry  it  through  a  tube  of  even  smaller  size,  with  rigid 
parietes;  consequently  a  Iofs  of  tonicity  in  the  blood-vessok  retard*  the  flow  of 
blood  through  tbera  ;  whilst  an  increase  hastens  it.  —  There  is  much  1cb8  differ- 
ence between  the  Irritability  and  the  Tonicity  of  arteries,  than  between  the  like 
pn-'perties  in  ordinary  muscle;  since  the  former  is  so  long  in  manifesting  itself, 
that  it  almost  approaches  to  the  character  of  the  latter.  But  in  the  Arteries,  aa 
in  other  muscles,  the  tonic  contraction  may  be  most  eflSciently  induced  by  cold. 
Thus  Hunter  observed  that  the  eiposure  of  an  artery  of  a  warm-blooded  animal 
to  the  air  for  some  time,  would  occasion  its  gradual  contraction  to  such  an  extent 
as  to  efi^ect  the  obliteration  of  its  canal.  This  statement  has  been  verified  by 
many  aubeequent  experimenters ;  and  it  has  a!so  been  confirmed  by  the  observa- 
tions of  Schwann  upon  the  small  arteries  of  the  mesentery  of  frogs,  which  he 
couscd  to  coDtnict  slowly  by  the  application  of  cold  water,  and  then  saw  dilate 
again ;  as  much  as  half  an  hour  being  required,  however,  before  they  recovered 
their  original  size.  On  the  other  hand,  the  application  of  moderate  warmth 
causes  a  relaxation  of  this  tonic  contraction.  —  And  thus  Cold  and  Heat  are  two 
of  our  most  valuable  remedial  agents,  when  the  Tonicity  of  the  Vascular  system 
is  deficient  or  in  excess. 

259.  We  have  now  to  inquire  more  closely  into  the  infloence  exerted  by  the 
ritol  and  physical  properties  of  the  walls  of  the  Arteries,  upon  the  motion  of 
Blood  through  them. — There  is  no  sufficient  proof  that  the  vital  Contracfifih/  of 
these  vessels  enables  them  to  exert  a  prinndnivt  action  in  any  degree  supple- 
meotary  to  that  of  the  Heart;  and  yet,  looking  to  the  general  facts  already 
srated^  as  to  the  diffusion  of  the  propulsive  power  through  the  arterial  trunks  in 
many  of  the  lower  animals  (§  234),  and  their  cxperimentnlly-proved  reaction 
npon  a  distending  force  (§  256),  it  docs  not  seem  by  any  means  improbable  that 
gume  such  power  should  be  preserved,  even  where  there  is  the  greatest  concen- 
tration of  the  prifpuleive  force  in  the  muscular  walls  of  the  heart. — The  contrac- 
tility of  the  arteries  seems  to  be  chiefly  c.'screiised.  however,  in  m/u/y/iw//  the 
diameter  of  the  tubes,  in  accordance  with  the  quantity  of  blood  to  be  conducted 
thnmgh  them  to  any  part;  which  will  depend  upon  its  peculiar  circumstarces  at 
the  time.  Such  local  changes  are  continually  to  be  observed,  in  the  various 
phases  of  normal  life,  as  well  as  in  diseased  stjites  ;  aud  they  wilt  be  found  to  he 
constantly  in  harmony  with  the  particular  condition  of  the  processes  of  Nutrition, 
Secretion,  &c.,  to  which  the  capillary  circulation  ministers.  In  such  cases,  it 
cannot  be  the  action  of  the  Heart  that  increases  the  calibre  of  the  vessels;  since 
this  is  commonly  unaltered,  and  is  itself  unable,  as  we  have  just  seen,  even  to 
maintain  their  permeability,  when  their  contractility  is  excited.  It  must,  there- 
fore, be  by  a  power  operating  directly  through  themselves,  that  their  dilatation 
is  eflfected.  The  minute  distribution  of  the  Sympathetic  nerve  upon  the  walls 
of  the  arteries,  the  known  power  which  this  baa  of  producing  contractions  in 
their  fibrous  coat  (§  257),  and  the  influence  of  mental  states «upon  their  dimen- 
Roni  (as  shown  in  the  phenomena  of  blusliing  and  erection),  render  it  highly 
probable  that  the  calibre  of  the  arteries  is  regulated  in  no  inconsiderable  degree 
through  its  intervention.  T\ie permaurnf  enlargement,  however,  which  is  seen 
in  the  arteries  supplying  parte  that  are  in  a  state  of  active  iuercase,  must  be  due, 
not  to  airople  dilatation  merely,  but  to  augmented  nutrition  ;  since  wo  find  that 
their  walls  are  thickened  as  well  as  extended.  And,  on  the  other  side,  when 
siiiW  contraction  occurs  in  these  tubes  as  a  consequence  of  disease,  it  must  be  in 


2Qi 


OF    THE    CIRCULATION    OF    THE    BLOOD, 


part  ocouiiionetl  by  atropbj;  since  their  nutritioD  is  bo  tiiach  diminisbed.  tbat  io 
time  they  almost  entirely  disappear, — a  portion  of  a  large  artery  BbriTclling  ioto 
a  ligamentous  band. 

260.  The  purpose  served  by  the  Elattuit^  of  the  Arteries,  is  one  of  a  purely 
physical  character;  its  effect  being  to  convert  the  intermittiDg  iDipuI»e«,  which 
the  blood  receives  from  the  hearty  into  a  continuong  current.  The  former  ure 
very  evident  in  the  larger  trunks  j  but  they  diminish  with  the  subdivision  of 
these,  until  they  entirely  disappear  io  tbe  capillaries,  in  which  the  stream  i» 
tisually  equable  or  nearly  so.  If  a  jiowerfiil  force-punip  were  made  to  inject 
water,  by  successive  strokes,  into  a  system  of  tubes  with  unyielding  iralls,  the 
flow  of  fluid  at  the  farther  extremities  of  these  tubes  would  he  as  uiuch  inter- 
mpted  as  its  entrance  into  them.  But  if  an  air-vessel  (like  that  of  a  fire-engioc) 
were  placed  at  their  commencement,  the  flow  would  be  in  a  great  degree  equal- 
ized ;  since  a  part  of  the  force  of  each  stroke  would  he  spent  upon  the  compro- 
sion  of  the  air  included  in  it;  and  this  force  would  be  restored  by  the  elasticity 
of  the  air  during  the  interval,  which  would  propel  the  stream,  until  directly  re- 
newed by  the  next  impulse.  A  much  closer  imitation  of  the  natural  apparatm 
would  be  afforded  by  a  pipe  wbieh  had  elastic  walls  of  its  own ;  thus  if  water 
were  forced  by  a  syringe  into  u  long  tube  of  caoutchouc,  for  example,  the  stream 
wonld  be  equalized  before  it  had  proceeded  far.  This  effect  is  found  to  be  ac- 
complished, at  any  point  of  (he  Arterial  circulation ^  in  a  degree  proportionate  to 
its  distance  from  the  Heart;  and  in  this  mode  it  is,  that  the  intermitting  force 
of  the  ventricular  contraction  is  almtvst  equably  distributed  over  the  whole  of 
the  interval  between  one  systole  and  another,  by  the  contraction  of  the  elastic 
tubes  in  the  dilatation  of  which  it  was  at  first  expended. — Another  effect  of  this 
elasticity  is  to  distribute  the  pressure  of  the  blood  upon  the  walls  of  the  artcric?, 
much  more  equally  than  would  be  the  cabe  if  they  formed  a  system  of  rigid 
tubes.  For,  according  to  Volkiuann,'  eiiice  the  lateral  pressure  of  a  Hqu;d 
moving  through  tubes  of  uniform  calibre  with  rigid  walls,  is  proportional  to  tlie 
resistance  to  be  overcome  at  each  point,  and  since  this  resistance  depends  upon 
the  adhesion  and  friction  between  the  liquid  and  the  parietcs  of  the  tube,  the 
lateral  pressure  at  each  point  will  vary  inverfely  with  the  distance  of  thot  point 
from  the  discharging  ontioe.  Consequently,  if  the  arteries  constituted  a  system 
of  rigid  tubes,  the  pressure  on  their  walls  would  decrease  very  rapidly,  in  pas*iDg 
from  the  heart  towards  their  peripheral!  extremities.  Such,  however,  is  far  from 
being  the  case ;  for  although  the  presjjure  ia  by  no  means  equal  throughout 
(§  263),  yet  it  does  not  vary  in  any  such  ratio. 

261.  The  distension  of  the  Arteries  that  is  consequent  upon  the  intermitient 
injection  of  blood  into  their  trunks,  and  the  subsequent  contraction  which  resaits 
from  the  elasticity  of  their  wuUsj  give  rise  to  the  ptihalion  which  is  perceptible 
to  the  touch  in  all  but  the  smallest  arteries,  and  which  is  visible  to  the  eye  when 
they  are  exposed.  This  pulsation  involves  an  augmentation  of  the  capacity  of 
that  portion  of  the  artery  in  which  it  is  observed  ;  and  it  would  seem  to  the 
touch,  as  if  this  were  chiefly  effected  by  an  increase  of  diamtter.  It  has  been 
experimentally  proved,  however,  tbat  the  increased  capacity  is  partly  given  by  the 
elonrjiitioH  of  the  artery/  which  is  lifted  from  its  bed  at  each  pulsation,  and, 

'  "Hamodjuftmik,"  p.  38. 

*  The  expcrinients  of  Volkmiirtin  have  Isd  him  to  helieve,  that  the  transverse  dilatatioo 

sis  greater  than  the  tongttudinul:  but  these  experime'Dts  were  made  under  coaditionB  so 

Kliil'ereat  from  thuae  of  the  living  artery,  ttint  but  little  veiglit  ca.n,  in  the  Author's  opinion, 

Vh^  attached  to  ttiem.     It  is  to  be  reniembered,  however,  tbnt  evcrj  increase  in  length 

lltugments  the  capacity  iu  only  a  »impk  ratin ;  thus  a  tube  of  '2\  iacbes  in  Ictigth  will  only 

LAontaiD  ont-twentieth  more  than  a  tube  of  -U  iucbes  long,  of  the  aume  diameter.     On  tlie 

'other  hand,  every  increiuie  in  diameter  augments  the  capacity  of  the  tube  in  the  ratio  of 

the  tqttare  of  that  increase  :  thus  the  capacity  of  a  tube  of  ^1  liitea  in  diameter  will  be  to 

tbat  of  a  tube  of  20  lines,  aa  441  :  400,  or  one-lenth  mure.     CoDacquenlly,  Buppusing  the 

iocrease  of  capacity  to  take  place  equally  in  bath  directions,  the  increase  iu  loagitudiaal 

dimention  will  be  far  more  apparent  ihou  the  irantvene  culargemeut. 
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wljcn  previously  strnight,  becoinep  carvrd  ;  the  iroprewioo  made  upon  the  finger 
by  8uch  difrplacemeDt,  not  being  distinguishable  from  that  which  would  result 
from  the  dilatation  of  the  tube  in  diameter.  A  very  obviouB  example  of  this 
upheaval  \s  seen  in  the  prominent  temporal  artery  of  an  old  person.  Tho  total 
increase  of  capacity  was  estiniattd  by  Flourens,  from  experimental  upon  the  caro- 
tid artery,  at  about  l-23rd  part;  but  it  is  affirmed  by  Volkmaon  (Op.  cit,  chap, 
xiv.)  that  this  must  not  be  considered  by  any  meons  a  constant  ratio,  since  it 
varies  in  different  arteries,  and  in  the  same  artery  under  different  circumstancei^. 
—  The  distention  of  the  arteries  does  not  take  place  at  the  same  moment  over 
the  whole  body,  but  is  propagated  as  a  vavf  from  the  commencement  to  the 
point  of  discharge.  The  passage  of  this  wave  was  considered  by  Prof.  E.  H. 
Weber  to  be  distinct  from  (he  act  of  propulsion  of  the  fluid ;  but  it  has  been 
shown  by  Volkmann  (Op.  cit.,  chap,  x.)  that  they  are  one  and  the  same.  He 
has  further  shown  that  two  systems  of  wa;ves  arise,  when  a  fluid  is  driven  through 
an  elastic  tulie  by  intermitting  impulses ;  one  of  these  being  in  the  fiuid,  and 
the  other  in  the  walls  of  the  tube.  These  may  propagate  themselves  with  dif- 
ferent velocities,  and  (bus  two  undulations  may  result  fmm  one  impulse.  This 
want  of  coincidence  between  the  two  waves  is  probably  the  eiplanatioo  of  the 
ic?trfj(tjv8  pulse,  often  obeervablo  in  convalescence  from  fevers  and  other  diseases 
ftcr  the  Fubeidence  of  vascular  excitement. — That  a  certain  time  is  required,  for 
the  transmission  of  the  pulse-wave  from  the  heart  to  the  periphery  of  the  circu- 
lation, h  proved  by  the  want  of  Bynchronism  between  the  ventricular  systole, 
and  the  pulsation  of  the  arteries  in  various  parts  of  the  body;  the  difference 
varying  according  to  their  distance  from  the  heart.  A  considerable  diversity  in 
the  amount  of  this  interval  is  observable  in  different  states  of  the  arterial  system; 
for,  as  Dr.  C.  J.  B.  WiJliaraB  has  pointed-out.'  when  the  tonicity  is  in  excess,  the 
arteriea  approach  the  condition  of  rigid  bones,  and  the  pulse  at  the  wrist  ia 
ost  exactly  synehronoua  with  the  heart's  beat;  whilst,  if  the  tonicity  be 
efective,  the  radial  pulse  is  felt  at  a  long  interval  after  the  heart's  beat,  and  the 
fference  is  still  more  perceptible  when  the  pulse  is  examined  in  the  feet.  The 
ngest  interval  in  a  state  of  health  seems  to  be  between  1-Gth  and  1-7 th  of  a 
cond. 

262.  The  rat^  of  movement  of  the  blood  in  the  Arteries  can  only  be  guessed- 
tt,  as  regards  the  Human  subject,  from  the  comparative  results  of  experiments 
pon  the  lower  animals.     It  is  stated  by  Volkmann  (Op.  cit.,  p.  19G)  that  the 
.verage  velocity  of  the  current  in  the  carotids  of  a  considerable  number  of  Mam- 
which  he  examined,  was  about  300  millim.,  or  nearly  12  inches,  per  secondj 
at  the  velocity  is  greater  in  the  arteries  lying  near,  than  in  those  at  a  distance 
the  heart;  that  it  is  not  increased  by  an  augmentation  in  the  number  of 
sations;'  but  that  it  is  greatly  augmented  by  an  increase  in  the  volume  of  the 

*  •'PrincipleB  of  Medicine,"  3d  Am.  Edit,  p,  76.  — Dr.  WilliamB  mentiona,  what  the 
r^Qtbor  has  himeelf  soticed,  that  the  radial  pulse,  in  cases  of  (^elicieiit  tonicity,  ia  eome- 
times  felt  after  the  second  sound  of  the  heart  ia  beard ;  a  fact,  tbnt  negatives  the  doctrine 
of  the  pulse  put  forward  by  Mr.  Colt  ("Medical  Gnictle,"  vol.  xxxvi.  p.  4f)G),  which  was 
fvonded  on  the  assumption  that  the  pulse  ia  perceived  in  every  pnrt  of  the  arterial  ej'stem 
preriouBly  to  the  occurrence  of  the  second  sound  of  the  henrt,  that  is,  before  the  closure 
of  the  aortic  valves.  The  Author  has  a  very  distinct  recollection  of  n  case  which  he  wit- 
Be9sed  when  a  student  in  the  Middlesex  flospital.  in  whith  the  radial  pulse,  though  ao- 
tnally  eynchronous  with  the  heart's  bent,  was  really  dependent  upon  ihe prtcrding  Tentri- 

r  systole;  the  whole  of  the  interval  between  one  eyslole  and  another  being  required 
the  transmission  of  the  pulsc-waTo  from  the  heart  to  (he  wriBt,  as  was  proved  by 
iCing  it  from  the  centre  towards  the  periphery  of  the  arterial  system.  Now  in  this  case, 
the  marked  want  of  synchronifitn  between  (he  pul.-^e  at  the  wrist  and  in  the  neck  had 
t  excited  attention,  the*  pynohroniam  between  the  radial  pulse  and  the  heart's  beat 
would  have  passed  as  an  ordinary  oocurreace,  instead  of  being  a  very  extraordinary  phe- 
nomenon. 

*  On  this  very  important  point  the  observations  of  Volkmnnn  are  in  full  accordance 
Ih  the  results  of  some  of  Uering's  experimeuts  performed  with  special  reference  to  it 

(i  262). 
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blood,  and  lessened  bj  its  dimtnution.  [The  instrument  devised  bj  Volkmann, 
and  which  he  calls  the  hctmo<lrumftcr,  consists  of  a  glass  tube,  tiftj-two  inchei 
loDg>  bent  into  the  form  of  a  hair-pin,  and  eontaininp  water,  which  is  substituted 
for  a  segment  of  the  blood-vessel,  in  which  it  is  ret^uired  to  measure  the  velocity 
of  tbe  blood's  elream.  The  column  of  blood  which  comes  from  the  heart  pushet 
the  column  of  water  before  it,  without  any  great  mixture  of  the  two  fluids  taking 
pluce,  and  in  passing  through  a  determined  spsce  it  takes  a  measureable  time, 
whence  it  may  be  calculated  how  far  the  blood  moves  in  a  second. 

The  following  description  will  explain  tbe  instrument  and  the  mode  of  usinc 
it.     At  \  (Fig-  67}  is  a  metal  tube^  an  inch  and  a  half  in  length;  the  ends  of 

Via.sr. 
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this  (a  ff)  are  conical,  and  fit  into  two  corresponding  conical  tubes  C^-,  it'),  made 
like  the  pipes  of  an  injecting  syringe,  bo  that  they  can  be  readily  fitted  into  aa 
nrtery,  A  stopcock  (t/)  conruiand^  the  channel  of  this  tube,  not  only  at  a',  bat 
also  by  two  cogged  wneeis,  at  a.  The  mechanism  of  this  arrangement  may  fc« 
readily  inderstood,  by  reference  to  the  adjoining  sections  of  the  portion  of  tie 
iustruaept  at  B  and  C,  and  the  view  of  its  other  surface  at  D  (r,  r'  D).  M 
A,  h'  are  two  short  tubes,  also  of  metal,  which  are  fitted  into  the  horiiontnl 
l>elow  the  stopcock,  and  so  that  their  channels  (as  shown  at  C)  may  eommi 
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eate  with,  and  be  exactly  equal  to,  that  of  the  borizoatal  tube.  The  stopcock 
(to  cnmmaDds  this  conimunieanon  likewise.  These  short  tubes  (A,  A')  fit 
exactly  upon  the  bent  plass  tuhe  (/>,  p),  and  complete  the  communication  be- 
tween its  channel,  and  that  of  (he  horizontal  tube  at  its  extremities.  When  the 
stopcock  is  turned  so  as  to  open  the  channel  of  the  horizontal  tube  throughout, 
as  at  B,  all  communication  with  the  piass  tube  is  cut  off:  on  tho  other  hand, 
when  the  communication  with  the  g\&m  tube  is  opened,  as  pt  C,  the  channel  of 
the  horizontal  tube  ia  stopped,  and  fluid  entering  at  n',  would  have  to  pass 
through  h',  and  to  traverse  both  limbs  of  the  phiss  tube  (p,  p)  emerging  at  n. 
For  the  protection  of  the  instrumcut  in  using  it,  the  glass  tube  is  attached  to  a 
board,  to  which  ia  fixed  a  scale  marked  in  metal. 

lu  order  to  use  the  instrumeut,  a  large  artery  is  freely  exposed  for  not  less 
than  three  inches,  and,  after  due  precaution  has  been  taken  to  counteract  htemor- 
rhape,  it  is  divided  by  cutting  out  a  piece  ;  the  conical  tubes  (I;  //)  arc  then 
fixed  into  the  open  ends  of  the  artery,  one  being  directed  towards  the  heart,  the 
other  towards  the  capillaries.  They  must  be  fixed  far  enough  apart,  to  admit  of 
the  introduction  of  the  horizontal  tube  (A)  between  them,  without  altering  the 
usual  direction  of  the  arterial  stream.  IV hen  this  tube  ia  fitted  to  the  conical 
pipe,  then  the  bent  glass  tube,  previously  filled  with  water,  must  be  fixed  to  it 
by  means  of  the  short  tubes  (A,  h\  C),  the  stopcock  being  so  turned  as  to  shut  off 
all  communication  with  the  glass  tube.  As  noon  as  the  iBstrument  has  been 
properly  fixed  in  the  artery,  the  blood  is  allowed  to  flow  into  the  glass  tube.  It 
may  be  now  seen  to  traverse  the  glass  lube  with  a  velocity  very  nearly  the  same 
as  it  has  in  the  artery,  and  in  doing  so,  it  pushes  the  water  before  it  into  the 
peripheral  blood-vesaelf,  with  (according  to  Volkmann)  only  a  very  slight  admix- 
ture between  the  two  fluids. 

By  trials  made  with  his  hremodronieter,  Volkmann  found,  in  the  ease  of  peven 
doCT,  that  ihe  blood  flowed  in  their  ciirntids  with  a  velocity  ranging  between 
206  and  857  millitnetres  in  a  second  ;  in  that  of  horFcs,  3(.t6  to  234 ;  in  the 
metatarsal  artery  of  the  horse,  56,  and  in  the  maxillary  artery  of  the  same  animal, 
i>9;  in  the  carotid  of  a  calf,  431.  The  average  velocity  in  the  carotids  of  mam- 
mals is  stated  by  Volkmann  to  be  300'  millimetres  in  a  second.*  —  Ed.]  It 
appears  from  ihe  observations  of  the  Frofrs.  Weber  already  referred-to  [§  256), 
that  the  velocity  undergoes  a  marked  intTcase  in  branches  of  arteries  whose 
diameter  ha?  been  diminished  by  the  contraction  of  their  walls,  the  accelernrion 
being  proportionate  to  the  narrowing  of  the  tube,  as  might  d prt'ori  be  expected; 
a  gradual  retardation  took  place  with  the  return  of  the  arterr  to  the  original 
diameter;  and  when,  as  sometimes  happened,  the  vessel  diltited  to  more  tban  its 
former  dimensions,  a  positive  diminution  in  the  rate  of  movement  in  the  blood 
was  observable. 

263.  Tho  fateraf  pressure  of  the  blood  against  the  walls  of  the  arteries  was 
affirmed  by  Poisseuille  to  be  equal  throughout  the  whole  arterial  system;  but 
the  more  accurate  experiments  of  Volkmann  (made  with  Ludwig's  '  kymogra- 
phion,'  which  is  a  far  more  trustworthy  instrument  than  the  *  ha?madynamometer* 
of  Poisseuillo)  have  shown  that  this  etatement  is  far  from  being  correct.  The 
pressure  of  the  blood,  he  remarks,  i^  no  constant  magnitude,  but  is  iDces.saoflj 
changing  according  to  the  stroke  of  the  heart,  the  movements  of  respiration,  and 
the  muscular  actions  of  the  body  generally.  A  gradual  diminution  of  its 
amount,  however,  may  be  nearly  constantly  traced  from  the  commencemeut  of  the 
arterial  to  the  termination  of  the  venous  system;  and  this  is  to  bo  partly  ac- 
counted-for  by  the  increase  in  the  calibre  of  the  vascular  system,  which  takeii 
place  as  we  pass  from  the  arterial  trunks  to  their  ronrifieations  (§  255),  and  titill 
more  from  the  arterial  to  the  venous  system  (§  277);  and  partly  by  the  diminu- 

'  ToTeraMy  close  opproximationii  to  the  rnlue  of  tbeie  measnrementB  ia  Euglish  inches, 
mnj  be  ohiained  bv  divulinp  cnoh  nunibpr  liy  25. 
•  ••  Todd  and  Bowman's  Physiological  .Anatomy,"  Am,  Ed, 
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tion  of  resi^tuQce  (which  is  the  eaacntial  cause  of  the  lateral  pressure)  u  th« 
blaad  uioves-oiiwarda  towarda  ita  point  of  discharge  (§  260).  The  foUoving 
table  presents  the  results  of  Volkmann's  observations  (Op.  cit.  p.  173)  upon  tbt 
relative  lateral  presRuro  at  four  points  of  the  circulutioo  in  differeDt  animiili, 
namely  (i.)  the  carol  id  near  its  origin  (II.)  a  peripheral  branch  of  the  carotid  or 
gome  other  artery  (ill.)  a  peripheral  rootlet  of  a  vein,  and  (iv.)  the  jugular 

Tain : — 

1.  n.  Ri.  IT. 

126  41  18 

97  44  21-6 

148  27-6  9 


Goat 135 

Horse 122 

Calf 166  6 


A  blood-pressure  equivalent  to  a  column  of  mercury  160  luilllra.  (6-3  inches)  in 
height,  was  assumed  by  Poisseuille  as  the  standard  for  all  arteries  and  for  «11 
Mammalia,  and  therefore  (by  inference)  for  Mud.  It  has  been  shown  by 
Ludwig  and  Vulkmann,  however,  that  the  range  of  variation  is  very  wide,  being 
in  the  carotid  of  the  Horse  from  150  to  321,  and  being  not  less  in  other  nni- 
mals.  Hence  it  is  obvious  that  no  precise  specification  can  be  laid-down  apoa 
this  point. 

4.   Movement  of  the  BhyxJ  in  the  Capillaries. 

264.  In  Man,  as  in  all  the  higher  Animals,  —  in  the  adult  condition  at  least, 
■ — the  Capillary  circulation  is  almost  entirely  carried-on  through  tubes  havintj 
distinct  membranous  parictes ;  the  only  known  exception  being  in  the  cas«  of 
the  Spleen  (§  142).  These  tubes  eoiumouly  form  a  minutely-anastomosing  net- 
work (Fig.  68);  into  which  the  blood  is  brought  by  the  ramiiicatioas  of  the  Mte- 


-?ii^ 


Fig.  66, 


'M 


*^- 


xnf 


OupUlary  plexui  la  a  portion  of  the  web  of  a  Frog'*  foot,  magnified  110  diameters  : — 1,  trunk 
of  vein  ;  2,  2,  ita  bruoches;  3,  3,  pigmcDt-oelU. 

ries  on  one  side,  and  from  which  it  is  returned  by  the  rndiclea  of  the  veins  on 
the  other.  The  walla  of  the  tubes  are  coroposed  of  a  delicate  membrane,  in 
which  an  appearance  of  transverse  Btriiition  (as  if  produced  by  minute  annular 
fibres)  can  sometimes  be  diseerned ;  they  contain  nothing,  however,  that  is  in  the 
least  degree  comparable  to  any  form  of  muitcular  fibre.     Bodies  having  the 
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pearaoce  of  ceU-nuclei  may  frequently  he  seen  in  the  walla  of  the  cnpillaries  of 
embryos  and  of  tadpoles;  aad  tbe8«  are  too  wide  apart  to  warrunt  the  idea,  tbat 
tbey  are  the  nuclei  of  epithelial  cells,  such  as  those  which  line  the  larger  vessels. 
Similar  nuclei  may  be  brought  into  view  iu  the  capillaries  of  adult  animals,  byl 
treating  them  with  acetic  acid ;  and  they  are  particularly  well  aeen  in  tbe  Pia 
Mater,  which  consists  almost  entirely  of  a  congeries  of  blood-vesBels  (Fig.  69.) 

Fie.  «9. 


OafiUmf  Bbod-pnttU  iW>ni  Pia  Mat«r: — a,  calibre  of  thtf  tube,  parllj  (wonpied  by  oral  nn- 
dei.  alteroktelj  arranged  leaf^wayt,  and  epithelial  in  their  character ;  h,  b,  b,  nuclei  projectini; 
on  tbe  exterior  of  the  tube;  e,  o,  walls,  and  d,  calibre,  of  a  largo  bnuicii;  /,/,  ovul  nuclei,  ar. 
ranged  traasTeraeljr.     Magnified  410  diameters. 

The  acoompanying  figure  shows  the  contrast  between  tbe  long  oval  nuclei  6,  h, 
imbedded  at  intervals  in  the  walls  of  the  true  capillaries,  and  rather  projecting 
on  their  exterior;  and  the  nuclei  of  the  epithelium-cells,/,/,  lining  the  interior 
of  a  large  branch,  which  last  are  more  numerous  and  of  less  regular  form,  and 
are  sometimes  placed  transversely  to  the  direction  of  the  tube.  The  diameter 
of  the  Capillurios  varies  in  different  animals,  in  accordance  with  that  of  their 
blood-corpuscles;  tUu.s  the  Capillaries  of  the  Frog  are,  of  course,  much  larger 
than  those  of  Man.  The  ordinary  diameter  of  tbe  latter  appears,  from  the 
measurements  of  Weber,  Miiiler,  and  others^  to  vary  from  the  1 -3700th  to  tho 
l-2500th  of  an  inch ;  the  extremes,  however,  are  stated  by  Kolliker  at  as  little 
as  l-5G00tb  and  as  much  as  l-1870th  of  an  inch.  As  tbe  diameter  of  the 
Human  capillaries,  however,  can  only  be  examined  after  death,  it  is  probable  that 
these  statements  may  not  be  altogether  exact,  partic-ularly  as  tubes  of  the  smallest 
of  the  above  sixes  would  not  admit  ordinary  blood-corpusclcB.  The  dimensions 
of  the  individual  vessels,  indeed,  are  by  no  means  constant;  as  may  be  eecn  by 
watching  the  Circulation  in  any  transparent  part,  for  some  little  time.  Putting 
aside  the  general  changes  in  diameter,  which  result  from  circumstances  affecting 
ftll  the  capillaries  of  a  part,  it  may  be  observed  that  a  single  capillary  will  some- 
es  enlarge  or  contract  by  itself,  without  any  obvious  cause.  Thus,  the  stream 
blood  will  sometimes  be  seen  to  run  into  passnges,  which  were  not  before  per- 
ceived ;  and  it  has  hence  been  supposed  that  they  were  new  excavations,  formed 
by  the  retreating  or  removal  nf  the  solid  tissue  through  whicb  it  passes.  But  a 
more  attentive  examination  (vhows,  that  such  passages  are  real  capillaries,  which 
did  not,  at  tbe  time  of  the  first  observatioD,  admit  the  stream  of  blood-curpusclc:i,, 
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io  consequence  of  the  contraction  of  their  calibre^  or  of  some  other  local  impedi- 
ment; and  that  they  are  brought  into  view  by  the  cimple  increase  in  tbetr 
dianietor.  Tho  couiprepeion  of  one  of  the  ainall  arteries  will  jreiicrally  occasion 
BD  oscillation  of  the  corpuscles  of  blood  in  the  smallest  capillaries,  which  will  be 
followed  bj  the  disappearance  of  some  of  them ;  but  when  the  obstruction  ii 
removed,  the  blood  soon  regains  ita  previous  velocity  and  force,  and  flows  into 
exactly  the  same  passages  as  before, 

2G5.  The  opinion  was  long  entertained,  that  there  are  vessels  adapted  to 
supply  the  white  or  colourless  tissues;  carrying  from  the  arteries  the  ' liquor  sao- 
puinis,'  and  leaving  the  corpuscles  behind^  through  iuabilify  to  receive  them. 
}{iit  .auch  a  supposition  is  altogether  groundless.  8ame  of  the  white  tissues,  u 
Cartilage,  are  altogether  destitute  of  vessels;  and  in  others,  the  supply  of  blood 
is  so  scanty,  as  not  to  communicate  to  them  any  decided  hue.  The  idea  that 
Nutrition  can  onfi^  be  carricd-on  by  means  of  Capillary  vcf-stls,  is  entirely  gra- 
tuitous ;  for  there  is  no  essential  differeuc*  between  the  nutriiion  of  the  non-T»- 
cular  tissues,  and  that  of  the  isleta  in  the  midst  of  the  network  of  capillary 
vessels  which  traverses  the  most  vascular.  In  both  cases,  the  nutrient  materials 
conveyed  by  the  blood  are  absorbed  by  the  cells  or  other  elementary  parts  of  the 
tissue  immediiitely  adjoining  the  vessels,  and  are  imparted  by  them  to  oth^-n 
which  are  further  removed ;  and  the  only  difference  lies  in  the  amount  of  the 
portion  of  tissue  which  has  to  be  thus  traversed,  so  that  we  are  only  required  to 
extend  our  ideas,  from  the  lurj^est  of  the  islet-s  which  we  find  in  the  vascular 
tissues,  to  the  still  more  isolated  structures  of  which  the  non-vascular  tissues  arc 
composed. — The  disposiiion  nf  the  Capillaries,  both  as  to  the  degree  of  minute- 
ness and  the  plan  of  reticulation  which  they  form,  vary  so  greatly  in  the  differeot 
vascular  tissues,  that  it  is  possible  to  st-ste  with  tolerable  certainty  the  nature  of 
the  purt,  from  which  any  specimen  has  been  detached, — whether  a  portion  of  skin 
(Fig.  7U),  mucous  membrane  (Fig.  71),  serous  membrane,  muscle  (Fip.  7'J), 
nerve,  fat  (Fig-  73),  areolar  tissue,  gland  (Fig.  17),  &c.     The  degree  of  mioote- 
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ness  is  obviously  in  accordance  wiibtbe  eopiouHnesB  of  the  supply  of  blood  wbicl 
is  required  for  the  purpuses  of  its  circulation  through  the  part;  thus  the  plexus 
is  closest,  where  6ome  change  is  to  be  effected  on  the  blot>d  itself,  as  in  the  ab 
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Borbent,  respiratory,  and  pecrctinp  organs;  whilst  it  13  widest  in  those  parts 
which  receive  the  blood,  aolely  for  their  own  nutrition, — the  nervous  centres  and 
muscles  having  a  more  niinule  reticulation  than  is  seen  in  the  penenility  of  the 
last-fiamed  parts,  in  virtue  of  the  peculiar  activity  of  *he  molecular  chijnges 
which  take  place  in  them.  But  the  arniiigenicnt  of  vessels  peculiar  to  each,  evi- 
dently has  reference  only  to  the  convenience  of  the  difeitribulion  nf  bloc^d  among 
the  elementary  parts  of  the  tissue,  and  varies  with  their  form.  It  is  not  possible 
to  imagine  that  it  baa  any  other  rdalion  than  this  to  thvir  function ;  £>ince  the 
function  of  each  separate  element  of  the  orjrnn,  of  which  that  of  the  entire 
organ  is  the  agp'egate,  is  due  to  its  own  inhorent  vital  powers,  —  the  supply  of 
blood  being  only  required,  as  furnishing  the  material  on  which  these  are  to  be 
exercised. 

266.  The  average  rot^  of  movemnit  of  the  blood  through  the  capillary  system, 
niay  be  determined  with  tolerable  prfcision  by  micropcopic  measurement;  and 
the  observations  of  Uales,  Valentin  and  Weber  concur  in  repretienting  it  to  be 
from  1  inch  to  \\  inch  per  minute  in  the  syHtemio  CBpillnries  of  the  Frog;  1-2 
inch  per  minute,  or  02  inch  per  second,  b<'ing  about  tlio  overago.  In  warm- 
blooded animals,  however,  the  capillary  circulation  is  probably  much  more  rapid 
than  this;  the  obeervations  of  Yolkmann  upon  the  mesenteric  arteries  of  the 
Dog  make  its  rate  about  -03  inch  per  second,  or  IS  inch  per  minute;  and  it 
seems  reasonable  to  suppose  that  the  exposure  of  the  membrane  to  the  cool  air 
would  produce  a  considerable  reduction  in  the  normal  rapidity  of  the  flow  of 
blood  through  it.  Assuming  "03  inch  per  second,  however,  as  the  rate,  and  com- 
paring this  with  the  rate  of  movement  of  the  blood  in  the  larger  arteries,  which 
seems  on  the  average  to  be  11-8  inches  per  second,  it  is  calculated  by  Volkmano 
that  the  aggregate  area  of  the  capillaries  (being  in  an  inverse  ratio  to  the  rate  of 
the  blood's  movement  through  them)  must  be  nearly /our  hundred  times  that  of 
the  arterial  trunks  which  supply  them.' 

2G7.  That  the  movement  of  the  Blood  through  the  Capillary  system  of  ves- 
sels, is  mainly  dependent  upon  the  foR-e  which  it  derives  from  the  Heart  and 
from  the  coats  of  the  Arteries,  is  a  matter  altogether  beyond  dispute.  But  it  is 
a  most  important  question,  not  merely  in  itself,  but  in  its  bearing  on  one  of  the 
fundiiuieutal  questions  of  Pathology, — the  nature  of  Inflammation, — whether  the 
Capillary  circulation  ift  influenced  by  anj/  other  agency  than  the  contractile  power 
of  the  Heart  and  Arterial  sy.''lem ;  some  Physiologists  maintaining,  that  thia 
alone  is  sufficient  to  account  for  all  the  phenomena  of  the  Capillary  circulation; 
and  others  asserting,  that  it  is  necesvSiiry  to  admit  some  suppteroentary  force, 
which  may  be  exerted  either  to  assist,  retard,  or  regulate  the  flow  of  blood  from 
the  Arteries  into  the  Veins.  We  shall  first  consider  the  evidence  which  may 
justify  an  affirmative  conclusion  as  to  the  existence  of  such  force;  and  shall  then 
examine  into  its  nature.  —  No  physiological  fact  seems  to  the  Author  to  be  more 
clearly  proved,  than  the  existence,  in  the  lower  classes  of  Animals,  aa  well  as  in 
Plants,  of  some  power  independent  of  a  I'l*  d  terf/o,  by  which  the  nutritive  flaid 
is  caused  to  move  through  their  vessels.*  Thia  power  appears  to  originate  in  the 
circulation  itself,  and  to  be  closely  connected  with  the  state  of  the  Nutritive  and 
Secreting  processes :  since  anything  which  stimulates  these  to  increa.sed  energy, 
accelerates  the  movement ;  whilst  any  check  to  them  occasions  a  correspondiog 
stagnation.  It  may  be  convenient  to  designate  this  motor  force,  by  the  name  of 
ropillary  potofT ;  it  being  clearly  understood,  however,  that  no  mechanical  pro- 
pulsion is  thence  implied.  On  ascending  the  Animal  scale,  we  find  the  power 
which,  in  the  lower  organisms,  is  diffused  through  the  whole  system,  gradually 
concentrated  in  a  single  part;  a  new  force,  that  of  the  Heart,  being  brought  into 
operation,  and  the  Circulation  placed,  in  a  greater  or  less  degree,  under  its  con- 
trol.    Still  there  is  evidence,  that  the  movement  of  blood  through  the  capillarien 

'  "  Himodynaroik,"  pp.  184,  204. 

*  See  *'  Princ.  of  Ccmp.  Phjs.,"  eh&p.  v.,  Am.  Ed. 


270 


OF  THE  CIRCULATION  OP  THE  BLOOD. 


is  not  entirely  due  to  this ;  since  it  may  continue  after  the  cessation  of  tho  Hmif  i 
action,  may  itself  cease  in  particular  organs  when  the  Heart  is  still  acting 
vigorously,  and  ia  constantly  being  affected  in  anioiint  and  rapidity,  by  caosra 
originating  in  the  part  itself,  and  in  no  way  affecting  the  Heart. — The  chief 
proofs  of  these  statements  will  now  be  adverted-to. 

268.  When  the  flow  of  blood  through  the  CapiHarieB  of  a  trangparent  part, 
such  as  the  web  of  a  Frog's  foot,  is  observed  with  the  MicroBcope,  it  appears  al 
first  to  take  place  with  great  evenness  and  regularity.  But  on  watching  the 
tuovement  for  some  time,  various  changes  rany  be  observed,  which  cannot  be  it- 
tributed  to  the  Heart's  influence,  and  which  show  that  a  certaia  regulating  or 
distributive  power  exists  in  the  walls  of  the  capillaries,  or  in  the  tissues  whith 
they  traverse.  Some  of  thepe  changes,  involving  variations  in  tbc  size  of  the 
capillary  tubes,  have  been  already  refcrred-to  (§  2G4).  Others,  however,  we 
roanift'Sted  in  great  and  sudden  alterations  in  the  velocity  of  the  current ;  which 
cause  a  marked  difference  in  the  rates  of  the  movement  of  the  blood,  through 
the  several  parts  of  the  area  under  observation.  Sometimes  thia  variatioo 
extends  even  to  the  entire  reversal  for  a  time,  of  the  direction  of  the  moTement, 
in  certain  of  the  transverse  or  communicating  branches;  tho  flow  always  takug 
place,  of  course,  from  the  stronger  towards  the  wealjer  current.  Not  nofi^ 
quently,  an  entire  stagnation  of  the  current  in  some  particular  tube,  precedes 
thi-s  reversal  of  its  direction.  Irregularities  of  this  kind,  however,  are  mow 
frequent  when  the  Heart's  action  is  partly  interrupted ;  as  it  usually  is  by  the 
pressure  to  which  tho  tadpole  or  other  animal  must  be  subjected,  in  order  to  allow 
microscopic  observattons  to  be  made  upon  its  circulation.  Under  such  circum* 
stances,  the  varieties  in  tho  capillary  circulation,  induced  by  causes  purely  local, 
become  very  conspicuous ;  for  when  the  whole  current  is  nearly  stagnated,  and  a 
fresh  impulse  from  the  heart  renews  it,  the  movement  is  not  by  any  means  uni- 
form (as  it  might  have  been  expected  to  be)  through  the  whole  plexus  supphed 
by  one  arterial  trunk,  but  is  much  greater  in  some  of  the  tubes  than  it  is  ia 
others;  the  variation  being  in  no  degree  connected  with  their  sise,  sod  being 
very  different  at  short  intervals. 

269,  The  movement  of  the  blood  in  the  Capillaries  of  cold-blooded  animals, 
after  complete  excision  of  the  Heart,  has  been  repeatedly  witnessed.  In  warm- 
blooded animals,  this  cannot  be  satisfactorily  established  .by  experiment,  sioce 
the  shock  occasioned  by  so  severe  an  operation  much  sooner  destroys  the  general 
vitality  of  the  system ;  but  it  may  be  proved  in  other  ways  to  take  place.  After 
most  kinds  of  natural  death,  the  arterial  system  is  found,  suKsequently  to  tb« 
lapse  of  a  few  hours,  almost  or  completely  emptied  of  blood ;  this  is  partly,  no 
doubt,  the  effect  of  the  tonic  contraction  of  the  tubes  themselves;  but  the 
emptying  is  commonly  more  complete  than  could  be  thus  accounted-for,  and  most 
therefore  be  partly  due  to  the  continuance  of  the  capillary  circulation.  It  htt 
been  observed  by  Dr.  Bonnet  Dowlcr,'  that  in  tho  bodies  of  individuals  who  have 
died  from  yellow  fever,  the  external  veins  frequently  became  so  distended  with 
blood  within  a  few  nnnules  after  the  cessation  of  the  heart's  action,  that,  when 
they  are  opened,  the  blood  flows  in  a  good  stream,  being  sometimes  projected  to 
the  distance  of  a  foot  or  more,  especially  when  pressure  is  applied  above  the 
puncture,  as  in  ordinary  blood-letting.  It  ia  not  conceivable  that  the  slowly- 
acting  tonicity  of  the  arteries  should  have  produced  such  a  result  as  this ;  which 
can  scarcely,  therefore,  be  attributed  to  anything  else  than  the  sustenance  of  the 
capillary  circulation  by  forces  generated  within  itself.  Further,  it  has  been  well 
ascertained  that  a  real  process  of  secretion  not  unfrequeotly  continues  after  gene- 
ral or  somatic  death ;  urine  has  been  poured-out  by  the  ureters,  sweat  exuded 
from  the  skin,  and  other  peculiar  secretions  formed  by  their  glands ;  and  these 
ohauges  could  scarcely  have  taken  place,  unless  the  capillary  circulation  were  still 

•  "  Reaearclies,  Critical  anrl  Experimental,  on  the  Capillar;  CirculatioD,  reprinted  fronJ 
the  "  New  Orleaas  Medical  aud  Surgical  Journal,"  Jan.  1841*. 


MOVEMENT    OF    THE    BLOOD    IN    THE    CAPILLARIES.     271 

continuing.  In  the  early  embryonic  condition  of  the  hiphest  animaJB,  the  move- 
ment of  blood  seems  to  he  unquesttoDBhly  due  to  eoine  diffused  ptiwer,  independ- 
ent of  any  central  impulsion;  for  it  may  be  &een  to  commence  in  tbc  Vasealar 
Area,  before  it  is  suhjccted  to  the  influence  of  the  Heart.  The  first  moTcment 
is  tmcarJf,  instead  of  from,  the  centre;  and  even  for  some  (ime  after  the  circu- 
lation has  been  fairly  eatablished,  the  walla  of  the  Heart  coneist  Dierely  of  oella 
loosely  attached  together,  and  can  hardly  be  supposed  to  have  any  great  contrac- 
tile power. 

270.  The  last  of  these  facts  may  be  said  not  to  have  any  direct  bearing  on  the 
queptinn,  whether  the  'capillary  power'  has  any  eiisitence  in  the  adult  condition  ; 
but  the  phenomena  occasionally  presented  by  the  feetus,  at  a  later  stage,  appear 
decisive.  Cases  are  of  no  very  unfrrtjiient  occurrence,  in  which  the  heart  is 
absent  during  the  whole  of  embryonic  life,  and  yet  the  greater  part  of  the  organa 
are  well  developed.  In  most  or  alt  of  these  eases,  it  is  true,  a  perfect  twin  fcctus 
exists,  of  which  the  placenta  is  in  some  degree  united  with  that  of  the  imperfett 
one;  and  it  has  been  customary  to  attribute  the  circulation  in  tlie  latter  to  the 
influence  of  the  heart  of  the  former,  propagated  through  the  placental  vessels. 
This  supposition  bad  not  been  disproved  (bowcver  improbable  it  might  seem), 
until  a  case  of  this  kind  occurred,  which  was  submitted  to  the  most  careful  ex- 
amination by  an  aceotnpHshed  anatomist;'  when  the  decisive  result  was  obtained, 
that  it  seemed  impossible  for  the  heart  of  the  twin-foetus  to  have  occasioned  the 
movement  of  blood  in  the  imperfe<'t  one,  and  that  some  cause  present  in  the 
latter  must  have  been  sufficient  for  the  propultifon  of  blood  through  its  vessels. 
It  was  a  very  curious  anomaly  in  this  case,  that  the  usual  functions  of  the  arteries 
and  veins  must  have  been  reversed ;  for  the  Vena  Cava,  receiving  its  blood  from 
the  nmbilicaJ  vein  nearly  as  usual,  had  no  communication  with  the  Arterial 
system  (the  Heart  being  absent),  except  through  the  systemic  cfipillaries ;  to 
which,  therefore,  the  blood  must  have  next  proceeded,  returning  to  the  placenta 
by  tlie  umbilical  artery.  Thi.s  view  of  the  course  of  the  blood  was  confirmed  by 
the  fact,  that  the  veins  were  everywhere  destitute  of  valves, — It  is  evident  that  a 
single  case  of  this  kind,  if  unequivocally  dcmoustrated,  furnishes  all  the  proof 
that  can  be  needed,  of  the  existence,  even  in  the  highest  animals,  of  a  '  capillary 
power;'  which,  though  usually  subordinate  to  the  Heart's  action,  is  sufBoiently 
strong  to  maintain  the  circulation  by  itself,  when  the  power  of  the  central  organ 
is  diminished.  In  this,  as  in  many  other  cases,  we  may  observe  a  remarkable 
capability  in  the  living  system,  of  adapting  itself  to  exigencies.  In  the  acardtne 
Foetus,  the  'capillary  power'  supplies  the  place  of  the  Heart,  up  to  the  period 
of  birth;  after  which,  of  course,  the  circulfltion  ceases,  for  wnnt  of  due  aeration 
of  the  blood.  It  has  occasionally  been  noticed,  that  a  gradual  degeneration  in 
the  structure  of  the  Heart  has  taken-place  during  life,  to  such  an  extent  that 
scarcely  any  muscular  tissue  could  at  la<^t  be  detected  in  it,  but  without  any  such 
interruption  to  tbc  circulation  as  must  have  been  anticipated^  if  this  organ  fur- 
nishes the  sole  impelling  force. 

271.  Further,  it  is  a  general  principle,  unquestioned  by  any  Phj-siologist,  and 
emlwdied  in  the  ancient  aphorism  L  hi  sfimithtSf  lii'jffwarwa,  that,  when  there  is 
any  local  excitement  to  the  processes  of  Nutrition,  Secretion,  &c.,  a  determination 
of  blood  towarih  the  part  speedily  takes  place,  and  the  motion  of  blood  throvgh 
it  \&  increased  in  rapidity;  and  although  it  might  be  urged,  that  this  increased 
determination  may  not  be  the  effect,  but  the  cause,  of  the  increased  local  action, 
such  an  opinion  could  not  be  sustained  without  many  inconsistencies  with  posi- 
tive facts.     For  it  is  known  that  such  local  determinations  may  take  place,  not 

'  See  Dr.  Hoaston  in  the  "  Dablin  Medical  Jonmal,"  1837.  —  An  attempt  wan  mode  by 
Dr.  M.  Hull  ("Edinb.  Monthly  Journal,"  INS)  to  disproTe  Dr.  Houslon's  inferenrea; 
bat  a  most  satiafaetorj  reply  was  given  by  Dr.  Houston,  at  the  Meeting  or  tiie  Britiah 
Asanctdtion,  An^at,  1&48,  and  published  in  the  "  Dublin  Journal,"  Jan.,  1844.  S«e  alu 
"  Ediub.  Med.  and  Surg.  Jouru.,  July,  1844. 
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only  03  a  part  of  the  regular  phenomena  of  growth  and  development  (a«  in  the 
case  of  the  entire  genit«il  aystem  at  the  time  of  puberty  and  of  periodical  heat, 
the  uterua  after  conception,  and  the  mamnire  after  parturition),  but  aU<o  as  a  con- 
sequence of  a  strictly  local  cause.  Thus,  the  student  is  well  aware  that,  after 
several  hours'  close  application,  there  is  coninionly  an  increased  determination  of 
blood  to  the  brain,  causing  a  sense  of  oppression,  a  feeling  of  beat,  and  fre- 
quently  a  diminished  action  in  other  parts ;  and,  again,  when  the  capillary  circa* 
latioQ  is  being  examined  under  the  microscope,  it  is  seen  to  be  quickened  by 
moderate  t^timuli,  and  to  be  equally  retarded  by  depressing  agents-  AH  these 
facta  harmonize  completely  with  the  phenomenii,  which  are  yet  more  striking  io 
the  lower  classes  of  organized  beings,  and  which  are  evidently  in  accordance  with 
the  same  laws. 

272.  It  is  equally  capable  of  proof,  on  the  other  hand,  that  an  influence  gene- 
rated in  the  Capillaries  may  afford  a  complete  check  to  the  circulation  in  tha 
part;  even  when  the  Heart's  action  is  unimpaired,  and  no  mechanical  impedi- 
ment exists  to  the  transmission  of  blood.  Thus,  cases  of  eipontaneous  Gangrenfl 
of  the  lower  extremities  are  of  no  unfrequent  occurrence,  in  which  the  death  of 
the  solid  tissues  is  clearly  connected  with  a  local  decline  of  the  circulation  ;  and 
in  which  it  has  been  shown  by  examination  of  the  limb  after  its  removal,  that 
both  the  larger  tubes  and  the  capillaries  were  completely  pervious  ;  so  that  the 
cessation  of  the  flow  of  blood  could  not  be  attributed  to  any  impediment,  except 
that  arising  from  the  cessation  of  some  power  which  exists  in  the  oapillaries,  aod 
which  is  neoessnry  for  the  maintenance  of  the  current  through  them.  The  in- 
fluence of  the  prolonged  application  of  Cold  to  a  part,  may  be  quoted  in  support 
of  the  same  general  proposition ;  for,  althoujrh  the  calibre  of  the  vejsels  may  be 
diminished  by  this  agent,  yet  their  contraction  is  not  sufficient  to  account  for 
that  tomplete  cessation  of  the  flow  of  blood  through  them,  which  is  well  known 
to  occur,  and  to  terminate  in  the  loss  of  their  vitality.  The  most  remarkable 
eviilenee  on  this  point,  however,  is  derived  from  the  phenomena  of  Asphyxia, 
which  will  bo  more  fully  explained  in  the  succeeding  Chapter  (§§326,  327).  At 
present  it  may  be  stated  as  a  fact,  which  has  now  been  very  satisfactorily  ascer- 
tained, that,  if  admission  of  air  into  the  lungs  be  prevented,  the  circulation 
through  them  will  be  brought  to  a  stand,  as  sonn  as  the  air  which  they  contain 
has  been  to  a  great  degree  deprived  of  its  oxygen,  or  rather  haa  become  loaded 
with  carbonic  acid;  and  this  stJignattnn  will,  of  course,  be  conuunnicated  to  all 
the  rest  of  the  &yf«tem.  Yet,  if  it  have  not  continued  sufficiently  long  to  causo 
the  loss  of  vitality  in  the  nervous  centres,  the  movement  may  be  renewed  by  the 
adniissinn  of  air  into  the  lungs.  Now  although  it  has  been  asserted,  that  tfaa 
stagnation  is  due  to  a  mechanical  impediment,  resulting  from  the  contracted  state 
of  the  lungs  in  such  cases,  this  has  been  clearly  proved  not  to  be  the  fact,  by 
cflxiaing  anttnala  to  breathe  a  gas  destitute  of  oxygen,  so  as  to  produce  Asphyxia 
in  a  different  manner;  for  the  same  Htagnation  rc.«)ults,  as  in  the  other  ease. 

273.  If  the  phenomena  which  have  been  here  brought  together,  be  considered 
za  establishing  the  existence,  in  all  classes  of  beings  pos.sessing  a  circulating 
apparatus,  of  a  '  Capillary  power,'  which  affords  a  necessary  condition  for  the 
movement  of  the  nutritious  fluid,  through  those  parts  in  which  it  comes  into 
more  immediate  relation  with  the  solids,  the  question  still  rennins  open,  what  is 
the  nature  of  tbut  power.  —  It  is  very  doubtful  whether  the  Capillaries  powesa 
true  contractility;  for  although  their  diameter  is  subject  to  great  variation,  yet 
this  may  be  due  simply  to  the  elasticity  of  their  walls,  which  tends  to  keep  them 
constantly  contracted  upon  the  stream  of  blood  that  passea  through  them;  and 
there  is  no  adequate  proof  that  the  alterations  in  their  size,  which  are  consequent 
upon  the  local  application  of  stimuli,  proceed  from  any  other  source  than  the 
alteration  in  the  quantity  of  blood  delivered  to  them  by  the  minute  arteries,  the 
very  considerable  alterations  in  whose  calibre  under  such  influences  have  been 
already  described  (§§  256,  257).     In  the  experimeota  of  the  Profra.  Weber  (loe. 
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oit.),  the  application  of  the  electric  stimulus  to  the  capillaries  prodncod  no  clian)i;e 
in  their  diameter.  Even  Bupposinjr  the  capillaries,"  however,  to  possess  such  :in 
jBdepcnd>.-nt  contractility,  this  could  not  exert  itself  in  aidiof?  the  flow  of  blood 
,lkl«ujj'h  ihem,  except  either  by  rhythnncal  alteniutions  of  contraction  and  dila- 
tation, or  by  some  kind  of  peristaltic  movement  j  and  observation  completely 
negatives  the  idea  of  the  existence  of  any  such  movement,  since  the  stream  of 
blood,  now  rendered  continuous  by  the  elasticity  of  the  arteries,  paBses  through 
the  capillaries  as  through  tubes  of  ghiss.  Hence  the  notion  of  any  nvchanical 
asoistance,  afforded  by  the  action  of  the  walls  of  the  Capillarioa  to  the  movement 
of  blftod  through  them,  must  be  altojiethcr  dismissed. 

274.  There  is  experimental  evidence,  however,  that  the  movement  of  the 
blood  may  be  affocted  by  any  apency  which  alters  the  chemicO'Vi'Utl  relations 
between  the  blood  and  the  tissues  which  it  permeates.  Thus,  when  the  ititer- 
mpted  electric  current  was  applied  to  the  capillaries  by  the  Profrs.  Weber,  they 
noticed  that  the  blood-corpuscles  f<howed  a  reinnrkable  tendency  to  adhere  to  each 
other  and  to  the  walls  of  the  vessels,  so  as  to  produce  a  great  amount  of  friction 
and  a  consequent  retardation  ;  the  continual  arrival  of  new  corpusc!e»  thus  pro- 
daces  an  accumulation  which  completely  fills  the  vessels  of  the  part,  and  thus 
occasions  a  total  staj^oniion ;  hut  this  f»ive8  place  to  the  renewal  of  the  current 
by  the  dispersion  of  the  corpuscles,  soon  after  the  withdrawal  of  the  stimulus. 
A  very  similar  set  of  phenomena  has  been  observed  by  Mr.  Wharton  Jones,'  as 
the  consequence  of  the  direction  of  a  stream  of  carbonic  acid  asiainst  the  capil- 
lary network.  And  the  depression  of  the  vitality  of  the  part,  by  such  injiirips 
a  tend  to  excite  Inflammation  in  it,  produces  a  like  stagnation.  Tbis  effect 
cannot  be  attributed  to  mechanical  obstruction  in  the  vessels,  for  they  are  usnally 
diluted  rather  than  contracted,  when  tbis  condition  exists;  and  without  any 
cbaao:e  in  the  dimensions  of  a  tube,  the  stream  of  blood  through  it  may  be  seen 
decreasing  from  extreme  velocity  to  complete  stagnation.*  —  That  alternaiions  in 
the  chemical  state  of  the  blood  (involving,  of  course,  important  changes  in  its 
vitaJ  properties)  are  capable  of  exercising  a  most  important  effect  on  the  Capillary 
circulation,  is  shown,  not  merely  by  the  stagnation  of  the  pulmonary  Circulation 
in  Asphyxia  (§  3'27),  but  by  the  curious  fact  ascert^iined  by  Dr.  J.  Rcid,"  that 
the  blood,  when  imperfectly  arterialised.  is  retarded  in  the  »tf*tcmic  copillaries, 
causing  an  increased  pressure  on  the  walls  of  the  arteries.  He  found  thut,  when 
the  ingregs  of  air  through  the  trachea  of  a  Dog;^was  prevented,  and  the  Asphyxia 
was  proceeding  to  the  stage  of  insensibility,  —  Ihe  attempts  at  inspiration  being 
few  and  laboured,  and  the  blood  in  an  exposed  artery  being  quite  venous  in  its 
character, — the  pressure  upon  the  arterial  wmIIs,  as  indicated  by  the  hiemadyna- 
mometer  applied  to  the  femoral  artery,  was  much  greater  than  u-TOal.  Upon 
applying  a  similar  test  to  a  vein,  however,  it  was  found  that  the  pressure  was 
proportionably  diminished;  whence  it  became  apparent,  that  there  was  an  un- 
usual obstruction  to  the  passage  of  venous  blood  through  the  systemic  capillaries. 
After  this  period,  however,  the  mercury  in  the  hrcmadynamomctcr  applied  to  the 
artery  began  to  fall  steadily,  and  at  last  rapidly,  in  consefjuence  of  the  dimi- 
nished force  of  the  heart,  and  the  retartlation  of  the  blood  in  the  pulmonic  eapil- 
Iari££ ;  but,  if  atmospheric  air  was  admitted,  the  mercury  rose  instantljf,  showing 
that  the  renewal  of  the  proper  chemical  stite  of  the  blood  restored  the  conditioo 
neeeaaary  for  its  circulatiou  through  the  capillaries.* 

•  ••  Brit  and  For.  Med,  aeTie-ir,"  vol,  lir.  p.  600. 

»  Sefl  Mr.  P*jret,  Op.  cit.  p.  .511. — The  Author  hail  long  previously  aotisfied  himself  thai 
gneh  waa  the  fnct ;  and  is  glad  to  be  able  to  c'lle  Iha  far  more  extended  observations  of 
Mr.  Paget  on  this  point,  in  conlinnation  of  his  awn. 

»  "Edinb.  Med.  and  Surg,  Jonrn.,"  April,  1841;  aad  "  Anat.,  Phys.,  and  Pathol.  Re- 
■earohes."  chiip.  ii. 

•This  l««t  fact  (as  Dr.  Held  hns  remarked)  is  sufficient  to  neirutive  the  idea  of  Mr 
Eriobsen,   that  the  obstruction   ia  caused   bj  the  contraction  of  the  eapiUarit4  uiider  the 
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275.  It  appears  from  the  precedins:  facts,  that  the  conditiocB  under  which  the 
Lpower  ia  queBtion  unifurtnly  operates,  may  be  thus  simply  and  definitely  ci- 
Fpressed  :  Whilst  the  injection  of  blood  into  the  Capillary  vessels  of  every  ptrt 
fof  tho  system,  fs  due  to  the  action  of  the  Heart,  its  rate  of  passage  thruugh  ihow 
Teasels  is  greatly  luodiSed  by  the  degree  of  activity  in  the  processes,  to  which  it 
ihoold  normally  be  subservient  in  them;  — the  current  being  rendered  more 
npid  by  an  incrense  in  their  activity,  and  being  stapnatcd  hy  their  depression  or 
total  cessation.  Or  at  auy  rate,  to  use  the  more  guarded  language  of  Mr.  Paget 
(loo.  cit.),  we  have  facts  enough  to  justify  the  hypothesis,  "  that  there  is  wmm 
mutnal  relation  between  the  blood  and  its  veiiiselg.  or  the  parts  around  then, 
which,  being  niituralj,  permits  the  most  easy  transit  nf  the  blood,  but,  being  dis- 
turbed, iucrertses  the  hindrances  to  its  passage." — A  physical  principle  has  been 
put-forth  by  Prof  Draper,'  which  seems  quite  adequate  to  explain  these  pheno- 
mena.— It  appears  fully  capable  of  proof,  that  "  if  two  liquids  communicate  with 
one  another  iu  a  capillary  tube,  or  iu  a  porous  or  parenchymatous  structure,  and 
have  for  that  tube  or  structure  diffcrtint  chemical  affinitiea^  inoveraent  will  ensue; 
that  liquid  which  has  the  most  energetic  affinity  will  move  with  the  [g^restert 
Telocity,  and  may  even  drive  tho  other  liquid  before  it."  Now  Arterial  blood,— 
containing  osygen  with  which  it  is  ready  to  part,  and  being  prepared  to  receiTe 
in  exchan<re  the  carbooic  acid  which  the  tissues  set  free, — must  obviously  have  ■ 
greater  affinity  for  tbose  tie.sues,  than  Venous  blood,  in  which  both  these  obanges 
Have  already  been  effected.  Consequently,  upon  mere  physical  principles,  the 
arterial  blood  which  enters  tbe  Systemic  capillaries,  must  drive  before  it,  and 
eipel  on  the  other  side  of  the  network,  the  blood  which  has  become  venous 
whilst  traversing  it;  but  if  the  blood  which  enters  the  capillaries  have  no  such 
affinity,  no  such  motor  power  can  he  developed. — On  the  other  hand,  in  the  Pul- 
monary capillaries  the  opposite  affiuities  prevail.  Tbe  venous  blood  and  the  air 
in  the  cells  of  the  lungs  have  a  mutunl  attraction,  which  is  satisfied  by  tbe  ei- 
change  of  oxygen  and  carbonic  acid  tbat  takes  place  through  the  walls  of  the 
capillaries ;  and  when  the  blood  hojs  become  arterialised,  it  no  longer  has  any 
attraction  for  the  air.  Upon  the  very  same  principle,  tberefore,  the  venous  blood 
will  drive  the  arterial  before  it,  in  the  puluionary  capillaries,  whilst  respiration  is 
properly  going-on  :  hut  if  the  supply  of  oxygen  be  interrupted,  so  that  tbe  blood 
IS  no  lunger  aerated,  no  change  in  tbe  affinities  takes  place  whilst  it  traverses  the 
capillary  net-work ;  the  blood  continuing  venous,  still  retains  both  ita  need  of  » 
change,  and  its  attraction  for  the  walls  of  the  capilbries;  and  its  egress  into  tbe 

Jjulmouary  veins  ia  thus  resisted,  ratber  than  aided,  by  the  force  generated  in  the 
ungs. — The  change  in  the  condition  of  the  blood,  in  regard  to  the  relative  pro- 
portions of  its  oxygen  and  carbonic  acid,  is  the  only  one  to  which  the  Pulmonary 
circulation  is  subservient;  but  in  the  Systemic  circulation,  the  changes  are  of  a 
much  more  complex  nature,  every  distinct  organ  attracting  to  itself  the  peculiar 
substances  which  it  requires  as  the  materials  of  its  own  nutrition,  and  the  nature 
of  the  affinities  thus  generated  being  consequently  different  in  each  case.  But 
the  same  law  may  be  considered  to  hold  good  in  all  instances.  Thus  the  blood 
conveyed  to  the  Liver  by  the  portal  vein,  contains  the  materials  at  the  expense 
of  which  the  bilcs-ecroting  cells  are  developed ;  consequently  the  tissue  of  the 
liver,  which  is  principally  made  up  of  these  cells,  possesses  a  certain  degree  of 
affinity  or  attraction  for  blood  containing  these  materials;  and  this  is  diminished, 
HO  soon  as  they  have  been  drawn  from  it  into  the  cells  around.  Consequently 
the  bl(x>d  of  the  portal  vein  will  drive  before  it,  into  the  hepatic  vein,  the  blcwd 
which  has  traversed  the  capillaries  of  the  portal  system,  and  which,  in  doing  so, 
has  given-up  tho  elements  of  bile  to  the  solid  tissues  of  the  liver. 

ittimulas^  of  venous  blood  {"Edinb.  Med.  nmi  Surg.  Journ.,"  Jan.  1B45);  for  atl  experi- 
nents  agree  in  showing,  that  such  contraction  can  oalj  be  exeiteij  bj'  the  applicadoa  of  • 
stimulus  for  some  miDulea,  and  that  relniatiuu  takes  {ilnce  still  more  stowly  (Jj  256). 
'•Tieatiue  ou  the  Forcea  which  produce  ihr  Organijtation  of  I'lnnls,"  pp.  'Z'l — 11 
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276.  The  influence  which  the  Nervous  System  is  known  to  exert  upon  the 
foQctions  of  Nutrition  and  Secredon  (§§  33,  37),  which  are  very  intimattly 
related  to  the  movement  of  the  blood  in  the  Capillaries,  would  lead  us  to  expect 
that  it  should  exercise  eomc  like  iDfiucnce  over  that  roovement  itself.  And  two 
di^inct  channels  for  such  an  influence  may  be  assigned  with  much  prohability ; 
first,  the  control  exercised  by  the  Sympathetic  Bystem  over  the  diameter  of  the 
smaller  arteries  (§  256),  which  will  ihua  regulate  the  rate  at  which  the  blood  is 
supplied  to  the  capillary  plexus;  and  second,  the  direct  agency  of  Nerve-force  in 
etimulating,  retarding,  or  modifying  those  molecular  changes,  in  which  the 
Nutritive  and  Secretory  operations  consist.  (See  Prino.  of  Gen.  Phys.,  Am.  Ed.) 
— That  the  ordinary  action  of  this  force  is  not  required  lo  suHtain  the  Capillary 
circulation,  is  clearly  proved  by  the  continuance  of  the  flow  without  any  appa- 
rent alteration,  after  section  of  the  nerves  of  the  part,  as  has  been  observed  by 
Mtiller,  Wharton  Jones,  and  others;  and  this  corresponds  with  the  well-known 
fact,  that  the  Nutritive  and  Secretory  processes  may  take  place,  after  Nervous 
•geocy  has  been  thus  suspended.  But  it  seeraa  indubitable  Ihiit  a  sudden  and 
Tiolent  'shock  '  to  the  Ncrvou.<?  centres  may  exert  the  aame  antagonii^tic  influence 
on  the  movement  of  blood  io  the  Capillaricift,  as  we  have  seen  it  to  do  on  the 
Heart's  aciinn  (§  238) :  for  this  appears  alike  from  the  immediate  and  total  an- 
nihilation of  all  vital  activity  which  is  con-sequent  upon  Foch  an  injury,  and  from 
direct  observation  in  such  an  experiment  as  the  following,  made  by  Dr.  Wilson 
Philip.  "The  web  of  one  of  tlie  hind  legs  of  ji  frog  was  brought  before  the 
microscope  ;  and  while  Dr.  Hastings  observed  the  circulation,  which  was  vigorous, 
the  brain  was  crushed  by  the  blow  of  a  hammer.  The  vessels  of  the  web  I'n- 
gtant/y  lost  their  power,  the  circulation  ceasing;  an  effect  which  cannot  arii«e,  as 
■  we  have  seen,  from  the  ceasing  of  the  action  of  the  heart.  [Dr.  P.  here  rtifora 
to  experiments,  by  which  it  was  a.<«certained,  that  the  circulation  in  the  capillary 
T«aeu  of  the  frog  will  continue  for  several  ruinutcfl,  after  the  interruption  of  thfl 
heart's  action.]  In  a  short  time  the  blood  ng»in  began  to  move,  but  with  less 
force.  This  experiment  was  repeated  with  the  some  result.  If  the  brain  is  not 
completely  crushed,  although  the  animal  is  killed,  the  blow,  instead  of  destroy- 
ing the  circulatioD,  increases  its  rapidity.'" 

5. — Movement  of  the  Blood  in  the  Veim. 

277.  The  Venous  system  takes  its  origin  in  the  small  trunks  that  are  formed 
by  the  re-union  of  the  Capillaries ;  and  it  returns  the  blood  from  these  to  the 
Heart.  The  structure  of  the  Veins  is  essentially  the  same  with  that  of  the 
Arteries;  but  the  Obrous  tissue  of  which  their  middle  coat  is  made-up,  bears 
more  resemblance  to  the  areolar  tissue  of  the  skin,  than  it  does  to  the  true  clastic 
Ussue;  and  the  muscular  fibre-celts  are  usually  much  fewer  iu  number,  and  are 
sometimes  wanting  altogether.*  The  rhxticif^  of  the  Veins  is  shown  by  ihe  jet 
of  blood  which  at  first  spouts-out  in  ordinary  venesection,  when,  by  means  of  the 
ligature,  a  distension  has  been  occasioned  in  the  tubes  below  it.  A  slight  con- 
traetiJUy  on  the  application  of  stimuli,  and  on  irritation  of  the  Sympathetic  ner- 
vous fibres,  has  been  obs<>rved ;  but  this  is  not  so  decided  as  in  the  arteries.  The 
whole  capacity  of  the  Venous  systeiu  is  considerably  greater  (hao  that  of  the 
arterial ;  the  former  is  usually  e.«ti mated  to  contain  from  2  to  3  times  as  much 
blood  af>  the  latter,  in  the  ordinary  condition  of  the  circulation }  and  when  we 
consider  the  great  proportion,  which  the  Veins  in  almost  every  part  of  the  body 
bear  to  the  arteries,  we  shall  scarcely  regard  even  the  larger  of  these  ratios  as 

*  "  Experimental  Inquiry  into  the  Lhwb  of  tlie  Vital  Funotione,"  4th  edition,  p,  52. 

*  The  following,  according  to  Prof.  Kiilltlier  ("  Manual  of  Huma.a  Iligtologj,"  S;d.  Soo, 
rol.  ii.  p.  807),  are  Veins  which  nre  unprDvided  with  muscular  structure: — The  veins  of 
the  aterine  portioD  of  the  plncentn;  the  ireinB  of  the  cerebral  BubBtadice  and  pi*  mater, 
the  riouse*  of  the  dura  mater;  Breschct's  veins  of  the  brt>«B ;  the  venous  cells  of  the 
corpora  caremofia  in  ihe  male  and  female;  and  probably  the  Tenous  cells  of  the  fi|4een. 
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cxagfjersted.  Of  course  the  rapidity  of  the  morenictit  of  the  blood  in  the  tiro 
kajetbais,  will  bear  an  inverse  ratio  to  their  respective  capacities ;  thus  if,  in  » 
given  length,  the  veios  contain  three  times  as  much  blood  as  the  arterie*,  ihe 
fluid  will  move  with  only  one-third  of  the  velocity.  Even  at  their  origins  in  the 
capillary  plexus,  the  veins  are  larger  than  the  arteries  which  terminate  in  the 
«auie  plexus;  so  that  wherever  the  arterial  and  venous  networks  form  distinct 
strata,  they  are  readily  distinguished  from  each  other.  The  Veins  are  remark- 
able for  the  number  of  vafves  which  they  contain,  formed  of  duplicatores  or 
loose  folds  of  the  internyil  tunic,  between  the  component  laminae  of  which,  cnn- 
Inictilc  fibres  are  interposed;  and  also  for  the  dilatations  behind  these,  which, 
when  distended,  jiive  them  a  varicose  appearance.  The  valves  are  single  in  the 
email  veius,  the  free  ed^e  of  the  flap  closing  against  the  opposite  wall  of  the 
vein ;  in  the  larger  trunks  they  are  double ;  and  in  a  few  instances  they  are 
coiupoaed  of  three  flaps.  The  object  of  these  valves  is  evidently  to  prevent  the 
reflux  of  blood;  and  we  shal!  presently  fiee,  that  they  are  of  important  use  in 
assisting  id  the  maintenance  of  the  venous  circulation.  They  are  most  Dumeroas 
in  tliose  veins,  which  run  among  parts  affected  by  muscular  movement ;  and  they 
are  not  found  in  the  veins  of  the  lungs,  of  the  abdomiual  viscera,  or  of  the 
brain. 

278.  The  movement  of  the  blood  through  the  Veins  is,  without  doubt,  chiefly 
eflFected  by  the  via  a  tertfo  or  propulsive  force,  which  results  from  the  action  of 
the  heart  and  arteries;  this,  ^fi  already  shown  (§  263),  is  very  greatly  dimi- 
nished by  the  time  that  it  acts  on  the  blood  in  the  veins;  but  the  resistanc«  to 
the  onward  movement  of  tho  blood  is  now  so  slight,  that  a  very  feeble  power  is 
adequate  to  overcome  it.  There  are  some  concurrent  causes,  however,  which  are 
supposed  by  some  to  have  much  influence  upon  it,  and  of  which  the  consideratidn 
DJUHt  not  be  neglected.  —  One  of  these,  is  the  sjictmn -power  attributed  to  the 
Heart ;  actiog  as  a  vis  a/ronff,  in  drawing  the  blood  townrds  it.  It  is  doabtfnl 
how  far  the  Auricles  have  such  a  power  of  active  dilatation,  as  that  which  woald 
bo  reijuired  for  this  purpose;  and  no  sufficient  evidence  has  been  given,  that  the 
current  uf  blood  at  any  distance  from  the  Heart  is  aiTected  by  it.  Indeed,  for  a 
rca&cm  to  be  presently  stuted,  this  may  be  regarded  as  impossible. — Another  im- 
portant agency  has  been  found  by  some  Physiologists,  in  the  in»piratory  tnoce- 
ment ;  this  \»  supposed  to  draw  the  blood  of  tho  Veins  into  the  chest,  in  order 
to  supply  the  vacuum  which  is  created  there  at  the  moment  of  the  descent  of 
the  diaphragm.  That  tbe  movement  in  question  has  »ome  influence  on  the  flow 
of  venous  blood  into  the  chest,  is  evident  from  the  occurrence  of  the  regpiraiory 
pttlne,  long  ago  described  by  Ilaller;  which  may  be  seen  in  the  veins  of  the 
neck  and  shoulder  in  thin  persons,  and  in  those  especially  who  are  suffering  from 
pulmonary  diseusea.  During  Inspiration,  the  Veins  are  seen  to  be  partially 
emptied :  whil.st  during  Expiration  they  become  turgid,  partly  in  consequence 
of  the  accumulation  from  behind,  and  of  the  check  in  front ;  and  partly  (^it  may 
be)  in  some  cases,  through  an  absolute  n.rflux  from  the  veios  within  the  chest 
(§  247).  The  fact  that  in  the  immediate  neighbourhood  of  the  chest,  the  flow 
of  blood  towards  the  heart  is  aided  by  inspiration  and  impeded  by  expiration,  ia 
further  proved  by  Sir  D.  Barry's  experiment,  which  consisted  in  introducing  one 
eitremity  of  a  tube  into  the  jugular  vein  of  a  Horse,  and  the  other  into  water, 
which  exhibited  an  alternate  elevation  and  dcpresi*iun  with  inspiration  and  expi- 
ratiou;  this  baa  been  rerpcalcd  and  confirmed  by  several  Physiologists.  On  the 
other  hand,  the  expiratorr/  movement,  while  it  directly  causes  accumulation  ia 
the  veins,  will  a.sfl!st  the  heart  in  propelling  the  blood  into  the  arteries;  and  by 
the  combined  action  of  these  two  ciiusea  ia  produced  among  other  effects,  the 
rising  and  sinking  of  the  Brain  synchronously  with  expiration  and  inspiration, 
which  are  observed  when  a  portion  of  the  cranium  is  removed.  Sevcrul  consi- 
derations, however,  agree  in  pointing  to  the  conclusion,  that  no  great  efficacy 
«an  be  rightly  attributed  to  tho  Respiratory  movements,  as  exerting  any  tftneral 
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the  VenouB  circulation.  The  Pulmonary  circulation,  being 
entirely  within  the  chest,  cannot  be  affected  by  variations  in  Btraospherio  pres- 
piire  J  the  entire  venous  circulution  of  the  fa?tu9,  also,  is  indcpenclent  of  any 
snch  agency.  Again,  it  has  been  shown  expc;rimcntally  by  Pr.  Amott  and 
others,  that  no  suction-power  exerted  at  the  farther  end  of  a  long  tube,  whose 
walls  are  so  deficient  in  firmness  as  are  those  of  the  Veins,  can  occasion  any  ncce- 
leration  in  a  current  of  fluid  transroitted  through  it;  for  the  effect  of  tlit  siution 
is  destroyed,  at  no  great  distance  from  the  point  at  wbieh  it  is  applied,  by  the 
flapping  together  of  the  sides  of  the  vessel. 

279.  One  of  the  most  powerful  of  the  general  causes  which  influence  the 
Venous  circulation,  is  doubtless  the  frequently-recurring  jir<?«SMr«  of  the  muscles 
u[x>n  their  trunks.  In  every  instance  that  Muscular  niuvctuent  takes  pluce,  a 
portion  of  the  Veins  of  the  part  will  uudtrgo  compression ;  and  as  the  blood  is 
prevented,  by  the  valves  in  the  veins,  from  being  driven-back  into  the  small 
▼easels,  it  is  necessarily  forced-on  towards  the  heart.  As  each  set  of  muscles  is 
rel&zed,  the  veins  compressed  by  it  fill-out  ogain,  to  be  again  compressed  by  the 
renewal  of  the  force.  That  the  general  Muscular  movement  is  an  import.ant 
aeent  in  maintaining  the  circulation,  at  a  point  above  that  &l  which  it  would  be 
kept  by  the  action  of  the  heart  and  arterial  system  alone,  appears  from  several 
considerations.  The  pulsations  arc  diiiiinished  in  frequency  by  rest,  accelerated 
by  exertion,  and  very  much  quickened  by  violent  effort  (§  '254  d).  In  all  kinds 
of  exercise,  and  in  almost  every  sort  of  effort,  there  is  that  alternate  conlraction 
und  relaxation  of  particular  groups  of  Muscles,  which  has  been  just  mentioned 
as  affecting  the  flow  of  blood  through  the  veins ;  and  there  can  be  little  doubt, 
that  the  increased  rapidity  of  the  return  of  blood  through  them,  is  of  itself  suf- 
ficient cause  for  the  accelerated  movements  of  the  heart.  When  a  large  number 
of  muscles  are  put  in  action  after  repose,  as  is  the  c^se  when  we  rise-up  frotu  a 
recambeot  or  a  sitting  posture,  the  blood  is  driven  to  the  heart  with  a  very  strong 
impetus;  and  if  that  organ  should  be  diseased,  it  may  arrive  there  in  a  quantity 
Lrger  than  can  be  disposed-of;  so  that  sudden  death  may  bo  the  result.  Hence 
the  necessity  for  the  avoidance  of  all  sudden  and  violent  movements,  on  the  part 
4J  those  who  labour  under  either  a  functional  or  a  structural  disease  of  the  oentro 

the  circulation. 

280.  The  Venous  cin^ulatinn  is  much  more  liable  than  the  Arterial,  to  be  in- 
fluenced by  the  force  of  Gravity;  and  this  influence  is  particularly  noticeable, 
when  the  tonicity  of  the  vos.seb  is  deticient.  —  The  following  experimeuts  per- 
formed by  Dr.  C.  J.  B.  Williams,'  to  elueidale  the  influence  of  deticient  tirmiiess 
in  the  walls  of  the  vessels,  and  of  gravitation,  over  the  movement  of  fluids 
through  tubes,  throw  great  light  on  the  causes  of  veiimts  co7iijes({crn.  A  tube 
with  two  equal  arms  having  been  fitted  to  a  syringe,  a  brass  tube  two  feet  long, 
having  several  right  angles  in  its  course,  was  adapted  to  one  of  them,  whilst  to 
the  other  was  tied  a  portion  of  a  rabbit's  intestine  four  feet  long,  and  of  cidibre 
double  that  of  the  brass  tube,  (liis  being  arranged  in  curves  and  coils,  but  with- 
out angles  or  crossings.  W^hen  the  two  tubes  were  raised  to  the  same  height, 
the  AiDiill  metal  tube  discharged  from  two  to  five  times  tlie  quantity  of  water 
diaeharged  in  a  given  time  by  the  larger  but  membranous  tube;  the  difference 
being  greatest,  when  the  Pfrokcs  cf  the  piston  were  most  forcible  and  sudden,  by 
which  the  intestine  was  much  dilated  at  its  syringe-end,  but  conveyed  very  little 
more  water.  When  the  discharging  ends  were  raised  a  few  inches  higher,  the 
difference  increased  considerably,  the  amount  of  fluid  discharged  by  the  gut 
boing  much  diminished;  and  when  the  ends  were  raised  to  the  height  of  eight 
or  ten  inches,  the  gut  ceased  to  discharge,  each  stroke  only  moving  the  column 
of  water  in  it,  and  this  subsiding  again,  without  rising  high  enough  to  overflow. 
When  th^  force  of  the  stroke  increased,  the  part  of  the  iutestine  ncurcst  the 
ijriDge  btirst.  —  From  these  experiments  it  is  easy  to  understand,  how  any  de- 

'  PrincipteB  uf  Medtcioe,"  3d  Am.  Edit.,  p.  166. 
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ficieoej  of  'tone'  ia  the  Venous  nystcm  will  tend  to  prevent  the  ascent  of  tbe 
blood  from  tbe  depetitling  parts  of  the  body,  and  will  consequently  occasion  an 
increAsed  pressure  on  tbe  walls  of  tbe  vessels,  and  an  augmetitatioD  in  the  qiun- 
titj  of  blood  they  coutaia.  All  these  conditions  are  peculiarly  favourable  to  tbe 
escape  of  the  watery  part  of  the  blood  from  tbe  small  vessels ;  and  this  may 
either  infiltrate  into  th^  areolar  tissue,  or  it  may  be  poured  into  aome  neighbour- 
ing serous  cavity,  producing  dropsy.  Thus  it  happens,  (bat  such  effusious  naj 
often  be  traced  to  that  state  of  dedcicnt  vigour  of  the  system,  which  particvlarlj 
manifests  itself  iu  want  of  tone  of  the  blood-vessels ;  and  that  it  in  relieved  Ij 
remedies  whioh  restore  this.  In  many  young  females  of  Icuco-phlegmatio  tern- 
pcrument,  for  example,  there  \a  a  tendency  to  swelling  of  the  feet,  by  oedemalon 
effusion  into  the  arcular  tissue,  in  consccjucnce  of  the  depending  position  of  tbe 
limbs  j  the  oodcnia  disappears  during  the  night,  but  returns  during  the  day,  and 
Is  at  its  maximum  iu  the  evening.  And  the  congestion  which  frequently  mani' 
feats  itself  in  the  posterior  part«  of  the  body,  towards  the  close  of  exhausting 
diseases  in  which  the  patient  baj«  lain  mucb  upon  bis  back,  is  attributable  to  & 
similar  cause;  of  such  congestion,  effusions  into  the  various  serous  cavities  are 
fn-quent  results;  and  such  effusions,  talking  pluce  during  the  last  hours  of  life, 
are  often  erroneously  regarded  as  the  source  of  death.  To  the  same  catue  ve 
are  to  attribute  the  varicose  state  of  the  veins  of  the  leg,  which  is  so  oommon 
amongst  persona  of  relaxed  fibre,  and  especially  in  those  whose  habits  require 
them  to  be  much  in  tbe  erect  poijture;  and  this  distension  occasionally  prtxieedi 
to  complete  rupture,  the  causes  of  which  are  fully  elucidated  by  the  experimeats 
just  cited. 

6. — Peculiaritiet  of  the  Circulation  in  different  Par($. 

281.  In  several  portions  of  tbe  Uuman  body,  there  are  certain  varieties  in  the 
distribution  and  in  tbe  functional  action  of  tbe  blood-ves^sels,  which  should  nut 
be  omitted  in  a  general  account  of  the  Circulation.^ — Of  these,  we  have  in  the 
first  place  to  notice  the  apparatus  for  the  Puinwmtry  circulation ;  the  chief  pecn- 
liarity  of  which  is,  that  i;enoK«  blood  is  sent  from  the  heart,  through  a  tube 
which  is  arterial  in  its  structure,  whilst  artf^rinl  bloud  is  returned  to  tbe  heart, 
tbrougb  a  ve.^el  whose  entire  character  is  that  of  a  vein.  The  movement  of  the 
blood  through  these  is  considerably  affected  by  the  physical  state  of  tbe  lungs 
themselves;  being  retarded  by  any  causes,  which  can  occasion  pre$:<ure  on  the 
vessels  (such  as  over-distension  of  the  cells  with  air,  obstruction  of  their  cavity 
by  solid  or  fluid  depositions,  or  by  foreign  substances  injeclcd  into  them,  &c.); 
Bud  proceeding  with  the  greatest  energy  and  regularity,  when  tbe  respiratory 
movements  are  freely  performed.^ The  Furial  circulation,  again,  is  peculiar,  in 
being  a  kind  of  offset  from  the  general  or  systemic  circulatioD,  and  also  in  beinjj 
destitute  of  valves;  and  it  maybe  surmised  with  much  probability,  that  the  pur- 
pose of  their  absence  is,  to  allow  of  an  unusually  free  passiige  of  blood  from  one 
part  of  that  system  to  another,  during  the  very  varying  conditions  to  which  it  is 
subjected  (§  151). — Another  very  importunt  moditiuulion  of  tbe  Circulating 
system,  is  that  which  presents  itself  within  the  Cranium.  From  the  ciicum- 
Btance  of  the  cranium  being  a  closed  cavity,  which  must  be  always  filled  with  the 
same  total  amount  of  contents,  the  flow  of  blood  through  its  vessels  is  attended 
with  some  peculiarities.  Tbe  pressure  of  the  atmosphere  is  here  exerted,  rather 
to  keep  the  blood  in  the  head,  than  to  force  it  out;  and  it  might  accordingly  be 
inferred,  that,  whilst  tbe  quantity  of  cerebral  matter  remains  the  same,  the 
amount  of  blood  in  the  cranial  vessels  must  also  be  invariable.  This  infereoos 
appeared  to  derive  support  from  the  experiments  of  Dr.  Kellie.'  On  bleeding 
animals  to  death,  he  found  that,  whilst  tbe  remainder  of  the  body  was  completely 
exsanguine,  the  usual  tjuantily  of  blood  remained  in  the  arteries  and  veins  of 
thn  cranium;  but  that  if  an  opening  was  made  iu  the  skull,  these  vessels  were 
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then  as  completely  emptiod  an  the  rest.  It  is  not  to  be  hence  inferred,  howerer, 
that  the  absolute  quantity  of  blood  within  the  crnniani  is  not  subject  to  vnria- 
tion ;  and  that  in  the  states  of  inflammation,  congestion,  or  other  morbid  aifcc> 
tions,  there  is  only  a  disturbaace  of  the  usual  balance  of  the  arterial  and  venous 
circulation.  The  fact  in  all  probability  is  rather,  that  the  softness  of  the  Cere- 
bral tissue,  and  its  varying  ftinctional  activity,  render  it  peculiarly  liable  to 
undergo  alterations  in  bulk;  and  that  the  amount  of  the  ' ccrebro-spinal  fluid' 
Taries  considerably  at  different  time:? ;  so  that  the  quantity  of  blood  may  thus, 
even  in  the  healthy  condition,  be  continually  changing.  Moreover,  in  disordered 
states  of  the  circulation,  the  quantity  of  blood  in  the  vessels  of  the  cranium  may 
be  for  a  time  diminished  by  a  sudden  extravasation,  either  of  blood  or  scrum, 
into  the  cerebral  substance;  and  the  amount  of  interior prcs*i/re  upon  the  walls 
of  the  vessels  ntay  also  be  considenibty  altered,  even  when  there  is  do  difference 
in  the  ffvnntih/  of  fluid  contained  in  them.' 

282.  The  Erectile  Tt'ssuets  present  another  curious  modification  of  the  ordinary 
vascular  apparatus.  The  chief  of  these  are  the  corpora  cavernosa  in  the  penis 
of  the  male,  and  in  the  clitoris  of  the  female ;  the  ccllection  of  similar  tissues 
round  the  vagina,  and  in  the  nympbee,  of  the  female;  and  the  nipple  in  both 
sexes.  In  all  these  situations,  erection  may  be  produced  by  local  irritation  j  or 
it  may  take  place  as  a  result  of  certain  erootional  conditions  of  the  miud,  the 
influence  of  which  is  probably  transmitted  through  the  Sympathetic  nerve,  as  it 
may  be  experienced  even  in  cases  of  paraplegia.  The  erectile  tissue  appears 
easentially  to  consist  of  a  plexus  of  veins  with  varicose  enlargements,  inclosed  in 
a  fibrous  envelope  with  trabcculur  partitions.  This  envelope,  according  to  the 
recent  researches  of  Prof.  Kolliker,*  contains  a  large  amount  of  non-striated  mus- 
cular fibre ;  the  contraction  of  which  is  doubtless  in  some  way  concerned  in  the 
result.  In  the  penis,  as  first  pointed-out  by  Prof  Miiller,'  there  are  two  sets  of 
arteries;  those  of  one  set,  destined  for  the  nutrition  of  the  tissues,  comniunica- 
ting  with  the  veins  in  the  usual  way,  through  a  capillary  network ;  whilst  the 
others,  tenuc'd  by  him  the  '  helicine  arteries,'  are  short  tendril-like  branchts, 
which  project  into  the  veins  (covered,  however,  by  their  lining  niembrane),  some- 
tunes  singly,  and  sometimes  in  tufls,  ending  abruptly  by  dilated  extremities.  It 
wa«  maintained  by  Mliller,  that  the  dilated  ends  of  these  heiicine  arteries  uora- 
municate  directly  with  the  venous  cavities,  since  injection  thrown  into  the  former 
always  fills  the  latter,  although  no  distinct  apertures  have  been  seen  in  them; 
and  Kijllikor  states  that  he  has  frequently  fouud  them  giving-off  delicate,  almost 
capillary  vessels,  which  discharge  themselves  into  the  venous  spaces. — The  proxi- 
mate cause  of  the  erection  of  the  peni.i,  has  been  stated  by  pomo  to  be  the  action 
of  the  ischio-cavemosi  and  the  bulbo-cavernoBus  muscles,  in  compressing  the 
veins  which  return  the  blood  from  the  penis ;  but  although  these  muscles  pro- 
bably afford  assistance  in  completing  and  strengthening  the  erection,  tbey  are 
unable  to  effect  it  by  their  own  act ;  and  it  is  obvious  that  no  analogous  power 
can  be  exerted  in  other  erectile  organs,  the  nipple  for  example — It  is  maintained 
by  Prof.  Kolliker,  that  the  office  of  the  muscular  fibres  which  pass  in  every 
direction  amongst  the  dilated  veins,  is  to  keep  them  compressed  in  the  intervals 
of  erection,  so  as  to  prevent  them  from  being  distended  by  the  vt't  <1  (en/oof  the 
blood ;  and  that  the  stimulus  to  erection,  which  is  usually  conveyed  through  the 
nervous  system,  so  operates  upon  these  fibres  as  to  occaBion  their  rehxah'on, 
whereby  the  free  distension  of  the  cavernous  veins  and  of  the  arterial  diverticula 

*  The  results  of  the  more  recent  eipcriments  of  Dr.  G.  Burrows  ('vMedical  Gazette," 
April  and  May,  1843)  fully  coofiriii  the  viewa  atnted  above. 

*  Sec  his  essay  "  Dm  AaatomsBche  und  rhyBiolnpijche  TerhaKen  der  CavemoBer  Korpei 
der  Sexual  orgiuie,"  1851;  and  his  "Manual  of  Huniau  Uistology"  (BydeoUam  Society), 
vol.  ii.  pp.  2.37—244. 

*  '  EntiJeckaog  der  bd  der  £r«ction  wirksamen  Arterien/  in  •'  Miiller's  Archiv.,"  1836, 
p.  202. 
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is  permitted.  He  refers,  moreover,  to  the  excessive  contraction  of  erectile 
orpans  wliich  is  induced  by  cold,'  and  to  the  offuct  of  warmth  in  favouriop  their 
enlargement,  as  coritirmatory  of  tbis  view ;  and  considers  tbut  do  other  agency  ia 
T-'quired.  Now  altbougb  we  are  so  accustomed  to  consider  tbe  stimulus  of  in- 
nervation  as  exerted  in  producing  muucular  contraction,  yet  sine«,  in  tbe  act  of 
lilushirig,  there  is  undoubtedly  a  relaxation  of  the  muscular  walls  of  tbe  blood- 
vessels under  the  influence  of  emotional  excitement,  there  seems  a  strong  w%. 
Jiigical  probability  (at  any  rate,  no  A  priori  improbability)  that  the  same  may  be 
the  case  with  the  act  of  KrecLiou. 


CHAPTER  VIL 


OF    RESPIRATIOX. 


1. — Nature  of  the  Function:  and  Provisimis /or  its  Ptrformavce. 

283.  The  Nutritive  Suid,  io  itti  circulation  through  the  capillaries  of  tbe 
syiteia,  undergoes  ^reat  alterations  both  in  its  physical  constitution,  and  ia  its 
vital  properties.  It  gives-up  to  the  tissues  with  which  it  is  brought  into  contact, 
some  of  its  most  important  elements;  and,  at  the  same  time,  it  is  made  the 
vehicle  of  removal,  from  these  tissues,  of  ingredients  which  are  no  longer  in  the 
state  of  combination  that  fits  them  for  their  oflBces  in  the  Animal  Economy.  To 
separate  tbese  ingredieutii  from  the  general  current  of  the  circulation,  and  to 
carry  them  out  of  the  Byetem,  is  the  great  object  of  the  Excretory  organs;  the 
iiijportance  of  wbose  reapective  functions  will  vary,  it  is  very  evident,  with  tbe 
amount  of  the  ingredient  which  they  have  to  separate,  and  with  the  deleteriooa 
influence  which  its  retention  would  exert  on  tbe  welfare  of  tbe  system  at  large. 
Of  all  these  injurious  ingredients,  Carbonic  Acid  is  without  doubt  the  one  ojust 
abundantly  introduced  into  the  nutritive  fluid  ^  and  it  is  also  most  deleterious  in 
iis  eflect^s  on.  the  a3'Stcm,  if  allowed  to  accumulate.  —  V\'e  find,  accordingly,  that 
tbe  provision  for  the  removal  of  this  substance  from  the  blood,  ia  one  of  pcculi«r 
exteut  and  importance,  especinlly  in  the  higher  forms  of  animals;  and  further, 
that  instead  of  being  effected  by  an  operation  peculiarly  vital  (like  other  acts  of 
Excretion),  its  performance  is  secured  by  being  made  to  depend  upon  simple 
phifurffl  conditions,  and  is  thus  comparatively  little  susceptible  of  derangenieot 
from  disorder  of  other  processes.  All  that  is  requisite  for  it^  is  the  exposure  of 
the  Blood  to  the  influence  of  tbe  Atmospheric  air  (or,  in  aquatic  animals,  of  air 
dissolved  in  wuter),  tbrough  the  medium  of  a  membrane  that  shnll  permit  the 
'diffusion  of  gases;'  an  interchange  then  taking  pliice  between  the  gaseous  mat- 
ters on  the  two  sides,  —  Carbonic  acid  being  exhaled  from  the  Blood,  and  being 
replaced  by  Oxygen  from  the  air.  Thus  the  extrication  of  Carbonic  acid  ia 
efFccled  in  a  manner  that  renders  it  subservient  to  the  introduction  of  that  ele- 
ment which  is  required  for  alt  the  most  active  manifestations  of  vital  power; 
and  it  is  in  these  two  processes  conjointly,  not  in  either  alone,  that  tbe  function 
of  Re.«piration  essentially  consists, — We  sh:ill  now  inquire  into  the  sources  from 
which  Carbonic  acid  is  produced  in  the  living  body,  and  the  causes  of  tbe  demand 
f  >r  Oxygen, 

284,  The  vital  activity  of  the  organism  at  large  involves  a  continual  change 
\n  its  constituent  parts;  and  those  which  (so  to  speak)  live  the  fastest,  usually 
(lie  the  soonest,  and  pass  most  readily  into  decay  (chap,  viir.,  Sect.  1).  Hence 
in  tbe  very  performance  of  tbe  Organic  functions  which  concur  to  effect  the  Nu- 
trition of  the  body,  there  is  a  constant  source  of  disintegration;  and  one  of  the 

'  The  applicntioa  of  moderate  eo]il,  however,  (fwa  in  pntting-oa  a  clean  shirt)  frequeatlj 
oocafiiuus  erectloa  of  the  male  ai^iple. 
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ch\ef  products  of  the  deeny  of  the  tissues,  •which  is  consequent  upon  their  losa 
of  vitality,  ie  Carbonic  acid,  —  Thus  the  moit  general  object  of  the  Respiratory 
process,  which  is  common  to  all  forms  of  organized  being,  ia  the  extrication  of 
this  product  from  the  syptem ;  and  the  demand  for  aeration  hence  arising,  will 
Tary  with  the  activity  of  the  nutritive  operaticios.  Now  the  rate  of  life,  and 
consequently  the  amount  of  disintegration,  in  any  organized  structure,  depend  in 
preat  measure  upon  the  teinfterature  nt  which  it  is  maintaiDed  (See  P*rinc.  op 
Gf.n.  I'nys.);  and  thus  it  happens  that  the  production  of  Carbonic  acid  from 
this  Bource,  at  the  ordinary  rate  of  vital  nctivily,  i.**  much  more  rapid  in  '  warm- 
blooded'  than  in  cold-blooded'  animals,  and  that  the  former  suffer  far  more 
ppeedily  than  the  latter  from  the  privation  of  air.  Hut  when  the  temperature 
of  the  Reptile  is  raised  by  external  heat  to  the  level  of  that  of  the  Mfuumid.  its 
need  for  respiration  increases,  owinp  to  the  augmented  waste  of  its  tissues. 
When,  on  the  other  hand,  the  warm-blooded  Mammul  is  reduced,  in  the  sinte  of 
hybernation,  to  the  level  of  the  cold-blooded  Reptile,  the  waste  of  its  tif^sues 
diminishes  to  such  an  extent,  as  to  require  but  a  very  small  exertion  of  the  respi- 
ratory process  to  pet-rid  of  the  carbonic  acid,  which  is  one  of  its  chief  products. 
And  in  those  animals  which  are  capable  of  retnininp  their  vitality  when  they  are 
froeen,  or  when  their  tissues  are  completely  dricd-up,  vital  activity  and  ditiiute- 
gration  are  alike  entirely  suspendedj,  and  coofiequcutly  thero  is  no  carbon io  acid 
fo  be  set-free- 

285.  But  another  source  of  Carbonic  acid  to  be  set-free  by  the  Respiratory  pro- 
cess, and  one  which  is  peculiar  to  animals,  consists  in  the  rapid  changes  which  take 
place  ia  the  Muscular  and  Nervous  tissues,  in  the  very  act  of  performiug  their 
peculiar  functions;  the  development  of  the  Muscular  and  Nervous  foni-es  in- 
TolTiog,  as  the  very  condition  of  their  production,  a  change  in  t!ic  substance  of 
these  tissues  respectively ;  in  which  change  a  large  quantity  of  Oxygen  is  con- 
ratned,  and  a  large  amount  of  Carbonic  acid  is  geucmted.  Hence  in  Man,  a»  in 
all  Animals  in  which  the  Nervo-Muscubr  appamtus  constitucs  the  essential  part 
of  the  organism,  a  powerful  demand  for  Rcspirntion  is  created  by  its  netivity; 
the  amount  of  oxygen  taken-in,  and  of  carbonic  acid  exhaled,  being  determined, 
faieris paribus,  by  the  degree  in  which  this  apparatus  is  exercised. — That  Car- 
bonic acid  is  set-free  ready-formed  by  the  muscles,  and  Is  not  genemled  by  the 
oxidatiun  of  the  products  of  their  diHutegration  after  ihe  reception  of  these  into 
the  blood-current,  has  been  shown  by  the  experimenta  of  Dr.  O.  Liebigj'  who 
found  that  carefuUy-prepiircd  frogs'  muscles  absorb  oxygen  and  exhale  carbonic 
acid  BO  long  as  their  contractility  lasti,  even  when  they  have  been  completely 
deprived  of  blood.  So  that,  io  this  instance,  as  probably  in  alt  others  of  its  kind, 
the  first  interchaoge  of  gases  takes  place  in  the  parenchyma  of  the  organs  them- 
selves,—  oxygen  being  drawn  by  them  from  the  blood,  and  carbonic  acid  being 
imparted  to  it  j  and  the  converse  change  must  be  as  constantly  cfficted  in  the 
lungs,  in  order  that  the  circulating  medium  may  be  maintained  in  the  requisite 
state  of  purity. 

286..  Besides  these  sources  of  Carbonic  acid  which  are  common  to  all  Animals, 
there  is  another  which  ia  restricted  (or  nearly  &o)  to  the  two  highest  classes, 
liirds  and  Mammals  ;  these  being  distinguished  by  their  power  of  maintaining  a 
coostantly-clevated  teuifH-ruture.  A  part  of  this  Heat  is  gencmted  by  the  oxy- 
genation of  the  components  of  their  disintegrating  tissues,  the  nietamorphosia 
of  which  takes  place  at  a  very  rapid  rate ;  but  where  this  is  not  euflScicnt,  their 
power  of  maintaining  their  temperature  depends  upon  the  direct  combination  of 
•eitJiin  elements  of  the  food  with  the  oxygen  of  the  air,  by  the  combuslive  pro 
eesf. — The  quantity  of  carbonic  acid  that  is  generated  directly  from  the  elements 
of  the  food,  seems  to  vary  considerably  in  different  animals^  and  in  different 
States  of  the  same  individual.  In  the  Carnivorous  tribes,  which  spend  the 
groftter  port  of  their  time  in  a  state  of  activity,  it  is  probable  that  the  quantity 
■  ••  Bericht  d.  Akad.  d.  Wigsenseh.  lu  Berlin,"  I860,  \\  339 — 347. 
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which  is  generated  by  the  waste  or  metauiurpboeis  of  the  tiroes  is  Bufficient  far 
the  njaintfuanee  of  the  required  teiupemture  ;  and  that  little  or  none  of  the  car- 
bonic acid  set-free  in  respiration,  is  derived  from  the  direct  combustioD  of  ihe 
materials  of  the  food.  But  id  Herbivorous  anitnal?  of  comparatively  inerl 
habits,  the  amount  of  metamorphoisis  of  the  tissues  is  ftu*  from  being  sufficient; 
uad  a  large  part  of  the  food,  coDsistiog  aa  it  does  of  substancea  that  cannot  be 
applied  to  the  nutrition  of  the  tissues,  is  made  to  enter  into  direct  combinatioo 
with  the  oxygen  of  the  air,  and  thus  to  compensate  for  the  deticicncy.  In  Min 
and  other  animals,  whtcli  can  sustain  considerable  variations  of  climate,  and  cu 
adapt  themselves  to  a  great  diversity  of  habits,  the  quantity  of  carbonic  acid 
formed  by  the  direct  combination  of  the  elements  of  the  food  with  the  oxygen 
of  the  air,  will  differ  extremely  under  different  circumstances  (§  55).  It  will 
serve  as  the  cotnplement  of  that  which  is  formed  in  other  ways ;  so  that  it  will 
diminish  with  the  increase,  and  will  increase  with  the  diminution,  of  muscular 
activity.  It  will  also  vary  in  an  inverse  ratio  to  the  external  temperature,  in- 
creasing wtih  its  diminution  (as  more  heat  must  then  be  generated),  and  dimi- 
nishing with  its  inurease;  the  effect  of  externiil  heat  being  thus  precisely  oppo- 
site, in  the  warm-blooded  animal,  to  that  which  it  exerts  on  the  cold-blooded 
(§  284). — In  all  cases,  if  a  sufficient  supply  of  food  be  not  furnished,  the  store 
of  fat  is  drawn-upon ',  and  if  this  be  exhausted,  the  animal  dies  of  cold  (§  70). 

287.  To  recapitulate,  then,  the  sources  of  Carbonic  Acid  in  the  animal  body 
are  threefold.  —  r.  The  continual  deciiy  of  the  tissues  common  to  all  orgaoixetl 
bodies,  which  is  favoured  by  whatever  promotes  their  vital  activity,  and  is  re- 
tarded by  every  influence  that  depresses  it.  —  ii.  The  metamorphosis  peculiar  to 
the  Xervous  uiid  Muscular  tissues,  which  is  the  very  condition  of  the  production 
of  their  power,  and  which  therefore  bears  a  direct  relation  to  the  degree  in  which 
they  are  exerted.  — ■  iii.  The  direct  conversion  of  the  carbon  and  hydrogen  of 
the  food  into  carbonic  acid  and  water,  which  is  peculiar  to  warm-blooded  ani- 
mals; and  which  varies  in  quantity,  in  accordance  with  the  amount  of  heat  to  be 
generated. 

288.  The  wonderfiil  nature  of  the  structural  amtngements  which  are  made 
for  the  aeration  of  the  blood  in  Jlan  (as  in  Mammalia  generally),  and  the  com- 
plctenes3  of  the  provisions  whereby  these  are  put  into  active  operation,  will  be 
best  understood,  if,  for  the  sake  of  contrast,  we  first  bestow  a  brief  survey  on  the 
Pulmonary  apparatus  of  Reptiles;  a  class  in  which  the  demand  for  respiration  is 
reduced  to  a  comparatively  low  grade,  by  the  absence  of  any  necessity  for  the 
maintenance  of  an  indcpendcDt  temperature,  by  the  general  torpor  of  their  habits 
(whence  arises  a  very  small  amount  of  *  waste '  in  their  nervo-ra oscular  appa- 
ratus), and  by  the  very  alow  rate  at  which  their  organic  functions  are  performed 
and  the  life  of  the  whole  body  carricd-on.  — The  lungs  of  Reptiles  are,  for  the 
most  part,  simple  sacs;  into  which  the  bronchial  tubes  open  freely,  and  on  the 
walls  of  which  the  pulmonary  vessels  are  distributed.  The  extent  of  surface  is 
considerably  increased,  however,  by  the  formation  of  a  number  of  little  pits  or 
sacculi  on  the  inner  wall  of  the  cavity,  especially  at  its  upper  part;  and  between 
the!*o  we  obriervc  a  sort  of  cartilaginous  frame-work,  which  is  continuous  with  the 
cartilage  of  the  bronchus  on  either  aide.  Thus  it  happens  that  the  network  of 
pulmonary  capillaries  is  exposed  only  on  oju-  side  to  the  influence  of  the  air. 
The  general  distribution  of  these  vessels  is  shown  in  the  accompanying  figures. 
It  will  be  seen  that  the  trunk  of  the  pulmonary  artery  runs  along  one  side  of 
the  sac,  and  that  of  the  pulmonary  vein  along  the  other  (Fig.  74);  and  that 
numerous  branches  arise  from  the  former,  which  sub-divide  into  capillaries  that 
ramify  over  the  whole  surface,  and  then  reunite  into  small  veins  which  terminate 
in  the  latter.  The  islets  of  parenchyma  left  between  the  capillary  vcsjsels  (Figs. 
75,  76),  are  seen  to  be  much  smaller  than  those  which  are  usually  to  be  observed 
in  the  systemic  circulation;  so  that  the  membrane  is  more  oopiouijly  traversed 
by  vessels,  than  almost  any  other  that  is  known.     The  walla  of  the  capiUariesi 
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Fio.  "4.  moreover,  are  much  thinner  than  those  of  the  systemic  cir- 

j  culuiiuD.  The  two  coudilionii  are  ohviouslj  farourahle  to 
the  exposure  of  the  largest  possible  quantity  of  blood  to  the 
influeDoo  of  the  air;  but  as  the  surface  is  not  an  extensive 
one,  the  proportion  which  can  be  thus  exposed  at  any  one 
time  is  very  limited  j  and  the  arrangement  of  the  eirculatiug 
apparatus  is  such,  that  the  blood  which  has  been  subjected 
to  the  respiratory  process  ia  mingled  with  a  large  quantity  of 
impure  blood,  before  being  transmitred  to  the  body  generally. 
For  the  heart  of  Reptiles  has  only 
three  cavities,  a  single  ventricle  and  p,g  jj 

two  auricles;  from   tbia  single  veo-  ,< 

tricle  proceeds  a  (runcvt  arteriosvs,       **■''-•-'•--  -     -•-;-- 
which  distributes  a  mixed  blood  alii 
to  the  system  and   to  the  lungs, 
pulmonary  artery  often   bearing 
a  small  proportion  in  size  to  the 
temio  trunks ;  and  the  blood  return- 
ing by  the  pulmonary  and  systemic      i'^Ji^i.%  A'iili^V^!*, 

left 

J' 

The 
in  J  of  Trii<yriat'i-  those 
/«,  iB^guificd  ^aboui^s  jjg^-jj^^   cavity,  partitioned-off   from         Portion  of  the  Lnng  of 
^r^Irr*'"*  '  pulmoniiry  ^'^^    ''^^*^**^''"''^   ^y   ^^^    interposition      TrrV«n,  more  hi^jLly  cog- 
^2^*     '  of  n-  diaphragm;  but  they  lie  in  im-     nJfi«<i. 
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Portion  of  the  Lung  of  o  Imng  Triion.  ai  »oen  with  the  power  of  150  rtiamr t*rf  :- 
tnonar;  rein,  recetrlng  bloott  from  tbo  large  Ininli  e,  and  a  aninllcr  vweul  d. 
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inetliate  contact  with  the  other  viflcera :  and  the  mechanism  of  inspirstion  and 
cxpirarioD  is  consequenlly  Oir  less  complete,  than  it  is  in  animals  which  pojtMss  i 
muscular  diaphragm  closinp-in  the  floor  of  the  thoracic  cavity,  and  capable,  by 
Its  cuntraetiim,  of  largoly  increasing  the  capacity  of  that  cavity.  In  fact,  m«ny 
Rep  ilea  arc  incapable  of  dratoing-in  air,  and  can  only  force  it  in  by  a  pruoev 
reseinbiin«c  deglutition.' 

289.  The  size  of  the  lungs  in  Man  and  the  Mnmtnalia  is  far  emaller  in  pro- 
portiun  to  tbcir  bulk,  than  it  ia  in  most  Keptilcs;  but  this  diminution  is  more 
than  coinpensfttcd  by  the  minute  Hubdivi?ioo  of  their  cavities,  by  the  peculiarity 
of  the  distribution  of  their  blowl- vessels,  and  by  the  arrangement*  Trberfhy  a 
continuni  mid  nipid  interchange,  both  of  the  blood  and  of  the  air,  is  provided- 
f.r. — The  following  arc  the  point*  of  most  importance  in  the  structure  of  the 
liuman  Lung,*     The  wiills  of  the  bronchial  tubes  contain  distinct  loDgitu<l  '  i! 

and  circular  layers  of  fibrous  structure,  but  the  lattor  jii-  n-. 
according   to    Prof    KiVHiker,    contain    muscular    6brcK-elIe 

SThe  muscular  fibi-cs  which  exist  in  the  trachea  are  continued 
own  even  to  the  terminal  bronchi,  but  instead  of  tilling  up 
the  gap  in  the  cartilaginous  framework,  posteriorly,  as  in  the 
tweheaj  ihcy  form  a  uniform  layer  encircling  the  canol,  but 
excessively  thin.  Fig.  77. — Ed.]  These  tubes  divide  and 
Bubdivide,  like  "the  branches  of  a  tree,  still  retaining  their 
ordinary  characters,  until  they  are  no  more  than  from  l-50tb 
to  l-3(Jth  of  an  inch  in  diameter;  and  in  those  the  longitn- 
dinal  and  annular  fibres,  together  with  the  ciliated  cpitbeliotn, 
come  to  an  abrupt  termination.  Beyond  this  boundary,  the 
tubular  form  of  the  air-passages  continued  from  the  bronchi 
is  retained  tor  some  distivoce  ;  but  it  is  gradually  changed  by 
the  irregular  brauching  of  the  passage!*,  and  by  the  increase 
of  the  number  of  apt^rtures  in  their  walls,  which  lead  to  the 
air-vesicles.  Thus,  at  larf,  each  ruiniite  division  of  the  air 
passages  becomes  quite  irregular  in  form  ;  air-ve^iclcs  openioi 
into  every  part  of  it,  and  almost  constituting  its  walls  j  unl 
it  terminates,  almost  without  dilatation,  in  an  air-ve<<irl« 
This  terminal  portion  of  the  !vir-pft.«8age,  with  its  surroundini 
clu-ster  of  ttir-vcf<icle8,  may  be  regarded  aa  forming  a  sort  oj 
I'ibule,  and  as  representing  the  entire  lung  of  a  Frog  or  other  Reptile;  the  who! 
lung  of  the  Mamma!  being  made-up  of  a  multitude  of  such  lobules,  which  nr 
almost  exact  repetitions  of  each  other.  Thdse  vesicles  which  commutiicate 
directly  with  the  bronchial  tubes  and  intercellular  pa.s.sage»,  open  into  them  by 
large  circular  apertures;  and  they  are  themselves  similarly  opened-into  bj  other 
vesicles,  which  again  eommunioate  with  others  beyond  them;  so  that  each  of  the 
openings  in  the  air-passage  leads  to  a  teries  of  air-vcaiclea,  extending  from  it  to 
the  surface  of  the  lobule.  The  vesicles  which  communicate  most  directly  with 
the  air-passages,  are  more  minute,  and  have  a  closer  va.sculur  network,  than  those 
which  lie  nearer  the  surface  of  the  lobule;  an  arrangement  which  ia  in  beautif 
harmony  with  the  relative  facility  of  renovation  of  the  air  which  they  res.pcctivelj 
L'ontaln,  The  air-vestcles  have  also  lateral  aperturei<  into  each  other;  bo  that 
the  parts  of  any  one  lobule  freely  communicate  togeiher. 

290.  The  walls  of  the  air- vesicles  are  formed  of  a  very  thin  and  transparel 
membrane  (Fig.  78,  c),  which  is  folded  sharply  at  the  orifices  of  communicatioB 
M  as  tu  form  a  very  definite  border  to  them ;  and  which  is  lined  by  an  epitbelia 

'  For  MB  account  of  the  principal  forms  of  Respiratory  ftpparatu*  among  the  lower  Aiii- 
mii\».  lee  "  Paixc.  of  Comp,  rijv.<i.."  CImp.  vi.,  Am.  Ed. 

"  See  especially  the  Memoir  by  Mr.  Rainey  in  (he  "  Med.-Chirnrg.  Trans.,"  toI.  xxviiS.; 
•^d  Prof.  Kolliker's  "  Munuul  of  Hinnaa  Histology "  (Sydenham  Sooietj),  vol.  ii.  pp. 
168^178. 
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Air-rcllf  of  Hvm»H  Lung,  with  int^rrenlng  titsne* : 
— a,  e;iillieliuiu  ;  h.  rlastic  trabeeuliD  ;  t,  uembruiona 
wft.1],  with  fine  eluiio  fibres. 


(rt),  composed  of  minute  polj-  Fto.  78. 

cells  of  from  1-HiOOili  to 
•52.^0tb  of  an  iach  in  iliauiettr, 
and  from  l-28n0th  to  l-3suOth  of 
an  inch  in  thickness.  Between 
the  uir-resicles  in  a  kind  of  trabe- 
cular tissue,  wLicli  seems  lo  be 
almost  entirely  ci>mpos<.*d  of  yellow 
elastic  fibres  (6) ;  and  some  of 
these  fibres  also  coalesce  with  the 
lioint;  membrnne,  so  as  to  import 
to  it  increa!<ed  atrength  ;  this  being 
especially  the  cnfie  around  the 
apertures  of  eommuoii'atioQ  be- 
tween the  contifruous  air-cells.  Tt 
is  only  between  the  lobular  groups 
of  air-vesicles,  that  connective  tis- 
sue exist*  in  any  appreciable  quan- 
tity.— The  diameter  of  tlie  Human 
air-cells  is  about  twenty  times 
greater  than  that  of  the  capillaries 
which  are  distributed  upon  tbi-ir 
parietes  j  varying  (nccording  to  the 
measurement  of  Weber)  from  the 
1.20Oth  to  the  I-70th  of  an  inch.' 
It  has  been  calculated  by  M. 
Rochoux,  that  as  xuony  m  17,71*0 
air-cells  are  grouped  around  each  terminal  bronchus;  and  that  their  total  nutnber 
amonnta  to  no  less  than  CUO  milUoiui.  The  cupilJary  plexus  (_Fig.  79)  is  so  dis- 
posed    between    the     two     layenj 

which  form  the  walls  of  two  adja-  I'm-  ?•• 

cent  air^^Us,  as  to  expose  one  of 
its  surfaces  to  each  ^  by  which  pro- 
vision the  full  influence  of  the  air 
opOD  it  is  secured.  The  net-work 
of  vessels  is  so  close,  that  the 
diameter  of  the  meshes  is  aoarctly 
80  great  as  that  of  the  capillaries 
which  enclose  them ;  indeed  it 
would  be  impossible  to  conceive  of 
a  method,  by  which  blood,  whilst 
still  retained  within  vessels,  should 
be  spread  over  a  large  surface  for 
aeration.  And  if  not  restricted 
within  vessels,  it  could  not  bo 
ceoseleaslj  and  rapidly  driven-on 
by  the  propulsive  power  of  the 
heart,  which  acts  no  less  efficiently  upon  the  pulmonary  circulation  than  upon  the 
systemic,  although  the  force  exerted  is  much  infLiior,  the  resisting  power  beiug 
far  less,  in  conse<|uence  of  the  shortness  of  the  circuit. 

[M.  RoasigQol  has  recently  given  an  elaborate  description  of  the  pulmonary 
Btructure.     ile  insists  particularly  on  the  ultimate  bronchial  raniificMtivms  bcint.' 

•The  dimcnsionB  giveti  bjr  MoJeuohott  ("De  Vesiculns  Pulmonum  MalpTj^hiflnifl "';  uro 
very  much  less  than  these  ;  the  ningo  of  diametor  being  gtated  by  him  at  between  1  -I'JOth 
and  l-1200lh  of  nu  inch.  The  Author's  own  obscrvationa,  however,  lead  liim  lo  rcpurd 
Web«r'8  Qtatemeiit  as  verj  neur  tbt- truth:  aud  that  of  Prof.  Kiilliker  ia  almuat  preciselj 
lli«  Mine. 


Arrangement  of  the  Capillarieg  of  the  air-oeUj 
of  the  Utiman  Lung. 
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in  shape  Hie  nn  inverted   fuanel,  and  he  terma  tbera  the  in/uu<J!huht.    Tlie 
cells,  formiug  a  honeycomb  on  their  interior,  he  calls  the  alveoli  (Figs.  80  and  81)» 


Fio.  SO. 


«^ 


Fi6.  81. 


Thin  >tice  from  the  pletiral  farraco  of  a  c&t's  Inn;;,  consIderaMj  magrtified.  At  the  thia  edge. 
Led,  (ihcnli  nre  »ecn.  In  the  centre  (u  a)  wbere  the  <lice  ii  thicker,  nlveoU  arc  »e«n  oa  Ikf 
"jilli  of  inftindihula.     From  liotti'ynot, 

Hmphyscina,  according;  to  this  amtbor,  seems  to  c^sist  in  a  distensioD  of  the 
p^isfiages  and  cells^  and  a  breaking  down  and  obliteration  of  the  septa,  fint 
between  the  ootls  of  the  same  passage  and  then  between  Dcighboaring  paaugee, 
and  even  between  contipuf^us  lobules. 
[The  diameter  of  the  lobular  pnssagea  i»  from  yHuth  to  ^^g|th  of  an  inch ;  and 
that  of  the  cells  from  5  J  nth  to  T|io*^^  ^^  *"  '''*'''  accordine 
to  our  measure  meats.  In  a  preparation  of  the  lung  nf 
the  cnlf,  by  Professor  Retains,  fhey  measure  gj^th;  and 
Dr.  W.  Addison  makes  them  from  32^6^^  ^  i&o^^  °^  ^^ 
inch. — Ed.'] 

291.  The  fibrous  coat  of  the  bronchial  tnbea  possesses  a 
oonsidcrable  amount  of  muscular  contractility,  which  (ac- 
cordinfr  to  the  experiments  of  Dr.  C.  J.  B.  Williams') 
may  be  excited  by  electrical,  chemical,  or  mechanical 
Bhmuli,  applied  to  themselves;  but  this  if;  not  so  readily 
excicahle  through  their  Bcrves>  although  the  experiments 
of  Volkmann*  and  Longet*  have  clearly  shown  the  possi- 
bility of  thus  calling  it  into  action.  This  contractility 
ropL-mbles  that  of  the  intestines  or  arteries,  more  than  that 
of  the  voluntary  muscles  or  heart;  the  contraction  and 
relaxation  beinjr  more  gradual  than  that  of  the  latter, 
though  less  tardy  than  that  of  the  furmer.  It  is  chit-fly 
manifested  in  the  smaller  bronchial  tubes,  those  of  less  than  a  line  in  diameter 
having  been  seen  to  contract  gradually  under  the  stimulus  of  galvaniam,  until  their 
cavity  was  nearly  obliterated  j  on  the  other  hand,  in  the  trachea  and  larger  bron- 
chi, the  cartilaginous  rings  prevent  any  decided  diminution  in  the  calibre  of  the 
tubes,  and  the  muscular  structure  is  much  hs^s  distinct.  It  is  remarked  by  Pr. 
Williams,  that  the  contractility  of  the  bronchial  muscles  is  soon  exhausted  by  the 
action  of  the  stimulus;  but  that  it  may  in  some  degree  be  restored  by  rest,  even 

'  "  Physiological  Atiatomjr,"  by  Todil  anJ  Bowman,  Am.  Ed. 
*  "  Hcport  of  the  British  Associntion  for  1840,"  p.  411. 
»  •'  Wafcner'B  Ilandworterbuch,"  band  ii..  Art  '  Nertenphysiologie,'  {  586. 
"  AiiHt.  et  Phyfiiol   du  Systeme  Ncrveux,"  torn.  ii.  p.  289.  / 


l'irnn<'l'ial  tcrminatinn 
in  the  lung  of  the  dag, 
a.  Tulie  (liibttlar  piw- 
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the  infuninbuln.  A.  One 
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"wheD  the  luog  is  removed  from  the  body.  When  the  stimulation  is  lonp  con- 
tinued, however,  as  byiDtense  irritadoti  of  the  mucous  incrnbraBc  during  life,  the 
contractile  tisane  passes  into  a  state  which  resembles  the  tonic  contraction  of  mus- 
colar  fibre.  The  contractility  is  greatly  aflFectcd  by  the  mode  of  death,  and  is  re- 
markably diminished  by  the  action  of  vegetable  narcotics,  particularly  stramonium 
and  belladonna  :  whilst  it  seems  to  be  scarcely  at  all  affected  by  hydrocyanic  acid. 
— These  facts  are  very  important,  as  throwing  lipht  upon  certain  diseased  con- 
ditions. It  has  long  been  suspected,  that  tlie  dyppno'a  of  Spa.smodic  Asthma 
depends  upon  a  constricted  state  of  the  smalltr  bronchial  tabes,  excited  through 
the  nervous  system,  frequently  by  a  stimulating  causn  at  some  distance ;  and 
there  can  be  now  little  doubt  that  such  is  the  case.  The  peculiar  influenco  of 
stramonium  and  belladonna,  in  diminishing  the  contractility  of  these  fibres,  har- 
monizes r»?markably  with  the  well-known  fact  of  the  relief  frequently  afforded  by 
them  in  this  distressing  malady.  It  seems  not  improbable  that  this  contractility 
of  the  bronchial  tubes  may  serve  to  regulate  the  supply  of  air  to  the  lobules,  in 
accordance  with  the  wants  of  the  system,  just  ns  the  contractility  of  the  minute 
artericB  regulates  the  supply  of  blood  to  the.  organs  to  which  they  proceed ;  and 
it  may  possibly  be  through  this  channel,  that  the  remarkable  variation  is  effected 
in  the  amount  of  respiration,  which  adapts  the  quantity  of  heat  produced  to  the 
depression  of  the  external  temperature  (§  286),  It  has  been  further  suggested 
by  Dr.  W.  T.  Gairdner,'  that  the  contractility  of  the  smaller  bronchi  may  serve 
to  expel  collections  of  mucus  whtr-h  have  accumulated  in  thera,  and  which 
neither  ciliary  action  nor  the  ordinary  expiratory  efforts  suffice  to  displace.* 

292.  Although  there  is  no  sufficient  reason  to  believe  that  the  Lungs  are 
po—eaDod  of  any  power  of  vital  contractility,  yet  their  Elasticity  prevents  thera 
from  being  altogether  passive  agents  in  the  respiratory  opcmtion.  The  elastic 
tension  is  rapidly  increased  by  the  dilatation  of  the  tungs  with  air;  and  the  care- 
fully-conducted experiments  of  Dr.  Hutchinson'  lend  him  to  estimate  it  at  cer- 
tainly not  less  than  }  lb.  upon  each  square  inch  of  surface,  when  the  lungs  have 
been  filled  by  the  deepest  p<issible  inspiration;  so  that  ita  whole  amount  (reckon- 
ing an  average  surface  of  300  sq.  in.  for  the  male,  and  247  eq.  in.  for  the  female) 
will  he  not  leas  than  150  lbs.  for  the  male,  and  123 J  lbs.  for  the  female,  This 
force  is  exerted  in  aid  of  the  expiratory  movement,  and  is  directly  antagonistio 
to  the  inspiratory ;  so  that  the  inspiratory  muscles  must  overcome  it,  in  order  to 
produce  complete  distension  of  the  pulmonary  cavities.  This  distension  is 
entirely  ac^^omplisbcd  by  the  action  of  the  muscles  external  to  the  thorax,  or 
partly  forming  its  parietes.  The  lung  completely  fills  the  cavity  of  the  pleura, 
ID  the  healthy  state  at  least;  so  that  when  this  is  enlarged,  a  vacuum  would  bo 
produced,  if  it  were  not  occupied  by  a  corresponding  enlargement  of  the  lung; 
and  to  effect  this,  the  air  rushes  down  the  irnchea^  and  thence  passes  into  the 
entire  substance  of  the  lung,  which  it  fills  out  in  every  dimension.  This  disten- 
sion is  much  more  complete  than  any  that  could  be  occaftoned  by  simple  insuf- 
flation from  the  trachea;  for  long  before  the  internal  pressure  cr>uld  overcome 
the  resistance  set-up  by  the  elasticity  of  the  lungs,  and  still  more  by  that  nf  the 
panctes  of  the  chest  (§  295),  to  the  full  dilatation  of  the  air-vesicles,  the  tissue 
of  the  lung  itself  would  be  almost  certain  to  give  way.  This  has  actually  hn^t- 
pened  in  numerous  instances;  and  it  constitutes  a  very  forcible  objection  to  the 
use  of  any  apparatus  for  artificial  respiration,  whose  action  is  that  of  '  insuffla- 
tion / 

•  "Edinburgh  Monthlj  Jonmnl,"  M»y,  1861. 

*  It  has  b«en  maintained  bv  Dr.  Radclyffe  Ilall  ("  Trtmsnctions  of  ProTinciai  Mec^icnl 
Anoeiation,"  lB.'iO},  that  the  contractility  of  the  bronchia!  tubrs  is  called  into  BCtion  in 
eseh  expiratory  morement.  to  AMist  in  emptying  the  lunps.  But  no  evideoce  his  be«Q 
adduced  in  support  of  this  doctrine:  and  ita  improbability  is  apparent  from  the  obvinna 
twt,  that  a  contr»ction  of  the  air-tubes  would  impede,  rather  than  promote,  the  emptying 
cf  the  air-Tt«icle9. 

'  "Cjrolopadia  of  Anatomy,"  Art.  •Thorax,'  voL  it.  p.  1068. 
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293.  The  complete  dependence  of  tLe  expansion  oF  (In?  Lunss  upon  the  en- 
larpeuipnt  of  the  cavity  of"  the  chest,  is  wt'll  shown  hy  the  effect  of  adnii^ion 
of  air  into  the  plcunil  cavity.  When  an  aperture  is  made  on  either  aide,  ao  thit 
the  ttir  ruehes-in  at  each  insspirntorj  movement,  tlie  expniision  of  the  lung  on  that 
side  is  diminished,  or  entirt-iy  prevented,  in  proportion  to  the  size  of  the  aperture. 
If  air  can  enter  thr<iuph  it  more  readily  than  through  the  trachea,  an  entire  col- 
lapse of  the  lung  takes  place ;  and  by  making  such  an  aperture  od  each  »id 
couipletG  asphyxia  is  produced.  But  if  it.  be  Vx)  small  to  admit  the  very  re* 
parage  of  air,  the  vacuum  produced  by  the  inspiratory  nioveuient  is  more  easi 
filled  by  the  distension  of  the  lunps,  than  by  the  rush  of  air  into  the  pleural 
cavity ;  so  that  a  sufficient  aitinunt  of  clianf^e  tukcj*  place  for  the  iriaintenance  of 
life.  This  is  frequently  observed  in  the  case  of  penetrating  wounds  of  the  thorax, 
in  the  surgical  treatment  of  which,  it  is  of  great  importance  to  close  the  aperture 
as  completely  as  possible;  when  this  has  been  accomplished,  the  air  that  had 
found  it-3  way  into  the  cavity  is  soon  absorbed,  and  the  lung  resumes  its  full  play. 
Where  one  lung  is  obstructed  by  tubercular  deposit,  or  is  prevented  in  any  other 
way  from  rightly  discharging  its  function,  an  opening  that  freely  admits  air  into 
the  pleural  cavity  of  the  other  side,  is  necessarily  attended  with  an  immediately- 
fatal  result;  and  in  this  manner  it  not  unfrequently  happens  that  chronic  pul- 
monary diseases  suddenly  terminate  in  Asphyxia,  a  communication  being  opened 
by  ulceration  between  a  bronchial  tube  nod  the  cavity  of  the  thorax. 

*294.  Of  ihr  R'spiratori/ Movements.  —  The  dilatation  of  the  Pleura!  cavity 
during  Inepirution,  is  chiefly  accomplished  by  the  contraction  of  the  Diaphragm, 
which,  from  the  high  arch  that  it  previously  formed,  becomes  nearly  plane;  in 
this  change  of  tiguro,  it  presses  on  the  abdominal  viscera,  so  as  to  cause  them  to 
protrude,  which  they  are  enabled  to  do  by  the  relaxatioD  of  the  abdominal  mus- 
tk's.  In  ordinary  tranquil  breathing  (especially  in  children),  the  action  of  the 
diaphrugtu  is  alone  nearly  sufficient  to  produce  the  necessary  exchange  of  air; 
but,  when  a  full  inspiration  is  required,  the  cavity  of  the  cheat  is  dilated  laterally 
and  antero-posteriorly,  as  well  as  inferiorly.  The  enlargement  of  the  cheat  in 
both  these  directions  is  effected  by  the  elevation  of  the  ribs;  for  whilst,  in  the 
undilated  state  of  the  thorax,  the  ribs  form  an  angle  with  their  cartilages,  whi<!i 
beconu's  less  ami  lc?3  obtuse  as  we  pass  from  the  first  rib  downwards,  the  elev  i- 
tion  of  the  ribs  tends  to  bring  them  and  their  cartilages  more  nearly  into  a  line, 

and  thus  separates  them  more  widely 


:1\^ 

iJT^ 


[FiQ.  82. 


Fic.  83. 


// 


from  the  median  plane,  and  at  tha 
same  lime  causes  them  to  push  for- 
wards  the  sternum.  Owing  to  the 
greater  length  of  the  lower  true  ribs, 
and  the  greater  obliquity  of  their 
junction  with  their  cartilages,  both 
these  changes  arc  more  considerable 
in  the  Inwcr  part  of  the  thorax  than 
in  the  upper ;  and  this  is  especially 
the  case  in  adult  men,  whose  respi- 
ration has  been  designated  a.s  '  infe- 
rior costal/  whilst  in  females  the 
mobility  of  the  first  rib  and  of  the 
whole  uf  the  upper  part  of  the  tho- 
rax is  greater,  so  that  their  respira- 
tion may  be  designated  as  '  superior 
costal.'  (Figs.  82,  S3.)  — The  tho. 
mcic  muscles  whose  contraction 
participates  in  the  ordinary  move- 
ments of  Inapiratiiin.  are  (accordin 


'1  to  Dr.  Hutchinson,  Op.  cit.,  p,  1055 
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the  external  mtorcostal,  with  those  portions  of  the  tnt^mal  intercostala  which 
pasa  between  the  cartilage?,  tbe  Icvatores  costarum,  and  a  portioa  of  the  triangii- 
laris  sterni,  all  of  which  have  the  aame  actios,  that  of  elevating^  the  ribs.  On 
the  other  hand,  the  thoracic  Expiratory  muscles  are  the  proper  costal  portion  of 
the  internal  intercostal*,  with  the  infracostals,  and  a  part  of  the  triangularis 
iterni.  The  respiratory  movement  will  be  assisted  also  by  the  abdominal  mus- 
cles, which  antagonize  the  diaphragm  by  prcAsing-back  the  abdominal  viscera, 
and  thus  causing  its  ascent  sn  soon  as  it  has  become  relaxed.  There  are  nmny 
accessory  mu!<cles,  however,  which  take  a  share  in  violent  respiratory  movements, 
both  inspiratory  and  expiratory.  Thus  all  the  muscles  which  elevate  the  scapula, 
may  act  through  it  upon  the  ribs,  and  the  scatcni  act  directly  upon  the  first  rib; 
whilst  all  those  which  erect  the  spine,  fix  more  perfectly  the  origins  of  these  and 
other  muscles  which  are  to  act  upon  the  thorax.  So,  again,  the  expiratory  move- 
ment is  aided  by  the  longisaimus  dorsi,  aacrolumbalis,  and  other  muscles  which 
tend  to  depress  the  ribs.  In  difficult  respiration,  almost  every  muscle  in  the  body 
is  made  in  some  way  subservient  to  tbe  distension  of  the  chest;  thus,  a  patient 
suffering  under  urgent  dyspnoea  instioctively  lays  hold  of  some  fixed  object,  bo  as 
to  prevent  his  upper  estremitiea  from  moving;  and  thus  his  scapula  becomes  a 
fixed  pointy  from  which  the  pectorales  (major  and  minor)  and  serratus  magnus 
can  aid  in  elevating  the  ribs. 

295.  The  relative  amount  of  muscular  force  which  is  rcijuired  for  these  two 
movements  respectively,  is  affected  in  a  verj'  remarkable  manner  by  the  elasticity 
of  the  walls  of  the  thorucic  cavity ;  for  this  (like  the  elasticity  of  the  lungs) 
supplies  a  force  which  greatly  aids  tbe  ftrpiratory  movement,  whilst  it  offers  ii 
corresponding  opposition  to  the  j'wspiratfiry.  Here,  also,  the  degree  of  force 
exerted  increases  very  rapidly  with  the  degree  of  distension.  Thus  in  a  body 
experimented-OD  by  Dr.  Hutchinson  (Op.  cit.,  p.  1056),  the  following  were  the 
relations  between  the  amount  of  air  forced-in,  the  resisting  elasticity,  as  shown 
by  the  height  of  mercury  supported,  the  actual  pressure  upon  each  square  inch 
of  surface  which  this  indicated,  and  the  total  pressure  over  tbe  surface  of  the 
chest,  reckoning  its  area  at  206  square  inches  : — 


Pre^Kure  In  btlgbt 
CnUfl  IncfcM.                               of  Marenrjr. 

PretaoT* 
par  aq.  in. 

Total 
Prt-Miun. 

Air  forced  in 

70     ResiBting  elasticitj  1*00  inch. 
90          ••              '•          1-60     " 

7-8  ox. 
11-7  " 

104-4  lbs. 
160  8    •• 

It 

180          ••              •'          8-26     " 

26-8  " 

826-8   •• 

u 

200          «•              "          4-60    '* 

861  " 

461-9   •• 

To  this  451-9  lbs.  must  be  added  at  leust  128  lbs.  for  tbe  elastic  force  of  the 
lungs  themselves  at  that  degree  of  distension,  making  altogether  580  lbs. ;  and 
as  the  subject  of  this  observation  could  expire  duriug  life  considerably  more  air 
than  tbe  highest  amount  forced  into  his  chest  after  death,  there  can  be  tittle 
doubt  (judging  from  the  rapid  ratio  in  which  the  elastic  force  increases  when 
the  distensioD  is  approaching  its  limits)  that  the  muscular  power  required  to 
overcome  this,  towards  the  close  of  a  very  deep  inspiration,  could  not  have  been 
less  than  1000  lbs.  The  co-operation  of  the  elastic  resistance  with  the  expira- 
tory movement,  and  its  antagonisiu  to  the  inspiratory,  is  doubtless  the  principal 
cause  why  the  power  of  the  expiratory  muscles,  as  tested  by  the  hpighr  «»f  the 
column  of  mercury  supported  by  the  air,  should  always  be  greater  than  that  of 
the  inspiratory  muscles  (see  Dr.  Hutchinson,  Op.  cit.,  p.  1061);  and  why  the 
expiratory  power  should  be  very  much  greater  when  the  chest  has  been  well 
filled  with  air,  than  when  it  is  comparatively  empty.  Tbe  following  b  given  by 
Dr.  Hutchinson  as  tbe  range  through  which  these  powers  may  vary  within  the 
limits  of  health  : — 
19 
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l^iwer  of 
Inaplntoiy  MaadML 


Pownr  nf 


] -5  inch.  Weak 2  0  inches. 

20  ••  Ordinary «  2-6  " 

2-6  "  Strong „» ^ 86  ** 

8-6  '•  Very  strong 4-5  ** 

4-6  ♦•  Remarkable  ^ 6-8  ** 

6'6  "  Very  remarkable  7*0  •* 

B-0  "  Extraordinnry  „ ...»..» ...  8-5  «* 

7-0  ••  Very  extraordio&ry 10-0  " 

The  cspirat-orv  power  may  he  augmented  bj  the  habitual  perforiijnnc«  of  niOTs* 
mentB  in  which  they  participate;  aud  ihua  the  inspiratory  power  is  the  prefenble 
test  of  the  vis  vifn-..  This  haa  beeu  found  by  Dr.  Huteliinaon  to  bear  some  reJt- 
tion  to  height,  being  ^catest  (on  an  average  of  a  considerable  number  of  cases) 
when  the  stature  ia  5  feet  7  or  8  inches;  and  diminishing  above  that  height,  as 
treil  as  bolow  it. 

200.  It  is  impossible  to  form  a  correct  estimate,  by  observations  on  one's-eelf, 
of  the  usual  Number  and  extent  of  the  respiratory  movements  j  since  the  direc» 
tion  of  the  attention  to  them  is  certain  to  increase  their  frequency  and  amotint 
la  general  it  may  bo  stated,  that  from  16  to  20  alternations  usually  occur  in  a 
minute;'  of  these,  the  ordinary  inspiraliona  involve  but  little  movement  of  the 
thorax;  but  a  greater  exertion  is  made  at  about  every  fifth  recurrence.  The 
average  numerical  proportion  of  the  respiratory  movements  to  the  puIsMtioQB  of 
the  heart,  is  about  1:5,  1:4J,  orl:4;  and  when  this  proportion  is  widely 
departed- from,  there  is  reason  to  suspect  some  obstruction  to  the  aeration  of  the 
blood,  or  some  disorder  of  the  nervous  system.  Thus  in  Pneumonia,  in  which* 
greater  or  less  amount  of  the  lung  is  unfit  for  its  office,  the  number  of  re«pii»> 
tions  increases  in  a  more  rapid  proportion  than  the  acceleration  of  the  pulse;  ao 
that  the  ratio  beeomes  lis  1  to  3,  or  even  1  to  2,  in  accordance  with  the  deeree 
of  engorgement.*  In  Hysterical  patients,  however,  a  similar  increase,  or  even  x 
greater  one,  may  take  place  without  any  serious  cause;  thus  Dr.  ElUots>ou'  UK-n- 
tions  a  case  iu  which  the  ref^piratory  movements  of  a  young  female,  throoeh 
nervous  affection,  were  98  or  even  106,  whilst  the  pulse  was  104.  On  the  other 
hand^  the  respirations  in  certain  typhoid  conditions  and  in  narcotic  poisooioi' 
become  abnornmlly  slow,  owing  to  the  torpid  condition  of  the  nervous  centres, 
the  proportion  being  1  to  6,  or  even  I  to  8 ;  and  in  such  cases,  the  lungs  not 
unfrequentiy  become  ccdematuus,  from  a  cause  hereafter  to  be  mentioned  (307). 

297.  Not  only  the  rate  of  the  llespiratory  movement*,  but  also  their  cxt«nt, 
18  aficcted  by  various  morbid  conditions;  thus  when  dislocation  of  the  spiM 
talces  place  above  the  origin  of  tbe  intercostal  nerves,  but  below  that  of  tbi 
phrenic,  so  that  the  former  are  paralysed,  tbe  respiratory  movenaenl  i.s  cont 
to  the  diaphragm  :  and  as  this  is  insufficient,  serum  is  eS'used  into  tbe  lungs, 
a  slow  Asphyxia  supervenes,  which  usually  proves  fatal  in  from  three  to 
days.  Even  where  the  muscles  and  nerves  are  all  capable  of  action,  the 
performance  of  the  inspiratory  movements  is  prevented,  by  the  solidificatioo  or 
engorgement  of  any  part  of  the  lung,  which  interferes  with  its  free  distenaiiw; 
or  by  adhesions  between  the  pleural  surfaces,  which  offer  a  still  more  direct  im- 
pediment. When  these  adhesions  are  of  long  standing,  they  are  commoaiy 
stretched  into  bands,  by  the  continual  tensiun  to  which  tuey  are  subjected.  If 
the  impeding  cause  affect  both  aides,  the  movements  of  both  will  be  alike  iittiff^ 
fered-with ;  but  if  one  side  only  be  affected,  its  movements  will  be  diminished 
'Whilst  those  of  the  other  remain  natural ;  and  the  physician  hence  frequevllr 

•  8e«  Dr,  Hatcbinsou's  Tabic,  in  "Cyclop,  of  Anat.  and  Phys.,"  vol.  iv.,  p.  1086. 

•  See  a  Paper  by  i>r.  Hooker,  ou  the  <  Hclation  between  tlie  Respiralory  and  CirwIatiDf 
FunotioQH,'  in  (be  "  Itoston  (N,  £.)  Medical  nnd  Surgical  Journal;"  ui  abvtraot  af  ^ftl^l* 
pill  be  found  in  the  "  Hritioh  and  Foreign  Medical  ^view,"  vol.  ir.,  p.  208. 

•  "  Physiology,"  p.  216,  note. 
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derivca  an  indication  of  great  value,  in  regard  to  the  degree  in  wtich  the  lung 
has  bccoiDO  incapable  of  performing  its  functions.  It  is  to  be  reinenibered,  how- 
ever, that  the  action  both  of  the  diaphrsgin  and  of  the  elevators  of  the  ribs  may 
be  prevented,  by  pain,  either  in  the  muscles  themselves  or  in  the  parts  which 
they  move  J  thua  the  descent  of  the  diaphragrei  is  checked  by  inflammution  of  the 
abdominal  viscera  or  of  the  peritoneum ;  and  the  play  of  the  intcrcoatula  by 
rheuiuatism,  pleuritis,  pericarditis,  or  other  painful  difiordcrs  of  the  parts  form- 
ing the  parietes  of  the  thorax. 

'298.  We  have  now  to  inquire  into  the  mode  in  which  the  Muscular  move- 
ments of  Respiration  are  kept-up  by  Nervous  power. — There  ran  be  no  doubt 
that  these  mnventents,  though  partly  under  the  control  of  the  Will,  are  cfsentially 
'automatic'  in  their  nature.  Their  chief  centre  is  the  upper  part  of  the  MeduUa 
Oblongata,  into  which  may  be  traced  the  principal  exritor  nerves  that  convey  the 
Btimnlua  on  which  the  movements  are  dependent,  whilst  from  it  proceed  the 
principal  motor  nerves  by  which  they  are  carried  into  effect.  And  thus  it  hap- 
pens that  the  whole  of  the  Encephalon  may  be  removed  from  above,  and  the 
8pinal  cord  (as  far  up  as  the  origin  of  the  phrenic  nerve)  from  below,  without 
Buapending  the  moat  essential  of  the  respiratory  movements.  But  other  parts  of 
the  automatic  centres  are  concerned  in  the  ordiniiry  movements  of  respiration; 
and  there  is  probably  no  part  that  may  not  be  excited  to  action,  by  tne  extra- 
ordinary stimulus  which  results  from  a  prolonged  interruption  to  the  aeration  of 
the  blood  (§  294). 

299.  The  chief  *  eicitor'  of  the  respiratory  movements  ia  unque^stionably  the 
Pneumogaatrio  nerre.  When  thuj  is  divided  on  both  sides,  according  to  the  ex- 
periments of  Dr.  J.  Keid,'  the  number  of  respiratory  movements  is  considerably 
diminished,  usually  by  about  one-half.  Now  if  this  nerve  excites  tbc  motionfl 
of  respiration  by  its  powerful  action  in  producing  scttsafion,  we  should  expect  to 
find  its  trunk  endowed  with  considerable  Menaibility,  which  is  not  the  ccse ;  fnr 
all  experimenterB  agree  in  stating,  that,  when  its  trunk  is  pinched  or  prickcJ,  the 
animal  does  not  exhibit  signs  of  pain  nearly  so  acute,  as  when  the  trunks  of  the 
ordinary  spinal  nerves,  or  of  the  fifth  pair,  are  subjected  to  pimihir  treatment. 
It  cannot  be  questioned,  however,  that  its  power  as  an  eicitor  of  respiration  is 
very  great;  since,  besides  the  fact  of  the  diminution  in  the  number  of  inspira- 
tions  which  occurs  immediately  on  section  of  it,  irritation  of  its  trunk  in  the 
neck  is  instantly  followed  by  an  act  of  inspiration.  It  is  evident  that  this  power 
muat  arise  from  imprations  made  npon  its  peripheral  extremities.  The  impreg- 
aion  13  probably  due  to  the  presence  of  venous  blood  in  the  capillaries  of  the 
lungs;  or,  as  Dr.  M.  Hall  thinks,  to  the  presence  of  carbonic  acid  in  the  air-cells. 
Either  or  both  may  be  true. — The  Pneuniogastric  nerve,  however,  is  not  the  only 
'  cxcitor'  of  the  respiratory  movements ;  sttice,,  when  the  nerve  is  cut  on  each  side, 
these  still  continue,  though  with  diminiuhed  frequency.  The  removal  of  the 
Encephalon  lessens  the  frequency  of  the  respiratory  movements,  whether  it  bo 
performed  before  or  after  the  section  of  the  Vagi.  Dr.  Reid  found  that  in  a 
kitten  of  a  day  old,  in  which  the  inspirations  had  been  100  per  minute,  they  fell 
to  40  when  the  Encephalon  was  removed  ;  and  on  subsequently  cutting  the  Pneu- 
mogastricp,  the  number  of  inspirations  instantly  fell  to  between  3  and  4  in  the 
mitiute,  and  continued  so  for  some  time.  Ilence  it  has  been  supposed  that  the 
respiratory  movements  are  partly  dependent  upon  sensation,  a  motor  influence 
being  excited  by  it;  but  it  may  be  fairly  surmisod,  from  the  close  dependence 
of  nervous  activity  upon  the  oxygenation  of  the  blood,  that  a  'be-soin  de  respirer' 
may  originate  in  the  circulation  of  imperfectly-aerated  blood  in  the  nervous 
centres  themselves,  and  may  become  the  direct  excitor  of  respiratory  movements. 

'  "Ediob.  Med.  and  Surg.  Joum,,"  vol  li, ;  and  "Phy8.»  Anat,  and  Pathol.  Re?^"  p. 
177 — Dr.  Keid  h«ia  saliafacturilj  shown  the  atatement  of  many  experiroentera,  that  th« 
iaspiratioiie  are  increattd  in  frequency  after  Ihia  operation,  to  be  erroneouH;  Ibia  idea 
having  originated  in  the  very  prolonged  audi  laborioaa  character  of  the  movcuienta. 
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300.  But  why  (it  may  be  asked)  do  the  movenients  continae,  when  the  Poeu- 
tmogastrius  have  been  divided,  and  the  Enccpbalon  haa  been  removed?  It  ii 
I  evident  that  there  must  be  other  exeitore  to  tUe  action  of  the  respiratory  mtuclea. 

AiuuQ<:at  tbcse^  the  nerves  distributed  to  ibe  general  tturface,  and  particularly  ta 
the  face,  probably  perforin  an  important  part ;  and  in  exciting  the  first  inspiiv 
tioD,  the  Fifth  pair  seems  the  principal  agent.  It  baa  long  been  a  well-knuirn 
fkct,  ihat  the  fiirat  inspiratory  effort  of  the  new-born  infant  is  most  vigorcHialy 
performed,  when  the  cool  exterTtul  air  comes  into  contact  with  the  face ;  and  th^ 
impreesiona  on  the  general  Burfuce,  ?uch  as  a  slap  of  the  hand  on  the  nates,  are 
often  effectual  in  exciting  the  first  inspiratory  movements,  when  they  would  not 
Otherwise  commence.  Dr.  3L  Hall  relates  an  interesting  case,  in  which  the  6nl 
inspiration  waa  delayed,  Gimply  becauj^e  the  face  was  protected  by  the  bed-clothe> 
froco  the  atmosphere}'  and,  on  lifting-up  these,  the  infant  ini mediately  breathed. 
Dr.  M.  Ilall  has  also  mentioned  the  important  fact,  that  although,  if  the  cer»- 

ihrum  be  removed,  and  the  pncumogfistrics  be  divided,  in  a  young  kitten,  the 
nnmber  of  acts  of  respiration  will  be  reduced  to  four  in  a  minute,  yet  by  direct' 

ting  a  stream  of  air  on  the  animaK  or  by  irritating  various  parts  of  the  geoenl 
furfaoe,  we  may  excite  twenty  or  thirty  acta  of  respiration  within  the  same  iptM 
of  time.  He  further  remarks,  that  iu  the  very  young  warm-blooded  animals,  ai 
«n  the  cold'blooded  animal,  the  phenomena  of  the  escito-motor  power  are  fir 
more  vividly  manifested,  than  in  the  older  and  warm-blooded.  In  the  very  young 
kitten,  even  when  asphyxiated  to  inisenaibility,  every  touch,  contact,  or  alight 
blow,  every  jar  of  the  table,  any  sudden  impression  of  the  external  air,  or  that 
of  a  ffW  drops  of  cnld  water,  indnnes  at  once  energetic  reflex  movemeD(«  and  aoti 
of  inspiration.  Thia  may  be  looked  upon  as  Nature's  provision  for  the  first  tk- 
tablishmcot  of  the  respiratory  function  in  the  new-born  animal.  —  But  the  in- 
fluence of  the  nerves  of  the  generul  system  ia  by  no  means  wanting  in  the  adnll; 
as  many  familiar  facts  domoDstrate.  Thus  every  one  knows  that  the  first  plunge 
into  cold  water,  or  the  first  descent  of  the  streams  of  the  shower-bath,  or  even 
the  dashing  of  a  glass  of  cold  water  in  the  face,  will  produce  inspiratory  efforti; 
and  this  fact  has  many  important  practical  applications.  Thus  in  the  trcatmeol 
of  Asphyxia,  whether  congenital,  or  the  result  of  narcotic  poisoning,  drowning, 
&o.,  the  alternate  application  of  cold  and  heat  is  found  to  be  one  of  the  most 
efficacious  means  of  restoring  the  respiratory  movements;  and  a  parosysro  of 
byateric  laughter  may  be  cut-short,  by  dashing  a  glass  of  cold  water  in  the  face. 
One  of  Dr.  Reid'a  experiments  strikingly  demonstrates  the  variety  of  the  pro- 
TisioDS  that  bave  been  made  for  the  performance  of  this  function.  After  dividing 
the  pneumopastrici),  and  removing  the  cerebrum  and  cerebellnm,  he  divided  the 
tpinal  cord  high-up  in  the  neck;  so  aa  to  cut-off  the  communication  between  the 
spinal  nerves  and  the  Medulla  OblongatA ;  and  be  found  that  the  frequency  of 
tne  respiratory  movements  was  still  further  diminished,  although  they  were  not 
even  then  entirely  Bu.<tpended ;  their  continuance,  after  every  channel  of  excita- 
tion appeared  to  have  been  cut  off,  being  probably  dependent  (aa  he  himself  sug- 
gested) on  the  circulation  of  imperfectly-aerated  blood  in  the  Medulla  Oblon^t*. 
— It  seems  not  improbablo  that  even  the  Sympathetic  nerve,  which  derives  many 
filaments  from  the  Cerebro-Spioal  system,  and  which  especially  commaoicatM 
with  the  Pneumogastrio  nerves,  may  be  one  of  the  excitars  to  this  function ;  and 
this,  perhaps,  not  only  through  ita  ramifications  in  the  lungs,  which  are  consider- 
»ble,  but  also  by  its  distribution  on  the  systemic  vessels;  so  that  it  may  convey 

,to  the  Spinal  Cord  the  impression  of  imperfectly-arterialized  blood  circulating 

I  through  these,  such  as  the  Pneumogastric  is  believed  to  transmit  from  the  lungs, 

301,  The  motor  or  'efferent'  nerves  concerned  in  the  function  of  Respiration, 
are  those  which  Sir  C.  Bell  haa  groaped-together  in  bis  *  respiratory  system.' 
The  moflt  important  of  these,  the  Phrenic,  arises  from  the  upper  part  of  the 
Spinal  Cord;  the  Intercostals  much  lower  down ;  whilst  the  Facial  oerve  and  tb« 

*  "New  Memair  on  th«  True  Spin&l  Marrow,"  &c.,  p.  20. 
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Spinal  Accessory,  to  the  latter  of  which,  as  will  he  shown  hereafter,  (chap,  xt. 
8rf  t.  2\  the  motor  powers  of  the  Pneumogastric  are  chiefly  due,  take  their  oripin 
in  the  Medulla  Oblongiata  itself.  But  we  inugt  not  decide  \ipon  the  connection 
of  m  particular  nerve  with  a  particular  Peprocnt  of  the  Spinal  Cord,  pimply 
beeanse  it  diverges  from  it  nt  that  point ;  and  the  analogy  of  the  Invertebratcd 
eltSMB  favours  the  idea,  that  a  direct  structural  connection  exiefa  between  the 
ganglionic  centre  of  the  Respiratory  movements,  and  the  nerves  which  transmit 
their  influence  to  the  muscles.  Upon  this  point,  however,  it  is  unsMifp  to  specu- 
late ;  and  we  can  only  state  it  as  a  possibility,  that  sotne  such  conuection  may  he 
established  in  Vertehrated  animals  through  the  white  columns  of  the  spinal 
cord.  < 

302.  That  the  Respiratory  movements,  as  ordinarily  performed,  are  essentially 
independent  of  the  Will,  appears  not  only  from  our  own  conpcioueness,  but  also 
from  cases  of  paralysis ;  in  some  of  which,  the  power  of  the  will  over  the  muscles 
has  been  loet,  whilst  the  movements  have  been  kept-np  by  the  feflcx  action  of 
the  Medulla  Oblongata  or  respiratory  ganglion ;  whilst  in  others,  some  of  the 
respiratory  muscles  have  been  motionless  during  ordinary  breathing,  and  yet  have 
remained  under  the  power  of  the  will.'  That  ConsciouBness  is  not  a  necessary 
link  in  the  chain  of  causes  which  produce  the  respiratory  movements,  we  arc 
enabled  to  jndge  from  the  phenomena  presented  by  the  human  being  in  sleep 
and  coma,  by  anencephalous  fectuses,  ond  by  decapitated  animals.  This  eonclu- 
fioo  is  confirmed  by  a  case  recorded  by  Dr.  H.  Ley,'  who  had  under  hia  care  a 
patient  in  whom  the  pneumogastrics  appeared  to  be  diseased ;  the  lungs  suffered 
in  the  usual  way  in  consequence,  and  the  patient  had  evidently  laborious  breath- 
ing; but  he  distinctly  said  that  he  felt  no  uneasiness  in  his  chest. — The  expe- 
rience of  every  one  informs  him,  however,  that  the  Respiratory  movements  are 
partly  under  the  control  of  the  will,  though  finequently  unrestrainable  by  it.  In 
ordinary  circumstances,  when  the  blood  ia  being  perfectly  aerated,  and  there  is  a 
sufficient  amount  of  arterial  blood  in  the  system  to  carry-on  the  functions  of  life 
for  a  short  time,  we  can  suspend  the  respiratory  actions  during  a  few  seconds 
without  any  inconvenience.  If,  however,  we  endeavour  to  prolong  the  suspen- 
sion, the  stimulus  conveyed  by  the  exciter  nervca  to  the  Medulla  Oblongata 
becomes  too  strong,  and  we  cannot  avoid  making  inspiratory  efforts;  and  if  the 
suspension  be  still  further  prolonged,  the  whole  body  beconiea  agitated  by  roove- 
ments  which  are  almost  of  a  convulsive  nature,  and  no  effort  of  the  will  can  then 
prevent  the  ingress  of  air.'  It  is  easy  to  understand  why,  in  the  higher  animals 
at  least,  and  more  especially  in  Man,  the  respiratory  actions  should  be  thus  placed 
under  the  direction  of  the  will:  since  they  arc  subservient  to  the  production  of 
those  Sounds,  by  which  indivtdtmts  communicate  their  feelings  and  desires  to 
each  other;  and  which,  when  articulate,  arc  capable  of  so  completely  expressing 
what  is  passing  in  the  mind  of  the  speaker.  If  the  respiratory  muscles  of  Man 
were  no  more  under  his  control,  than  they  appear  to  be  in  the  Insect  or  Mollusk, 
he  might  be  provided  with  the  most  perfect  apparatus  of  speech,  and  yet  be 
would  not  be  able  to  employ  it  to  any  advantage. 

308.  The  motor  power  of  the  Respiratory  nerves  is  exercised,  however,  not 

*  Such  ea«c8  are  mentioned  by  Sir  C.  D«ll,  in  the  Appvndlx  to  bis  work  on  tbo  "  Nervooi 
Bjrstem  of  Ibe  Humim  Body." 

*  "On  LaTjngisinug  Stridulae,"  p.  417. 

*  ft  is  ktserl«d  by  M.  Bourdon  ( "  Becbercbei  ear  1e  Mdcanisme  de  la  RespiralioD," 
p.  21  (,  that  no  person  ever  commiltcd  suicide,  though  many  hare  ■ttemptcd  tn  Hlo  bo,  by 
rioiply  bolding  the  breath ;  the  control  of  the  will  over  the  reipiratory  muscles  not  beinp 
toffeieotly  great  to  »ntiig;onite  the  etimuIfiB  of  the  "  beaoin  de  re^pirer,"  when  this  hue 
b«eome  a^graT&ted  by  the  tenporfiry  cesaation  of  tbe  action.  Bat  sucb  perenna  have  buc- 
•eided  t>«ttcr.  by  holding  the  face  beneath  the  surface  of  water  ;  because  here  another  set 
of  Baaoles  ia  called  into  action,  vhich  are  mueh  more  under  the  control  of  the  vill,  than 
urctboM  of  reflpirntion;  and  a  strong  votition  applied  to  thcfe  can  present  aU  access  of 
air  U>  the  Imtgs,  however  violent  may  be  the  inspiratory  efforts. 
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only  on  the  muscles  which  perform  the  iDspiratory  and  expiratory  mOTemcato, 
but  on  those  nbieh  guard  the  entrtmce  to  the  wind-pipe,  and  also  on  some  otkei 
parts.  The  movements  of  the  iuternal  respiratory  apparatus  are  chiefly,  if  aot 
entirely,  elTccttid  through  the  medium  of  the  motor  fibres,  which  the  Poeamo- 

S'  Btric  coDtaina.  These  motor  fibres  exist  io  very  diifereDt  proportions  in  its 
fferent  branchefl.  For  example,  the  pbar^'ogcol  and  oesophageal  branches,  bj 
which  the  muficles  of  deglutition  are  excited  to  contraction  (§§81,  82),  posses* 
mucli  lurger  amount  of  tbcui,  and  exhibit  mucti  less  sensibility  when  irritated, 
than  do  other  divisions  of  ibe  trunk.  Between  the  superior  and  inferior  Unro- 
gcal  nerves,  again,  there  ia  an  important  difference,  which  anatomical  and  eiperi- 
mentai  research  has  now  very  clearly  demonstratod!.  It  has  long  been  koown, 
that  section  of  the  Pucumogas tries  in  the  neck,  above  the  inferior  laryngeal,  n 
frerjuently  followed  by  suffocation,  resulting  from  closure  of  the  glottis;  aod 
heuce  it  has  been  inferred,  that  the  office  of  the  inferior  lar)'ngeais  was  to  ciH 
into  action  the  dilutors  of  the  larynx,  whilst  the  superior  laryngeaU  were  suppoted 
to  stimulate  the  constrictors.  This  view,  however,  is  incorrect.  It  is  incoosisteot 
'with  the  results  of  anatomical  examination  into  the  respective  distribotioo  of 
these  two  trunks;  and  it  has  been  completely  overthrown  by  the  very  careful  aad 
satisfactory  observations  and  experiments  of  Dr.  J.  Reid,'  which  have  establisbtd 
that,  wbilat  the  inferior  laryngeal  is  the  motor  nerve  of  nearly  all  the  laryngeal 
muscles,  the  sujMtrior  laryngeal  ia  the  excitor  or  afferent  nerve,  conveying  to  iba 
Medulla  Oblongata  the  impr«!i>sions  by  which  muscular  movements  are  excited. 
The  motor  endowmeuts  of  the  latter  are  limited  to  the  crico-thyroid  muscle,  to 
which  aluoe  of  all  the  muscles  \is  filaments  can  be  traced,  the  remainder  MH^d 
distributed  beneutb  the  mucous  surface  of  the  larynx  ;  and  it»  sensibility  ia  ^"I^H 
evident,  when  it  is  pinched  or  irritated  during  experiments  upon  it.  Oo  tU 
other  hand,  the  motor  character  of  the  inferior  laryngeal  branch  is  shown  by  iu 
very  slight  sensibility  to  injury,  by  its  nearly  exclusive  distribution  to  muscle?, 
and  by  its  influence  in  exciting  contraction  of  these  when  its  separated  trunk  ii 
Btiniulatcd. 

304.  It  has  been  ascertained  by  Dr.  J.  Keid  (Op.  cit.),  that,  if  the  inferior 
laryugeat  braucbea  be  divided,  or  the  trunk  of  the  pneumogaatric  be  cut  above 
their  origin  from  it,  there  ia  no  constriction  of  the  glottb,  but  a  paralysed  atiW 
of  its  muscles.  After  the  first  paroxysm  occasioned  by  the  operation,  a  period 
of  quiescence  and  freedom  from  dy.spctea  often  supervenes,  the  respirations  being 
performed  with  ease  so  long  as  the  animal  remains  at  rest;  but  an  untisual  respi* 
ratory  movementj.  such  as  takes  place  at  the  commenoement  of  a  struggle,  induces 
immediate  symptoms  of  suffocation,  —  the  current  of  air  carrying  inwards  the 
arytenoid  cartilages,  which  are  rendered  passive  by  the  paralysed  state  of  their 
muscles ;  and  these,  falling  upon  tho  opening  of  the  glottiii,  like  valves,  obstnict 
the  entrance  of  air  into  the  lungs.  The  more  effort  is  made,  the  greater  will  be 
the  obatructinn :  and  accordingly,  it  is  generally  necessary  to  counteract  tbs 
tendency  to  suffocation,  when  it  is  desired  to  prolong  the  life  of  tho  animal  ifter 
this  operation,  by  making  an  opening  into  the  trachea.  Dr.  R«id  further  ascer- 
tained, that  the  application  of  a  stimulus  to  tho  inferior  laryngeal  nerves,  when 
separated  from  the  trunk,  would  oooasion  distinct  muscular  contractions  in  the 
larynx  ',  whilst  a  corresponding  atimulua  applied  to  the  superior  laryngeal  occa- 
eiuned  no  muscular  movement,  except  in  the  crico-thyroid  muscle.  But  whca 
the  superior  laryngeals  were  entire,  irritation  of  the  mucous  surface  of  the  larynx, 
or  of  the  trunks  themselves,  produced  coutraotion  of  the  glottis  and  efforts  to 
cough  J  effects  which  were  at  once  prevented  bydi\'iding  those  nerves,  and  thereby 
cuttiug-off  their  communication  with  the  Medulla  Oblongata.  There  can  be  QO 
doubt,  then,  that  the  superior  and  inferior  laryngeal  branches  constitute  the  oircls 
of  incident  and  motor  nerves,  by  which  the  aperture  of  the  glottis  is  govemedi 

■  "Edtab.  Med.  and  Surg.  Journ.,"  Jan.  1838;  and  "Anat.,  PhyaioL  and  Pathol.  R«i.," 
qhap.  IT. 
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aod  by  "which  any  irritation  of  the  laryni  is  made  to  cloee  the  passape,  so  bb  to 
prevent  the  entrance  of  improper  enhBtancos ;  whilst  the  superior  laryng^eal  nerve 
also  excites  the  muscles  of  cipiralion,  so  as  to  cause  the  violent  ejection  of  a 
blast  of  air,  by  which  the  offending  ^9,  fluid,  or  solid,  may  be  carricd-off.  The 
effect  of  carbonic  acid  in  causing  spasmodic  closure  of  the  jjlottis,  is  well  known ; 
and  affords  a  beautiful  example  of  the  protective  office  of  this  system  of  nerves. 
The  mucous  surface  of  the  trachea  and  bronchi  appears,  from  the  experiroenta 
of  Valentin,  to  be  endowed  with  excltaViility,  so  that  stimuli  applied  to  it  produce 
expiratory  movement*;  and  this  evidently  operat^'s  through  the  branches  of  the 
pneumogaetric  distributed  upon  the  membrftne.  HerCjas  elsewhere,  we  find  that 
a  stimulus  applied  to  the  suf/ace  has  a  much  more  decided  influence,  than  irrita- 
tion of  the  trunJe  of  the  nerve  supplying  it. 

305.  The    actions    of  sighinij,   yawning,    sohbi'vg,   laughing,   roughing,   and 
wncexing,  are  nothing  else  than  siiople  modificotions  of  the  ordioary  movcroents 
of  Teepiratjon,  excited  either  by  mental  emotions,  or  by  some  stimulus  originating 
in  the  respiratory  organs  themselves, — Sighing  is  nothing  more  than  a  very  long- 
drawn  inspiration,  in  which  a  larger  quantity  of  air  than  usual  is  made  to  enter 
the  lungs.    This  is  continually  taking  place  to  a  moderate  degree ;  and  we  notice 
it  particttlarly  when  the  attention  is  released,  after  having  been  fixed  upon  an 
object  which  has  excit*'d  it  strongly,  and  which  has  prevented  our  feeling  the 
iflMofficiuncyof  the  ordinary  movements  of  respiration.     Hence  this  action  is  only 
oooMiooally  connected  with  mental  emotion.  —  Yawning  is  a  stitl  deeper  inspira- 
liOB,  which  is  accompanied  by  a  kind  of  spapmodic  contraction  of  the  muscles  of 
tke  jaw,  and  also  by  a  very  great  elevation  of  the  ribs,  in  which  the  scapulse 
MlTtake.     The  purely  involuntary  choracter  of  this  movement  is  sometimes  seen, 
in  a  remarkable  manner,  in  cases  of  palsy;  in  which  the  patient  cannot  raise  his 
■hcmlder  by  an  effort  of  the  will,  but  does  so  in  the  act  of  yawning.     Neverthe- 
Ices  this  act  may  be  performed  by  the  will,  though  not  completely;  and  it  is  one 
that  is  particularly  excit«d  by  an  involuntary  tendency  to  imitation,  as  every  one 
must  have  experiencetl  who  has  ever  been  in  company  with  a  »et  of  yawners. — 
Solthing  is  the  consequence  of  a  series  of  short  convulsive  contractions  of  the 
diaphragm;  and  it  is  usually  accompanied  by  a  closure  of  the  glottis,  so  that  no 
air  really  enters. — In  Niemp,  the  same  convulsive  respiratory  movement  occurs, 
■ad  the  glottis  closes  suddenly  in  the  midst  of  it;  the  sound  is  oceasioncd  by 
(lie  impulse  of  the  column  of  air  in  motion  against  (he  glottis. — In  Laughing,  a 
proeisely  reverse  action  takes  place ;  the  mui^cles  of  expiration  are  in  convulsive 
Dovement,  more  or  less  violent,  and  send-out  the  breath  in  a  series  of  jerks,  the 
glottis  being  open.    This  sometimes  goe?»-on,  until  the  diaphragm  is  more  arched, 
and  the  chest  is  more  completely  enjptieJ  of  air,  than  it  could  be  by  an  ordinary 
movement  of  expiration. — The  act  of  Crying,  though  occai^ioned  by  a  contrary 
emotion,  is,  so  far  as  the  respiration  is  concerned,  very  nearly  the  satne  us  the 
last.     Every  one  knows  the  effect  of  mixed  emotions,  in  producing  an  expression 
C#  them  which  is  "between  a  laugh  and  a  cry."  — The  greater  part  of  the  pre- 
ceding movements  seem  to  belong  as  much  to  the  €on»n\KualQr  to  the  emotional, 
as  to  the  fxcitf/-motor  group  of  actions  (§  45) ;  for  whilst  they  are  sometiraea  the 
result  of  peculiar  states  of  the  respiratory  organs,  or  of  the  bodily  system  in 
general,  they  may  also  be  called-f>rth  by  influpnces  which  operate  directly  through 
the  senses,  or  which  excite  the  emotions.     Thus,  whilst  Sighing  and  Yawning 
often  occur  as  simple  results  of  deficient  aeration,  they  may  be  bronght-on, — tlie 
former  by  a  depressed  state  of  the  feelings, — the  latter  by  the  mere  sight  of  the 
act  in  another  person.     The  actions  of  Laughter  and  Crying  secro   never  to 
originate  in  the  respiratory  system ;  but  to  be  always  either  expressions  of  tht; 
emotions,  or  simple  results  of  sensations, — as  when  crying  arises  from  the  sense 
of  pain, — and  laughter  from  that  of  tickling.     The  origin  of  the  act  of  Hiccup 
does  Dot  seem  very  clear;  but  the  movement  is  probably  of  a  purely -reflex 
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306.  The  pnrposos  of  tbe  acts  of  Coughing  and  Snecting  are,  in  both  ia- 
eUQcee,  to  expel  substAnccB  from  the  air-passages,  which  are  soarces  of  irritation 
there ;  artd  this  ia  accompHsh^d  in  both,  by  a  violent  expiratory  effort,  vhicli 
seods-forth  a  blaet  of  air  from  tbe  lungs. —  Coughing  occurs,  when  the  snnroe  t( 
irritatioD  is  situated  at  the  back  of  tbe  tuoutb,  ia  the  trachea  or  bronchial  tabet. 
The  irritation  may  be  produced  by  acrid  vapours,  or  by  liquids  or  solids,  tkit 
have  found  their  way  into  these  passages ;  or  by  secretions  which  bare  been 
poured  iutu  tbem  in  unusual  quantity,  aa  the  result  of  disease ;  or  by  the  simpl< 
entrance  of  air  (especiaily  if  cold),  when  the  ujembrane  is  in  a  peculiarly  ini- 

'table  state.  Any  of  those  causes  may  produce  an  impression  upon  the  cxcitor 
fibres  of  the  Pneaniogastrics,  which,  being  conveyed  to  the  Medulla  Oblongili, 
gives*rise  in  tbe  transuiisfiifjD  of  a  motor  impulse  to  the  several  muscles,  tint 
conibines  tbem  in  the  act  of  coughing.  This  act  consists, — 1st,  in  a  long  inepi* 
ration,  which  fills  tbe  lungs ;  2Qd,  iu  the  cloaure  of  tbe  glottis  at  tbe  momeot 
when  expiration  commences;  and  3rd,  in  the  bursting  open  (as  it  were)  of  tlie 
glottis,  by  the  violeDce  of  the  expiratory  movement;  so  that  a  sudden  blast  of 
air  is  forced  up  tbe  air-passuges,  carrying  before  it  anything  that  may  offer  ta 
obstruction. — The  dtffcreuce  between  Coughing  and  Sneezing  consists  in  tbii,— 
that  in  the  latter,  the  communicatioD  between  the  larynx  and  the  mouth  is  partlj 
or  entirely  closed  by  tbe  drawing-together  of  the  sides  of  the  velum  palati  over 
the  back  of  tbe  tongue ;  so  that  the  blast  of  air  is  directed,  more  or  less  eoB' 
pletely,  through  tbe  nose,  in  such  a  way  as  to  carry-off  any  source  of  irritaiioi 
that  may  be  present  there. — It  is  difficult  to  say  how  far  these  actions  are  inde- 
pendent of  consciousues?,  or  how  far  they  may  require  the  stimulus  of  senMtion 
fi*r  their  performance. 

307.  Various  alterations  arc  produced  in  tbe  Lungs,  by  section  of  the  Pneti- 
mogastric  nerves ;  and  it  bus  been  supposed  that  these  exert  some  more  imme- 
diate and  direct  inflaence  over  the  condition  of  those  organs,  than  their  connec- 
tion with  tbe  respiratory  movements  will  serve  to  account-for.  The  inquiry  iuto 
the  nature  and  succession  of  these  changes  has  been  most  carefully  prosecuted  by 
Dr.  J.  Reid  (Op.  cit) ;  and  aa  his  results  have  a  very  important  bearing  on  seve- 
ml  physiological  and  pathological  questions  of  great  interest,  a  suniniary  of  them 
win  be  here  given. — In  tbe  first  place,  it  has  been  fully  established  by  Dr.  Reid, 
that  section  of  the  Vagus  on  one  side  only  does  not  necessarily,  or  even  geoe- 
rally,  induce  disease  of  the  lung;  and  hence  the  important  itifereoee  may  be 
drawn,  that  the  nerve  does  not  exercise  any  tnim(?Jmf« influence  on  its  functions. 
When  both  Vagi  are  divided,  however,  tbe  animal  rarely  survives  lung;  but  iti 
death  frequently  results  from  the  disorder  of  tbe  digestive  functions.  Nevertbe- 
less,  the  power  of  digestion  is  sometimes  restored  sufficiently  to  re-invigorate  th« 
animals ;  and  their  lives  may  then  be  prolonged  for  a  considerable  time  (§  102). 
In  fifteen  out  of  seventeen  animals  cxperimented-ou  by  I>r.  Heid,  the  lungs  were 
found  more  or  less  unfit  for  the  healthy  performance  of  their  functions.  The 
most  common  morbid  changes  wero  a  congested  state  of  the  blood-vessels,  and 
an  effusion  of  frothy  serum  into  the  airncells  and  brooch tal-tubes.  In  eight  oat 
of  the  fifteen,  these  cbauges  were  strongly  marked.  In  some  portions  of  the 
lungs,  the  quantity  of  blood  was  so  great  as  to  render  tbem  dense.  The  degree 
of  oongcfltion  varied  in  different  parts  of  the  same  lung ;  but  it  was  generally 
greatest  at  the  most  depending  portions.  The  condensation  was  generally  greater 
than  could  be  accounted- for  by  the  mere  congestion  of  blood  in  the  vessels,  and 
probably  arose  from  tbe  escape  of  tbe  solid  parts  of  the  blood  into  the  tissue  of 
the  lung.  In  some  insLtuces  the  condensation  was  so  great,  that  considerable 
portions  of  the  lung  sank  in  water,  and  did  not  crepitate;  but  they  did  not  pre- 
sent the  granulated  appearance  of  the  second  stage  of  ordinary  pneumonia.  In 
five  cases  in  wbich  the  animal  bad  survived  a  considerable  time,  portions  of  tbe 
lungs  exhibited  tbe  second,  and  even  tbe  third  stages  of  pneumonia,  with  pun- 
form  effuaion  into  the  small  bronchia]  tubes  ^  and  in  two,  gangrene  had  saper* 
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reoed. — One  of  the  most  important  points  to  BsccrtAin  in  an  investigation  of  this 
kind,  is  the  Jirst  departure  from  a  healthy  etate;  to  decide  whether  the  effusion 
of  frothy  reddish  serum,  by  interfcnng  with  the  usual  change  in  the  lungs^ 
evuues  the  oongeated  state  of  the  pultnonarj  veBsetfi,  and  the  laboured  reRpira- 
tion ;  or  whether  the  effusion  is  the  tifn-t  of  a  previouBij-congestcd  state  of  the 
blood-Tessclfi.  Tiie  former  is  the  opinion  of  roanj  physiologists,  who  have  re- 
presented the  effusion  of  serum  aa  a  process  of  morbid  sccretioo,  directly  result- 
ing from  the  disorder  of  that  function  produced  by  the  section  of  the  nerve  j  the 
latter  appears  the  unavoidable  inference  from  the  carefully-noted  results  of  Dr. 
Beld's  experiments.  In  several  of  these,  only  a  very  small  quantity  of  frothy 
serum  was  found  in  the  air-tubes,  even  when  the  lungs  were  found  loaded  with 
blood,  and  when  the  respiration  before  death  was  very  laboured.  This  natumlly 
leads  us  to  doubt,  whether  the  frothy  serum  is  the  caune  of  the  laboured  respira- 
tion, aud  of  the  congested  state  of  the  pulmonary  vessels,  in  those  cases  where  it 
is  present ;  thoagh  there  can  be  no  doubt  that,  when  once  it  is  effused,  it  must 
powerfully  tend  to  increase  the  difficulty  of  respiration,  and  still  farther  to  im- 
pede the  circulation  through  the  lungs.  Dr.  K.  has  satisfied  himself  of  an  im- 
portant point  which  has  been  overlooked  by  others,  namely,  that  this  frothy  Quid 
is  not  muctis,  though  occasionally  mixed  with  it,  but  that  it  is  tbe  frothy  serum 
so  frequently  found  in  cases  where  the  circulation  through  the  lungs  has  been 
impeded  before  death.  From  this  and  other  facts,  Dr.  B.  concludes  "that  the 
congestion  of  the  blood-vessels  is  the  first  departure  from  the  healthy  state  of  the 
lung,  and  that  the  effusion  of  frothy  serum  is  a  subsequent  effect." 

308.  The  next  point,  therefore,  to  be  inquired-into,  is  the  cause  of  this  con- 
gestion ;  and  this  is  most  satisfactorily  explained,  in  accordance  with  the  general 
laws  of  the  Circulation  (§  275),  by  remembering  that  section  of  the  Piieumogas- 
trics  greatly  diminishes  the  frequency  of  the  respiratory  movements,  and  that  the 
qu&otity  of  air  introduced  into  the  lungs  is,  therefore,  very  insufficient  for  the 
due  aeration  of  the  blood.  There  is  now  abundant  evidence,  in  regard  to  the 
Ihilmonary  circulation  in  particular,  that  to  prevent  the  admission  of  oxygen  into 
tbe  lungs,  either  by  causing  the  animal  to  breathe  pure  nitrogen  or  hydrogen^  or 
bj  occlusion  of  the  air-passages,  is  to  bring  the  circulation  through  their  capil- 
laries to  a  speedy  check  (§  327).  Hence  we  should  at  once  be  ted  to  infer,  that 
diminution  in  the  number  of  Respiratory  movements  would  produce  the  same 
effect;  and  as  little  or  no  difference  in  their  frerfuency  is  produced  by  section  of 
oue  Vagus  only,  the  usual  absence  of  morbid  changes  in  the  lungs  supplied  by 
it  is  fiilly  explained.  The  congestion  of  the  vessels  induced  byiusufficicnt  aera- 
tion, satisfactorily  accounts  not  only  for  the  effusion  of  serum,  but  also  for  the 
tendency  to  pass  into  the  inflammatory  condition,  sometimes  presented  by  the 
lungs,  as  by  other  organs  similarly  affected.  Dr.  Reid  confirms  this  view,  by  the 
particulars  of  cases  of  disease  in  the  human  subject,  in  which  the  lungs  presented 
after  death  a  condition  similar  to  that  observed  in  the  lower  animals  after  section 
of  the  Vagi ;  and  in  these  individuals,  the  respiratory  movements  had  been 
much  less  frequent  than  natural  during  the  latter  part  of  Hfe,  owing  to  a  torpid 
condition  of  the  nervous  ccntrra.  The  opinion  (held  especially  by  Dr.  Wilson 
Philip)  that  section  of  the  Par  Vagum  produces  the  seroois  effusion,  by  its  direct 
influence  on  the  fiinctioQ  of  Secretion,  is  further  in  validated  by  the  fact  stated 
by  Dr.  Reid,  that  he  always  found  the  bronchial  membrane  covered  with  its  triie 
mucus,  except  when  inflammation  was  present.  —  "The  experimental  history  of 
the  Par  Vagum,"  it  is  justly  remarked  by  Dr.  Reid,  "^  furnishes  an  excellent  il 
lostration  of  the  numerous  difficulties  with  which  the  physiologist  has  to  contend, 
from  tbe  impossibility  of  insulating  any  individual  organ  from  its  mutual  actions 
and  reactions,  when  he  wishes  to  examiue  the  order  and  dependence  of  its  phe- 
nomeQa."  In  such  investigations,  no  useful  inference  cau  be  drawn  from  one  or 
two  experiments  only;  in  order  to  avoid  all  sources  of  fallacy,  a  targe  number 
must  be  made ;  tbe  points  in  which  all  agree,  must  be  separated  from  others  in 
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which  there  is  a  variation  of  results ;  and  it  must  be  then  inquired,  to  irhat  Ute 
latter  is  due.' 

2.   Effvcit  of  Jiespiralion  on  the  Air. 

809.  The  total  amount  of  air  which  can  he  drawn  into  the  Lungs  hy  tbe 
deepest  possible  inspiratory  movement,  by  no  means  affords  a  measure  of  ibe 
quantity  wbicb  they  ordinarily  contain.  It  is  in  fact  composed,  as  was  fiirt 
pointed-out  by  Mr.  Julius  Jeffreys,"  of  several  different  quantities,  which  maybe 
disttofjuished  as  follows  : — 

1.  Residual  Air  ',  that  which  cannot  be  dipplaccd  by  the  most  powerful  eipi- 
ration,  which  always  retuuina  in  the  thorax  so  long  as  the  lungs  retain  their  nata- 
ral  structure,  and  over  which,  therefore,  we  have  no  control. 

2.  Supplemental  Air ;  that  portion  which  remains  in  the  chest  after  the  or 
nary  gentle  expiration,  but  which  may  be  displaced  at  will. 

3.  Breathing  or  Tidai  Air ;  that  volume  which  is  displaced  by  the  constant 
gentle  inspiration  and  expiration. 

4.  (hmplemental  Air;  the  quantity  which  can  be  inhaled  by  the  deep 
posBiblo  inspiration,  over  and  above  that  which  is  introduced  in  ordiE 
breathing. 

The  amount  which  can  be  expelled  by  the  most  forcible  expiration  after  the 
fullest  inspiration,  and  which  is  conf?equently  the  sum  of  the  2Dd,  Srti,  and  4th 
of  these  quantities,  is  deaijrnated  by  Dr.  Hutchinson*  as  the  Vifai  Capatity^ 
being  that  volume  of  air  which  can  be  displaced  by  living  movement*.  Tlut 
<  vital  capacity '  is  less  dependent  than  might  have  been  supposed,  npon  the  ahso- 
lute  dimeTisioni  of  the  thoracic  cavity,  being  yet  more  influenced  by  its  mobility. 
Thus  of  two  seta  of  men  of  the  same  height,  one  measuring  31)  inches  round  the 
chest,  and  the  other  38  inches,  tbe  average  vital  capacity  of  the  first  was  found 
to  be  235  inches,  and  that  of  the  second  only  2:26  inches ;  for  notwithstanding 
the  greater  absolute  capacity  indicated  by  the  larger  circumference  of  the  latter, 
the  inferior  mobility  of  the  chest  caused  more  'residual  air'  to  remain  behind 
after  the  deepest  expiration.  By  taking  the  average  of  nearly  5000  observation 
Dr.  Hutchinson  has  arrived  at  the  very  remarkable  conclusion  (Op.  cit.,  p.  107S 
that  of  all  the  elements  whose  variation  might  be  supposed  to  affect  the  '  vil 
capacity,'  Height  atone  seems  to  have  any  constant  relation  to  it  ]  and  that 
relation  is  capable  of  being  expressed  in  a  simple  numerical  form.  The  folk 
ing  table  represents  the  '  vital  capacity'  regarded  by  Dr.  H.  as  necessary  to  bea 
at  the  middle  period  of  life,  in  the  Male  sex,  for  each  inch  of  height  betw« 
five  and  six  feet : — 


HH^ht. 

VtW  Cup^clty. 

6  ft. 

0 
1 

2 
8 
4 
6 

LD.   to  5  ft 

«*      5  " 

U           5    M 

"      6  •• 

1  in„ 

.,., ,...„    174  ouhin  in 

fi  " 

2" 
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t* 

6  " 

8  " 

190 

■  I 

6  " 

4  •« 
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t< 

6  " 

6  «• 

..,....,  206 

t< 

6  " 

6"- „ 

214 

ti 

6  " 

6 
7 

6 
6 

7  «• 

222 

«i 

6  » 

8  '♦  „ 

230 

i( 

6  " 

8 

6 

B  " „.....„ 

288 

4< 

6  " 

9 

6 

10  " 

246 

(t 

6  •« 

JO 

& 

11  "  „ 

264 

(( 

6  " 

11 

6 

0«« 

262 

(t 

'  On  the  importBiit  snhjecl  of  the  Mechaniim  of  Eeepiratioo,  tbe  foHowing  Memoirs  tD%j 
be  conialted  in  addition  to  those  alrendj  refeired-to t— Dr.  J.  Rfid'sArt.  'Respiration'  in 
"  Cyclop,  of  AnaL  aod  Physiol.,"  toI.  it.  ;  Dr.  Hutchinson  in  *'  Med.-Chir.  Trans  ,"  toI. 
xrix;  Dr.  Sib»oa  in  "PhiL  Trana.,"  1846,  "Med.  Oai,"  toI.  xli.,  "Med.-Chir.  Trans.." 
▼ol.  xixi,,  and  "  TraDa.  of  Prov.  Med.  Amoc.,"  l&dO;  Beau  and  Maiasiat  in  "  Archir. 
Q6n.,"  1842:  MendelRSoba  "  Der  Mech&Dismus  der  Respiration  und  Ciroulation."  Berlin, 
1848;  and  Vierordt,  Art.  *  Respiration '  in  •'  Wagner's  Handworterbuch  der  Phjaiologie," 
tiand.  ii. 

*  "Statics  of  tbe  Human  Cbest,"  1843. 

*  "Cyclop,  of  Anat  and  Physiol.,"  toL  iv.,  Art.  'Thorax.' 
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This  TeUtion  may  be  briefly  expressed  by  the  role,  that /or  evfiy  inch  0/ stature, 
from,  fict  to  *ijr  /iff,  eight  additional  cubic  inches  of  air  (at  60**  Fahr.)  are 
ffiven-out  hy  a  forced  expiration  after  a  full  ingpiration.  — There  ia  also  a  rela- 
tion between  'vital  capacity'  and  Wciyht ;  but  of  a  different  kind  from  that 
wbicb  might  have  been  antieipated.  So  far  as  the  increase  in  weight  in  simply 
proportional  to  the  increase  in  height,  the  relation  is  of  course  the  same  for  the 
one  as  for  the  other,  fiat  if  the  excess  of  weight  should  depend  upon  corpu- 
lence, the  vital  capacity  decream  in  a  very  marked  manner,  being  always  very 
low  in  corpulent  men.  The  general  result  of  Dr.  Hutchinson's  observations  on 
this  point,  is  expressed  by  him  as  follows  :  When  the  man  exceeds  the  average 
weight  (at  each  height)  by  7  per  cent.,  the  intal  capacity  decreate$  1  cttb.  in.  per 
lb.  for  the  next  35  Ihi.  above  thi»  weight. — The  influence  of  Age  upon  the  '  vital 
capacity '  is  less  marked  than  might  have  been  anticipated.  The  general  fact 
seems  to  be,  that  the  '  vital  capacity'  undergoes  a  slight  increase  between  15  and 
85  yeU8,  and  then  gradually  decreases,  the  decline  being  more  rapiid  than  the 
»ogm«DtatioD,  so  that  by  the  age  of  66  it  has  diminished  to  about  4-5ths  of  the 
maximum.  —  There  does  not  seem  to  be  as  close  a  relation  between  the  'vital 
capacity'  and  Mmcular  Vigour,  as  might  d  priori  have  been  expected,  and  as  an 
attempt  has  been  mode  to  establish.'  Cases  ore  not  unfrequcut,  in  which  men 
of  Bthletie  constitution  have  an  absolute  deficiency,  whilst  others  by  no  means 
remarkable  for  physical  power  present  a  large  excess.'  In  fact,  as  Dr.  C.  K. 
Hall  has  justly  remarked,  this  measure  indicates,  not  what  a  person  doe»  breathe, 
but  what  he  can  breathe. — The  maximnm  'vital  capacity'  met-with  by  Dr.  Hut- 
chinson in  bis  entire  series  of  obsenrations,  was  464  cub.  in. ;  this  was  in  a  man 
7  feet  high,  whose  weight  was  308  lbs.  The  minimum  was  not  more  than  40 
cab.  in. ;  this  was  in  a  dwarf  (Don  Francisco),  whose  height  was  only  29  inches, 
and  weight  40  lbs. 

SIC.  But  however  conptant  the  above  averages  moy  prove  to  be,  when  tested 
by  a  still  larger  number  of  observations,  it  yet  remains  to  be  determined  within 
what  limits  individual  variation  may  range,  without  departure  from  the  standard 
of  health.  It  is  considered  by  Dr.  Hutchinson  (Op.  cit.,  p.  1079)  that  a  de- 
fittMMty  of  16  per  cent  (unless  the  individual  should  be  very  corpalent)  should 
esoite  aospicion  of  discane;  but  the  observations  of  Dr.  C.  K.  Hall  (loc.  cit.) 
teem  to  show  that  the  range  is  considerably  wider,  especially  in  females.  They 
also  indicate  that  even  a  marked  deficiency  in  vital  capacity  must  not  be  regarded 
as  indicative  of  pulmonary  disease ;  for  it  may  be  dependent  upon  disorder  of 
the  abdominal  viscera,  especially  upon  congested  liver. 

311.  In  estimating,  however,  the  effects  of  the  Kespiraiory  function  upon  the 
Air  which  passes  through  the  lungs,  we  are  not  so  much  concerned  with  the 
quantity  which  may  be  drawn-in  and  forced-out,  as  with  that  actually  exchanged 
at  each  movement.  There  are  many  difficulties  in  arriving  at  any  exact  conclu- 
Hon  upon  this  point ;  and  hence  it  happens  that  the  estimates  of  those  who  have 
inquired  into  it  are  singularly  discrepant.  The  following  are  the  amounta 
■mgDed  by  some  of  the  most  recent  experimenters : 

Herbst* „.... 20 — 80  euMo  inches. 

Valentin*....- „ 14—92 

Vierordt' „ „„ 10—42  " 

CoaUiupe' „ 16  " 

„  .  . .         ,    S  average 16— SO  ♦• 

Hatchmson'    j  „t„*„ 7^77 

'  8«e  Dr.  Jacknon  in  "  Thiladelphia  Medical  Examiner,"  1651,  p.  51. 

*  See  Dr.  C.  Radoljrffe  Hall  in  "  Trans,  of  Pror.  Med.  and  Surg.  Assoc,"  1861. 

*  *•  Meckers  ArchiT.,"  1828.  *  "  Lebrbuch  der  Phjaiologie,"  band  L  p.  688. 
'  "  'Wagner's  naadworterbucb,"  band  jl.  p.  836. 

*  •«  Pfailoaophical  Magasine,"  1839,  vol.  xiv.  p.  401. 
«  «<  Cyclop,  of  Aoat.  and  Phya.,"  toL  It.  p.  1067. 


300 


OF    RESPIRATION. 


If  we  talce  CO  cubic  inches  as  the  average  quantity  exchanged  at  each  respin- 
tioD,  we  cannot  but  obaerre  how  stnall  ■  proportion  it  bears  to  the  entire  amoooi 
which  the  lungs  usually  contain ;  for  the  '  residual  air/  which  cannot  be  ex- 
pelled, is  estiniated  by  Dr.  Hutchinson  at  from  75  to  100  cubic  inches,  sod  the 
<  supplemental  air/  which  can  only  be  expelled  by  a  forced  expiration,  is  about u 
much  more;  the  sum  of  the  two  being  from  150  to  200  cub.  in.,  or  Iroin  7)  to 
10  times  the  '  breathing  volume.'  Now  it  is  obvious  that  if  no  provision  eii5t<?d, 
for  mingling  the  air  inspired  with  the  air  already  occupying  the  lung?,  the  fomter 
would  penetrate  no  further  thsn  the  larger  air-passages ;  and  as  this  would  be 
again  thrown-out  at  the  next  expiration,  the  bulk  of  the  air  contained  in  the 
lungs  would  remain  altogether  without  renewal,  and  the  expired  air  would  not 
be  found  to  have  undergone  any  change.'  That  a  change  is  effected,  however,  is 
the  whole  volume  of  the  air  contained  in  the  lungs,  with  every  inspiration,  ii 
indicated  by  the  difference  between  the  inspired  and  expired  air;  and  this  change 
must  be  attributed  to  the  *  mutual  diffusion  '  of  gases,  these  tending  to  interpene- 
trate one  another,  when  either  of  different  densities  or  of  different  temperatures, 
according  to  the  law  discovered  by  Prof  Graham  (§  314). 

[Prof,  Draper,  of  New  York,  hag  recently  performed  some  experiments  to 
detennine  whether  gaseous  diffusion  takes  place  with  sufficient  velocity  to  meet 
the  conditions  of  the  function  of  respiration.  It  has  usually  been  taken  for 
granted,  that  diffusion  takes  place  with  great  rapidity,  and  it  has  even  been  sup- 
posed that  "  a  small  quantity  of  carbonic  acid  would  diffuse  itself  through  a  large 
volume  of  atmof^pberic  air  with  the  same  rapidity  that  it  would  dilate  into  & 
vacuum  of  the  same  dimensions,"  this  ho  has  shown  to  be  altogether  a  misconcep- 
tion. The  experiaients  alluded  to,  go  to  show  "that  the  diffusion  of  carbonic 
acid  into  air  even  when  there  is  no  obstruction,  and  the  distance  to  be  traversed 
only  a  few  inches,  occupies  quite  a  considerable  period  of  time — a  period  which, 
of  course,  is  increased,  if  there  be  any  obatructiun  or  resistance  in  the  way,  and 
which  must,  therefore,  be  very  greatly  prolonged  when  the  diffusion  has  to  be 
made  through  slender,  long,  and  winding  passages." 

In  order  to  explain  completely  the  introduction  of  atmospheric  air  and  the 
changes  in  the  contents  of  the  air-ve8iclcs,  Prof.  Draper  rails  attention  to  the 
well-known  agency  of  the  organic  muscular  fibres  of  the  bronchial  tubes,  which 
are  believed  to  possess  the  power  of  varying  the  capacity  of  the  tube.  With 
this  agency  he  explains  the  respiratory  act  as  follows :  The  carbonic  acid,  vapour 
of  water,  and  excess  of  nitrogen,  if  any,  which  have  accumulated  in  the  pul- 
monary vesicles  belonging  to  any  given  bronchial  tree,  are  expelled  therefrom  by 
the  muscular  contraction  of  the  circular  organic  fibres,  and  are  delivered  into  the 
larger  bronchial  tubes,  in  which  diffusion  at  once  takes  place  with  the  air  jiist 
introduced.  As  soon  as  the  expulsion  is  perfect,  relaxation  of  the  muscular 
fibres  occurs,  and  the  passages  and  celts  dilating  both  through  their  own  elasticity 
and  the  exhaustive  effect  arising  from  the  simultaneous  contraction  of  other  bron 
cbial  trees,  fresh  air  is  drawn  into  tbcm;  the  alternate  expulsion  aod  itiUodi 
tion  being  acoomplished  by  muscular  contraction  and  elasticity. 

Dr.  Draper  supposes  that  different  bronchial  trees  submit  to  this  action  at 
oesaive  periods  of  time,  some  being  contracting  whilst  others  are  dilating. 

In  thus  presenting  the  organic  muscular  fibres  as  the  chief  agent  for  the  intro- 
duction of  air  to  the  blood,  we  raise  them  from  the  doubtful  position  they  have 
hitherto  occupied  in  the  estimation  of  physiological  writers.  "It  is  not  known 
under  what  circumstances  the  contractile  power  which  the  bronchial  tubes  and, 
perhaps,  the  air-cells  possess,  by  means  of  their  organic  muscular  fibres,  is 
brought  into  action.  It  is  possible  it  may  assist  in  expiration,  but  there  is  no 
evidence  of  its  doing  so."'     From  the  foregoing  experiments,  it  appears  that 

'  See  Mr.  Jcffreya'a  "Statics  oi  the  Ilumao  Cheat,"  in  \fhich  this  important  point  fiivt 
received  due  conEider&tioa. 

*  Eirkes  ntid  I*iiget*B  PhjHiol.  Am.  Kd.,  p.  131.  [It  taajbe  explained,  as  in  the  ease  of 
the  heart,  by  the  influence  excited  by  Carbonioacid  upon  muscular  fibre,  j  248,  note. — Eo.] 
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the  fuDctioo  of  respiration  cannot  be  explained  without  appealing  to  their 
agency. 

The  mascniar  action  bere  contemplated  produces  a  novcnent  affecting  tbe 
expuUioa  of  foul  air,  aDalogocs  to  the  inotion  of  food  along  the  cpsophagtis,  or 
of  digested  material  along  the  intestines.  In  a11  t)iose  cases,  the  mechanical  upc- 
ration  is  tbe  same.  It  ia  interesting  to  remark  that  in  all  instances  the  lungs  are 
developed  from  some  portion  of  the  nlimentory  cflnal.  In  man,  they  appear  as 
diverticula  from  tbe  a*sop11iDgu8,  ami,  in  much  loirer  animals,  from  other  parts  of 
that  canal.  Thus,  "  in  tbe  Holotburiacia,  a  menibranDus  fac  commencing  near 
tbe  cloaca  and  extending  to  tbe  moutb.  which,  in  tbe  higher  forms,  is  double, 
ramifieii  into  respiratory  tree?,  from  which  (be  eipulston  of  tbe  water  which  has 
been  breathed  ia  eifected  by  the  contraction  of  the  circular  mnscolar  fibre?  periodi- 
cally. In  the  Bryo«oa,  the  pharynx  is  dilated  with  tbe  water,  which,  after  aera- 
tion has  taken  place,  is  expelltd.  In  tbe  TviinVntn,  the  pharynx,  under  tbe 
designation  of  tbe  bronchial  sac,  becomes  tbe  special  respiratory  organ.  In  the 
Ascidians,  tbe  bronchial  sac  is  emptied  by  the  eudden  contraction  of  its  mu8cnlar 
walls.  In  tbe  Salpians,  the  respiratory  current  is  maintained  by  rhythmical  con- 
tractions and  relaxations  of  the  muscular  sjic.  In  the  Cephalopodous  Moltusks, 
the  current  is  sustained  entirely  by  tbe  musculpr  movements  of  tbe  reepsratory 
cavity." ' 

Concurring  with  muscular  action  ia  another  force  already  recognized  by  many 
pbyaiologists  as  taking  part  in  the  result.  This  is  the  motion  of  the  vibratile 
cilia,  which  are  found  on  tbe  mucous  lining  of  the  bronchial  tubes.  In  Ae 
lower  orders,  ciliary  action  ia  usually  resorted  to  for  ensuring  a  presentation  of 
fresh  portions  of  fluid  to  tbe  respiratory  surface. 

Tbe  air  introduced  by  atmospheric  pressure,  brought  into  play  by  tbe  action 
of  the  diaphragm  and  other  refipiratory  muscles,  filJ?!,  in  ordinary  respiration,  tbe 
nasal  passages,  trachea,  and  larger  ramiScatious  of  tbe  bronchial  tubes.  Between 
it  and  tbe  gas  coming  from  the  pulmonary  vesicles,  diffuf^ion  steadily  takes  place, 
tending  to  remove  the  cell-gna  into  tbe  atmosphere ;  but  this  gas  ia  not  brought 
from  the  vesicles  by  dilTuRton,  which  could  not  act  with  sufficient  speed,  but  by 
tbe  contraction  of  the  circular  organic  muscles  of  the  bronchial  tubelets  and  of 
the  ccUb,  the  different  bronchial  trees  not  acting  Bimultaneouely,  but  euccepsively. 
As  soon  as  tbe  contraction  is  over,  the  tubes  expand  by  their  elasticity,  and  air 
is  drawn  into  tbe  cells.  It  is  probable  that,  in  producing  these  results,  the  vibra- 
tile  cilia  concpirc,  and  the  effect  is  aided  by  the  contemporaneous  contrnctioD  of 
other  bronchial  trees,  and  tbe  whole  process  ends  with  the  expulsion  of  tbe  foul 
air,  which  has  accumulated  in  tbe  larger  bronchi  and  trachea  by  the  diminution 
which  ensues  in  tbe  general  capacity  of  the  cheat  during  expiration,  In  respi- 
ration, the  lungs  are  not,  therefore,  passive,  as  is  commonly  said.'' — Ed] 

312.  The  (otal  amcnmt  of  Air  which  passes  through  the  Lungs  in  twenty-four 
hours,  will  of  course  vary  with  the  extent  and  frequency  of  tbe  respiratory  move- 
ments; and  these  are  liable  to  be  affected  by  many  circumstances,  but  particu- 
larly by  the  relative  degrees  of  repose  and  of  exertion.  Moreover,  as  any  such 
computation  must  be  based  upon  the  datum  of  the  ordinary  volume  of  breathing 
or  *  tidal  *  air,  it  is  obvious  that  the  estimates  of  different  observers  most  vary 
with  the  amount  they  adopt.  Thus  Mr.  Coathupe's  estimate  of  tbe  diurnal  total 
is  460,800  cub.  in.,  or  3G6i^  cubic  feet;  that  of  Vierordt,  from  his  observations 
on  his  own  person  in  a  state  of  rest,  is  530,026  cub.  in.,  or  S0G3  cub.  feet,  but 
this,  when  corrected  (by  Scbarllng's  experiments)  for  a  moderate  amount  of  exer- 
tion, would  be  raised  to  624,087  cub.  in.,  or  361  cub.  feet ;  and  that  of  Valentin 
is  as  high  as  688,348  cub.  in,,  or  398 J  cub.  feet.  —  It  ia  of  great  practical  im- 
portance to  determine  the  quantity  of  air  which  ought  to  be  allowed  for  consump- 
tion by  individuals  ooofiued  in  prisons,  workhouses,  echoolsj  &c.;  and  for  this, 

*  CWrpeot«r,  Genera!  and  Com  p.  Physiol.,  1854,  Am.  Ed. 

*  Tbe  r<»der  ia  referred  to  the  entire  paper  of  Dr.  Draper,  in  Amer.  Jou.  Med.  Seieneeflt 
for  AprU,  1862. 
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experience  seems  to  have  fixed  800  cubic  feet  as  the  mintmum  tbat  can  be  safelj 
assigned,  except  where  eifraordinary  provisions  are  in  operation  for  its  conetani 
rtnewal  by  vcntiktion.  Tbe  evil  consequences  of  an  insufficient  supply  of  air^ 
will  be  noticed  hereafter  (Sect.  3). 

313.  Tbe  alteratlom  in  this  Air  wbich  are  effected  by  Respiration,  mainl]r<j 
consist  in  the  removal  of  a  portion  of  its  oxt/[/en,  and  tbe  substitotion  of  a  quai 
tity  of  carbonic  acid,  usually  rather  less  in  bulk  than  the  oxygen  which  h« 
disappeared.     The  proportion  of  the  air  thus  changed,  appears  to  vary  accordin| 
to  the  frequency  of  ibc  respirations.     Thus  Vierordt '  found  tbat,  if  he  onlj 
respired  six  times  in  a  minute,  the  quantify  of  Carbonic  acid  was  5'5  per  cent;] 
of  tbe  whole  air  exhaled;  with  tivelve  respirations,  it  was  4'2  j  with  ttpenfy/rmrf, 
it  was  3  3  ;  mt]i/orti/-eiffht,  it  was  30 ;  and  with  vhiffy-siXf  it  was  2*6  per  centj 
In  some  of  tbe  experiments  of  Mcstsrs.  Allen  and  Pepys,  it  was  as  much  as  8kj 
per  cent.     Probably  about  4  35  per  cent,  may  be  taken  as  tbe  average,  at  tt 
ordinary  rate  of  respiration.  —  It  appears,  however,  from  the  researches  of 
last-named  experimenters,  tbat,  if  tbe  air  be  already  charged  in  some  degree  wit 
Carbonic  acid,  the  quantity  exhaled  is  much  Icpb;  for,  when  300  cubic  inches 
air  were  respired  for  three  minutrsy  only  2SJ  cubic  inches  (9^  per  cent.)  of  cal*] 
bonio  acid  were  found  in  it;  although  the  previous  rate  of  ita  production,  when 
fresh  air  was  taken-in  at  every  respiration,  was  32  cubic  inches  in   a  minut«e| 
Knowing,  then,  the  necessity  of  a  free  excretion  of  carbonic  acid,  we  are  led  bjj 
this  fiict  to  perceive  the  high  importance  of  ventilation ;  for  it  is  not  sufficient  | 
f#  health,  tbat  a  room  should  contain  the  quantity  of  air  requisite  for  the  snp* 
port  of  its  inhalations  during  a  given  time;  since  after  they  have  remained  in  it 
but  a  part  of  that  lime,  the  quantity  of  carbonic  atnd  which  its  atmosphere  will 
contain,  will  be  large  enough  to  interfere  greatly  with  tbe  due  aeration  of  their  i 
blood,  and  will  thus  cause  oppression  of  the  brain,  and  tbe  other  morbid  sffco* 
tions  that  result  from  the  accumulation  of  carbonic  acid  in  tbe  circulating  fluids  [ 
— It  appears  from  the  experiments  of  Dr,  8onw,  that  the  presence  of  Carboniel 
acid  in  tbe  atmosphere  acts  more  deleteriously  upon  the  system,  in  proportion  at  I 
tbe  normal  qu:intity  of  Oxygen   has  been  reduced,     lie  found  that  birds  and^ 
tnammalia,  introduced  into  an  atmosphere  containing  only  from  10j[  to  16  pet^ 
cent,  of  oxygen,  soon  died,  although  means  were  taken  to  remove  the  carbonitt< 
acid  set-free  by  their  respiration,  as  fast  as  it  was  formed;  whilst,  on  tbe  other 
hand,  an  increase  in  tbe  proportion  of  carbonic  acid  to  12  or  even  20  per  cent.— 
the  per-centage  of  oxygen  being  kept  to  its  regular  standard  of  21  per  cent. — »[ 
did  not  appear  to  enfeeble  tbe  vital  actions  more  rapidly,  than  did  the  reduction 
of  the  oxygen  in  the  experiments  just  referred-to.     Dr.  Snow  concludes,  from 
bis  experiments  on  the  luwer  animals,  that  5  or  6  per  cent,  of  ojirbonic  acid  can* 
not  exist  in  an  atmosphere  respired  by  Man,  without  danger  to  life;  and  that  lesf-l 
than  half  this  amount  will  soon  be  fatal,  when  it  is  formed  at  the  expense  of  tbe : 
oxygen  of  the  air.* 

314.  The  reaction  which  thus  takes  place  between  the  Air  and  tbe  Blood,  i$^ 
partly  explicable  upon  physical  principles.  It  has  been  shown  by  Prof.  Graham, 
that  when  two  gases,  of  different  specific  gravities,  but  not  disposed  to  unite- 
cheraically,  are  separated  by  a  porous  septum,  each  will  tend  to  diffuse  itself 
through  the  other ;  the  amount  of  each  that  will  traverse  tbe  septum  (or  ite ' 
'diffusion  volume'),  being  to  that  of  the  other,  inversely  as  the  square-roots  of 
their  respective  specific  gravities.  According  to  this  law,  the  volume  of  Oxygen* 
that  is  taken-in,  should  exceed  that  of  the  Carbonic  acid  which  passes-out,  in  tbtf 
proportion  of  1174  to  1000 ;  and  it  has  been  attempted  by  Valentin  and  Brunner' 
to  show,  that,  if  a  reasonable  allowance  be  made  for  accidental  causes  of  disturb* 
ance,  this  is  the  actual  ^jroportion  between  the  Oxygen  absorbed  and  the  carbonio' 
acid  given-out,  as  indicated  by  experiment.     Such,  however,  cannot  be  the  case, 

*  "  Fhy Biologic  dea  Athmeos,"  pp.  102-149. 

*  ''Ediob.  Med.  Aad  Surg.  Journal,"  1846. 
■  Valcatio'i  "  Lebrbucb  der  Fbyaiologie,"  bftod  i.  pp.  fiOT-SSO. 
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UDce  the  departures  are  too  wide  to  be  accoanted-for  oa  this  hypothesis;  and  it 
is  easy  to  see  that  other  oonditions  must  have  an  itnportant  infiuencc  in  modify- 
ing the  action.  For,  in  the  first  place,  the  membninoua  septum  is  not  freely 
exposed  to  gases  on  both  sides ;  but,  wbilat  one  surface  is  in  contact  with  the 
atmosphere,  the  other  is  in  contact  with  a  liquid  containing  ga^es,  these  being 
either  in  solution,  or  in  a  state  of  loose  chemical  combination.  With  regard  to 
that  part  of  the  gases  of  the  blood,  which  is  sintply  absorbed  mechanicatiy,  it 
seems  probable  that  the  law  of  Henry  and  Dalton  holds  good;  viz.,  that  the 
Tolome  of  gas  absorbed  by  a  liquid  depends  entirely  upon  the  pressure  under 
which  the  gas  above  it  remains,  after  the  absorption  has  been  completed ;  and 
that,  in  the  case  of  mixed  gases,  this  proportion  is  delcnnincd  by  tbe  tension  of 
each  individual  gas.  The  rjuantity  of  carbonic  acid  passing  from  the  Mood  to 
the  air-cells  would  therefore  depend,  on  the  one  band,  upon  the  excess  of  this 
pu  condensed  in  the  blood ;  and,  on  the  other^  upon  the  tension  of  the  carbonic 
acid  gas  already  contained  in  the  atmosphere  of  the  air-cells.  Conversely,  the 
blood  when  it  enters  the  lungs  not  being  saturated  with  oxygen,  is  able  to  absorb 
a  larger  quantity  under  the  pressure  which  it  there  experiences,  the  tension  of 
the  oxygen  contained  in  the  air-celln  being  coDsidtrable. — In  so  far  as  this  law  is 
in  operation,  then,  the  passage  of  each  gas  is  independent  of  thnt  of  the  other; 
but  it  does  not  apply  to  the  gases  that  are  in  any  kind  of  chemical  combination 
with  the  constituents  of  the  blood  ;  and  further,  it  seems  likely  that  any  physical 
forces  of  the  kind  adverted-to  must  be  modified  in  their  action  by  the  difference 
of  permeability  which  animal  membranes  possess  for  different  gases. 

315.  Tbe  recent  experiments  of  MM.  Kegnaulc  and  Reinet'  appear  to  have 
famished  the  solution  of  the  wide  differences  in  tho  estimates  which  various 
experimenters  have  given,  as  to  the  relative  amount  of  Oxygen  absorbed  and  of 
Carbonic  acid  exhaled  j  by  showing  that  it  depends, — not,  as  Dulong  and  Despretz 
supposed,  upon  tbe  kind  of  animal  (the  proportion  of  oxygen  absorbed  being 
much  larger  in  Carnivora  than  in  Ilerbivora),  —  but  upon  tbe  nature  of  the 
aUnuni  on  which  the  animal  is  fed  at  the  time  of  tbe  experiment.  Animals  fed 
on  flesh  absorb  much  uiore  oxygen  in  propc^rtion,  than  those  fed  on  a  vegetable 
diet;  thus  in  a  dog  exclusively  nourished  on  flesh,  the  proportion  of  oxygen  ab- 
sorbed, to  100  parts  of  carbonic  acid  exhaled,  was  134-3,  or  much  above  that 
which  the  law  of  mutual  diffusion  would  indicate;  whilst  in  a  rabbit  fed  exclu- 
sively upon  vegetable  food,  the  pr<:>portion  of  oxygen  absorbed  was  only  109-34 
to  100  parts  of  carbonic  acid  exhaled,  or  l&tst  than  the  calculated  amount.  Tbe 
difference  between  the  relative  proportions  of  surplus  Oxygen,  in  the  same  animal, 
under  opposite  circumstances,  was  found  to  be  as  much  as  62  :  104.  It  is  not 
diffictilt  to  account  for  these  diversities,  when  we  bear  in  mind  the  different  com- 
position of  the  saccharine  carbo-hydrates,  of  oleaginous  substances,  and  of  bodies 
of  tlie  albuminous  type.  For  as,  in  *w</ar,  »torcA,  &c.,  the  hydrogen  is  already 
provided  with  its  equivalent  of  oxygen,  the  carbonic  acid  generated  by  their 
combustion  will  contain  the  whole  bulk  of  tbe  oxygen  consumed;  and  hence  (he 
small  per-ccniage  of  oxygen  which  disappears  in  the  respiration  of  herbivorous 
animals,  niu&t  be  appropriated  to  other  purposes  in  their  economy.  But  when 
the  material  consumed  is  /at,  the  oxygen  contained  in  tbe  carbonic  acid  that  is 
generated  will  be  only  71-32  per  cent,  of  the  whole  amount  that  di-^appears ;  tbo 
remaining  28'68  per  cent,  being  appropriated  by  tbe  surplus  hydrogen  (that, 
namely,  for  which  the  substance  contained  no  equivalent  of  oxygen)  to  form 
water.  And  in  like  manner,  when  the  material  consumed  is  mu»rular  svbttanc<^ 
only  83-60  per  cent,  of  the  oxygen  that  disappears  will  be  found  in  the  carbonic 
acid  generated;  the  remaining  16-40  forming  water  with  the  surplus  hydrogen.' 
The  disappearance  of  oxygen,  even  in  Herbivorous  animals,  is  thus  accounted-for 
by  tbe  circumstance,  that  part  of  the  materials  of  their  respiration  are  furnished 

'  "Annales  de  Cbimie  etde  Physique,"  1849. 

*  See  Prof.  Lehmann'B  ••  Lckrbuah  der  Phjruologiscben  Cheinie,*'  band  ui.  p.  814 
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by  the  disiategratioii  of  their  own  tipsues ;  with  regard  to  which,  therofore,  they 
arc  on  tUo  fooling  of  Carnivorous  animals.     And  this  view  is  bome-oot  by  the 
curious  fact  ascertained  by  MM.  Regnault  and  Roiset,  and  confirmed  by  other 
experimenters,  that  when  an  aiiimat  is  kept  fasting,  the  relation  between  the 
Oxygen  absorbed  and  the  Ourbonic  acid  exhaled  is  nearly  the  same  as  when  the 
animal  is  fed  on  flesh ;  the  reason  apparently  heing,  that  in  the  former  case  the 
anirnars  respiration  is  kept-up  at  the  expense  of  the  constituents  of  its  own  hody, , 
which  correspond  with  animal  food  in  their  composition. — There  can  be  no  doubt,^ 
then,  that,  on  the  whole,  a  considerable  surplus  of  oxygen  is  absorbed  into  the 
system  :  and  whilst  a  part  of  this  additional  oxygon  is  made  to  combine  with 
Hydrogen  furnished  by  the  food  or  by  the  disintegration  of  the  tissues,  the  water! 
thus  generated  formin*^  part  of  that  exhaled  from  the  lungs,  another  part  will  h»] 
applied  to  the  oxidation  of  the  Sulphur  and  Phosphorua,  which  are  token-in  ai 
such  in  the  food,  and  whtch,  after  forniino;  part  of  the  solid  tissues,  are  excreted 
in  the  condition  of  sulphuric  and  phosphoric  acids,  chiefly  through  the  kidneys,  i 
It  also  appears,  from  the  recent  experiments  of  Dr.  Bencc  Jones,'  that  the  acdoffi 
of  oxygen  Is  exerted  in  the  system  upon  Ammonia,  and  probably  upon  other  pro-] 
ducts  of  decomposition  of  the  nitrogenous  tissues,  in  such  a  manner  i\^  to  produce 
Nitrous  or  Nitric  acid,  which  makes  its  appoamnoc  in  the  urine. 

316.  The  absolute  quantity  of  Carbonic  Acid  exhaled  from  the  Lungs  is  liable 
to  variations  from  so  many  sources,  that  no  fixed  standard  can  be  assigned  for  it. 
The  mean  of  a  great  number  of  observations,  however,  made  in  different  modes, 
and  under  different  circumstances,  would  give  about  IGO  grains  of  Carbon  p^r  i 
hour  as  the  amount  set-free  by  a  well-grown  adult  man,  under  ordinary  circum- 
stances.  Taking  this  as  the  average  of  the  twenty-four  hours,  the  total  quantity 
of  Carbon  thus  daily  expired  from  the  Lungs  would  be  3840  grains,  or  8  oz.  Troy. 
The  chief  causes  of  variation  are,  —  the  Temperature  and  Hygrometric  state  of 
the  Burroundtng  Medium,  Age,  Sex,  Development  of  the  body,  Nature  and  Quan-  < 
tity  of  Food  and  state  of  the  Digestive  Process,  Muscular  Exertion  or  Repose, 
Steep  or  Watchfulness^  Period  of  the  Day,  and  state  of  Health  or  Disease.  These 
will  now  be  considered  in  detail :— • 

I.  Temperature  nf  turroandinff  Medium.  —  The  amount  of  Carbonic  Acid 
exhaled  by  warm-blooded  animals,  is  greatly  increased  by  external  Cofd,  and 
diminuhed  by  If/tat;  as  is  shown  by  the  following  results  of  comparative  experi- 
ments upon  the  quantity  set-free  by  the  same  aninmlsj  at  low,  medium,  and  high 
temperatures,  in  perioda  of  an  hour  (Letellier*) : — - 

reinp.  about  82°.  Temp.  bSP—W*.  Temp.  8<P— lOflP. 

Orammft.  Orammm^                         Orammtt. 

ACansTT 0  325  0-260                       0  129 

A  Turtle- DoTe  ., « 0974  0-684                      0-336 

Two  Mice 0681  0498                       0268 

AGuiaea-Pig  8-008  2  080                        1-463 

From  this  table  it  appears  that  the  quantity  of  carbonic  acid  exhaled  by  Mammals 
between  86"  and  106°,  is  less  than  Ar/Z/that  set-free  near  the  freeitng-point; 
whilst  that  which  is  exhaled  between  S^  and  68**  is  but  little  more  than  tvo- 
third*  of  the  same  amount.  The  diminution  occasioned  by  heat  is  still  more 
remarkable  in  Birds;  which  exhale  at  the  highest  temperature  scarcely  more  than 
one-third  of  that  set-free  at  the  lowest.  —  The  observations  of  Vierordt'  upon 
himself  show  that  the  same  is  true  of  the  Human  subject;  a  difference  of  10° 
Fahr.,  according  to  him,  producing  a  variation  of  rather  more  than  two  cubic 
inches  in  the  atuount  of  Carbonic  Acid  hourly  expired. 

II.  That  the  IlygrometHc  ttate  of  the  Air  influences  the  rate  of  eihaJation  of 
'  "  PhiloBophJcal  TransactionB,"  1861 ;   and  "Medical  Timci,"  Aug.  30,  1861. 
**'AQoale8  do  Chimio  et  de  Phyatqne,"  1846;  and,  M.  BoussmgaalfB  **  M^molrei  dt 

t'himie  Agricole  et  de  PhyBioIogip,"  1864. 
■  *•  Physiologie  des  Atbrneos,"  pp.  73-82. 
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Carbonic  Acid,  appears  from  sonn*  experiments  of  Lebmann's  made  witb  ibis 
express  view.  For  he  found  that  while  1000  grammes'  weight  of  Pigeons  yielded, 
in  dry  air,  6055  gramraep  of  corbonic  aeid  per  hour,  at  the  tempeniture  of  76**, 
and  4-69  gramincii  at  the  t-emperature  of  100*',  the  eame  animals,  in  moUt  air, 
yielded  6769  praromea  at  73°,  and  776  prammes  at  100°.  And  while  1000 
graiomes'  weight  of  Rabbits  exhaled,  in  dry  air,  0-451  gramme  per  hour,  at  a 
temperatare  of  100°,  they  exhaled  as  much  as  0  077  graoime  io  a  moial  atmo- 
spbere  at  the  same  temperature.' 

in.  Age. — The  aojoueit  of  Carbonic  Acid  exbaled  increases  in  both  sexes  np 
to  about  the  thirtieth  year;  it  remains  stationary  until  about  the  forty-fifth  ;  and 
it  then  diminishes.  The  following  are  the  comparative  results  of  experiments 
upon  males  of  different  ages,  and  of  a  moderate  degree  of  muscular  development 
(Aadral  and  Gavarret*); — 


^^  per  hour, 

8  jears....» 77-0  grains. 

12     "     118  9     " 

14     "     126-2     " 

20     "     166-3    " 

26     "     „ 1G9-4     " 


Jgt. 


per  htmr. 

37  years 1G4-7  grAins. 

48    "     161-7      " 

69    ••     164  0      *♦ 

68    "     147  8      " 

76     "     92  4      •• 


IV.  (S'x. — At  all  ages  beyond  eight  years,  the  exhalation  is  greater  in  Males 
than  in  Females.  Nearly  the  same  proportionate  increase  takes  place,  however, 
in  Females,  up  to  the  time  of  puberty;  wben  the  quantity  abruptly  ceases  to 
increase,  and  remains  stationary  so  long  as  they  continue  to  menstruate.  When, 
however,  menstruation  has  ceased,  the  exbaliition  of  carbonic  acid  begins  again 
to  augment;  and  then  again  diminishps,  with  the  advance  of  years,  ns  in  men. 
Should  menstruation  temporarily  cease  at  any  time,  the  exhalation  of  carbonic 
acid  immediately  undergoes  an  increase,  precisely  na  at  the  fatal  cessation  of  the 
function.  And  during  pregnancy,  the  exhalation  increases  in  like  manner.  The 
following  table  of  the  cninparntive  rcspsrution  of  Femnles  at  different  ages  will 
serve  at  the  same  time  for  comparison  with  the  preceding,  bo  as  to  exhibit  the 
general  difference  between  the  two  sexes,  at  ages  nearly  corresponding;  and  also 
to  indicate  the  pecniinr  inodiGcatiuns  induced  by  the  operations  of  the  genital 
system  (Andral  and  Gavarret): — 


Otrhan  eihalei 
per  horn; 


I 


During  Fregoancy. 

22  years 129-8  graini 

82     "     12(5  7      •• 

42    •♦    120  8      •< 


-  Chrbmt  rrhaled 

^  per  hour. 

10  years 92  4  grains. 

13     "     970      " 

Daring  Meiutrual  lif«. 

15J  years 97  0  gmins. 

26      "     97  0     " 

82      "     954    ♦' 

45      "     96-4     " 

After  Ceeaatioai  af  Catamenia. 

88  years  120-8  groins.  66  years 104-7  grains. 

49     "     11.1  9      *'  76     "     101-4      " 

62     *•      115-6      ••  82     «•     92-4      " 

66     "     119  8      " 

v.  Development  of  the  Body.  —  The  more  robust  the  individual,  ccften's  part' 
hu«,  the  more  carbonic  acid  is  exhaled ;  and  the  variation  is  much  more  in- 
fluenced by  the  development  of  the  muscular  system,  than  by  the  height  or 
weight,  capacity  of  the  chest,  &c.  Thus,  a  very  strong  man  of  twenty-six  years 
of  age  exhaled  at  the  rate  of  217*1  grains  per  hour,  while  a  man  of  modcrato 
mnscnlar  power  set-free  but  160 '4  grains  in  the  same  time.  Another  robust 
man  of  sixty  years  of  age  exhaled  at  the  rate  of  209-4  per  hour;  another  of 
almilar  constitution,  and  sixty-three  years  of  age,  at  the  rate  of  19Q-9  grains  per 

'  L«hmann,  Op.  eit,  b«nd  iii.,  p.  304. 
*  "  Annales  do  Chimie  et  de  Pbyaique,"  1843. 
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hour ;  and  an  old  mau  of  oiDctj-two  years,  wlio  still  preserved  ao  ancommon 
degree  of  energy,  and  who  in  Lis  yaungor  days  Lad  boasted  of  exiraordioary 
muscular  powers,  exhaled  at  the  rate  of  135-5  grains  per  hour.  So,  also,  a  re- 
markably vigorous  young  womau  of  iiitiL'teen  years,  exhaled  at  the  rule  of  1078 
grains  per  hour;  another  of  twenty-two  years,  rather  lets  powerful,  at  the  rate 
of  lOol  grains;  and  a  strong  wouiaa  of  forty-fuur  years  (who  had  ceased  to 
uu'Tiiilruate)  152-4  grains. — On  the  other  hand,  a  slender  man  of  forty-five  years, 
in  the  eujoynient  of  good  health,  only  exhaled  at  the  rate  of  132'4  grains  per 
hour  (Andral  and  Gavarret). 

VI.  Nature  and  Qmnitili/  of  the  Food,  and  State  of  the  Digntive  Procea.  — 
It  is  well  efitaLlishcd,  that  the  exhalation  of  carbonic  acid  is  greatly  increased  by 
eating,  and  that  it  is  diminished  by  fasting.  Thus  Prof.  Scharliog  states  the 
hourly  exhalation  to  have  increased  in  one  instance  from  145  to  190,  after  break- 
fast and  a  walk;  in  another  from  140  to  177,  after  breakfast  alone;  and  in  an- 
other from  lirO  to  lh8  9,  after  dinner.  The  observations  of  Vieronlt  are  to 
the  same  effect.  So,  again,  it  has  been  found  by  Bidder  and  Schmidt,  that  whilst 
a  Cat,  fed  on  an  allowance  of  meat  which  was  found  to  be  adctjuate  to  maintain 
itM  full  strength  and  ordinary  weight,  exhaled  65  GO  grammes  of  carbonic  acid 
per  diem,  the  eauve  auimHl,  consuming  nearly  double  that  amount  of  food,  exhaled 
nearly  double  the  amount  of  carbonic  aeid.  Similar  results  were  obtained  by 
MM.  Regnault  and  Keiset,  who  found  that  when  animals  were  over-fed  with  the 
saccharine  hydrocarbons,  the  proportion  of  the  carbonic  acid  exhaled,  to  that  of 
the  other  products  of  combustion,  underwent  iiuch  an  increase,  that  it  contained 
95  or  even  SJ97  per  cent,  of  the  oxygen  which  had  disappeared.  —  On  the  other 
hand,  the  use  of  Alcohulio  drinks  tends  to  diminish  the  exhalation  of  carbonic 
acid ;  and  this  not  merely  (oe  maintained  by  some)  in  virtue  of  the  large  propor- 
tion of  surplus  hydrogen  contained  in  alcohol,  but  also  (aa  there  appears  strong 
reason  to  believe)  by  obstructing  the  normal  oxidation  and  elioiination  of  other 
combustible  materials  which  the  blood  may  contain.  For  it  ia  shown  by  the  ex- 
periments of  Dr.  Front,'  which  have  been  confirmed  as  to  many  points  by  tho*te 
of  Viemrdt,  that  this  diminution  continues  so  long  as  the  alcohol  remains  uncon- 
Bumed  in  the  system,  and  is  then  followed  by  a  marked  increase  in  the  pcr-cent- 
age  of  carbonic  acid  in  the  inspired  air. 

VII.  JUuscukir  Exertion  or  Repose. — The  effect  of  bodily  exercise,  in  mode- 
ration, is  to  produce  a  considerable  increase  in  the  amount  of  carbonic  acid 
exhaled,  both  during  its  continuance,  and  for  some  little  time  Bubsef|uently  to  its 
cessation.  According  to  the  observations  of  Yierordt,  the  increase  amounts  to 
one-third  of  the  quantity  exhaled  during  rest;  and  it  lasts  formore  than  an  buur 
afterwards,  being  manifested  in  the  greater  quantity  of  air  respired,  and  in  the 
larger  per-eentago  of  carbonic  acid  contained  in  it.  If  the  exercise  be  pro- 
longed,  however,  so  as  to  occasion  fatigue,  it  is  succeeded  by  a  diminished  exha- 
lation.—  The  connection  between  muscular  exertion  and  the  exhalation  of  car- 
bonic acid,  is  remarkably  shown  in  Insects ;  in  which  animals  we  may  witne^ 
the  rapid  transition  between  the  opposite  conditions  of  extreme  muscular  exer- 
tion, and  tranquil  repose;  and  in  which  the  effecta  of  these  upon  the  respiratory 
proceas  are  not  masked  by  that  exhalation  of  carbonic  acid,  which  is  required  in 
warm-blooded  animals  simply  for  the  maintenance  of  a  fixed  temperature.  Thus 
a  IIumblc-Bee  was  found  by  Mr.  Newport'  to  produce  one-third  of  a  cubic  inch 
of  carbonic  acid,  in  the  course  of  a  single  hour,  during  which  ita  whole  body 
was  ia  a  state  of  constant  movement,  from  the  excitement  resulting  from  its  cap- 
ture; and  yet,  during  the  whole  twenty-four  hours  of  the  succeeding  day,  which 
it  piissed  in  a  state  of  comparative  rest^  the  quantity  of  carbonic  acid  generated 
by  it  was  absolutely  less. 

VIII.  Sleep  or  Watrh/vlness. — The  amount  of  carbonic  acid  exhaled  during 
'  "  Thomson's  Aua&ls  of  Philoaoplij,^''  vola.  ii.  and  it. 
♦  "  Pbiloa.  TrMMct.,"  1830 
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deep,  ia  conidderablj  less  than  that  eet-free  in  the  waking  state.  This  is  par- 
ticulurly  shown  by  the  experiments  of  Scharling ; '  who  confined  the  subjects  of 
them  in  bd  air-tight  chamber,  within  whieh  they  could  i?leep,  take  their  meals, 
&c.  Thus  in  one  ease,  the  hourly  exhalation  sank  from  160  to  100,  in  another 
from  104-7  to  122-3,  and  in  another  from  09  to  751.  The  cause  of  this  reeult 
is  partly  to  he  sought  in  the  ceseiitiun  of  all  muscular  exertion  (save  that  con- 
cerned in  the  maintenance  of  the  respiration);  and  partly  in  the  diminution  in 
the  dissipation  of  the  heat  of  the  body  itself. 

IX.  Fen'ad  of  the  Day. — Independently  of  these  variations,  wtich  have  their 
source  io  the  condition  of  the  individual,  there  is  reason  to  believe  that  there  is 
a  diurnal  cycle  of  change  in  the  quantity  of  carbonic  acid  exhaled,  the  maximum 
being  (cseteria  paribus)  before  and  after  noon,  and  the  viinimvm  before  and 
after  midnight.  From  the  experiments  of  Sehiirling  upon  the  Iluman  subject, 
it  would  appear  that  the  average  proportion  exhaled  by  day  to  that  exhaled  by 
night,  is  88  1^  to  1 ;  and  this  differcuec  does  not  seem  to  be  affected  by  sleep  or 
wakefulness.  How  far  it  ia  to  be  accounted-for  by  other  diffeTcnceB  in  the  con- 
dition of  the  system,  it  does  not  seera  easy  to  determine.  But  it  is  pretty  ob- 
viously associated  with  a  difference  in  the  power  of  generating  heat ;  for  accord- 
ing to  the  observations  of  Chossat  (chap,  x.),  there  is  a  like  diurnal  variation  in 
the  temperature  of  Birds ;  and  moat  persons  are  conscious  of  a  greater  difficulty 
in  hearing  exposure  to  cold  between  midnight  and  early  morning,  than  at  any 
other  period  in  the  twenty-four  hours. 

X.  State  of  Health  or  Disease. — Upon  this  very  important  cause  of  variation, 
few  accurate  researches  have  yet  been  made.  The  pcr-centftge  of  carbonic  acid 
in  the  expired  air  has  been  found  to  be  unusually  great  in  the  Exanthemata, 
and  in  chronic  Skin-diseases  (Macgregor');  and  it  has  been  stated  to  be  dimi- 
nished in  Typhus  (Malcolm*).  ^ — Thus,  the  average  proportion  in  health  being 

'4^Qt  4-3  per  cent.  (Vierordt),  it  has  been  seen  at  8  per  cent,  in  confluent  Smat!- 
'-^bx,  at  5  per  cent,  in  Measles,  and  at  7 '2  per  cent,  in  a  severe  case  of  Ichthyosis 
which  terminated  fatally ;  whilst  tn  Typhus  the  per-centage  has  been  found  to 
range  from  1-18  to  2-50.  But  these  statements  do  not  indicate  the  total  quan- 
tity exhaled  in  each  case.  —  The  remarkable  increase  of  the  exhalation  io  cases 
of  Chlorosis,  has  been  already  noticed ;  in  four  cases  recorded  by  Hannover,  the 
hourly  expiration  was  123-6,  118-6,  IIG  9j  and  lOG-3  grains  j  the  absolute  quan- 
tity (JUminishing  as  the  respirations  increased  in  rapidity.  —  In  chronic  diseases 
of  the  respiratory  organs,  as  might  be  anticipated,  the  amount  of  Carbonic  acid 
exhaled  undergoes  a  sensible  diminution  (Nysteu*and  Hannover').  —  Further 
researches  are  much  needed  on  this  subject  j  but,  for  obvious  reasons,  they  cannot 
be  readily  made  in  severe  forms  of  disease. 

317.  The  aeration  of  the  blood  may  take  place,  not  only  by  means  of  the 
Lungs,  but  also  in  some  degree  through  the  medium  of  the  Cutaneous  surface. 
In  some  of  the  lower  tribes  of  animals,  indeed,  this  is  a  very  important  part  of 
their  respiratory  process:  and  even  in  certain  Vertebrata,  the  cutaneous  rt-spira- 
tion  is  capable  of  supporting  life  for  a  considerable  time.  This  is  especially  thu 
case  in  the  Batracbia,  whose  skin  is  soft,  thin,  and  moist ;  and  the  efiecl  is  here 
the  greater,  since,  from  the  small  proportion  of  the  blood  that  has  passed  through 
the  lungs,  that  which  circulates  through  the  system  is  very  imperfectly  arterial- 
ixed.  By  the  experiments  of  Bischoff  it  was  ascertained  that,  even  after  the 
lungs  of  a  Frog  had  been  removed,  a  quart-er  of  a  cubic  inch  of  arbonic  acid 
was  exhaled  from  the  skin,  in  the  course  of  eight  hours.  Eipcrimcnts  en  tlio 
tJaman  subject  leave  no  room  for  doubt,  that  a  similar  process  is  effected  through 

*  ••  Ann.  dcr  Chem.  and  Pharro.,"  1843;  transl.  in  •  Ann.  de  Chim.  et  de  Phys.,"  1843. 

•  "  Ediab.  Monthly  Jonmal,"  1843.  '  "  Report  of  Brit.  Abboc,"  1848,  p.  87. 

*  •♦Recberches  de  Physiologie  ct  dc  Chemie  Palliolf>gi<inc,"  1811. 

•  "  !>•  Qoantitatv  relativa  «t  absolota  Acidi  Carboaici  ab  Jloinine  Sano  et  ^groto  Mha- 
bti,"  1846. 


308 


OF    RESPIRATION. 


tbe  medium  of  his  general  surface,  although  in  a  very  inferior  degree ;  for  by 
ooDfioing  the  body  in  a  close  chamber,  into  which  tbe  products  of  cutaseooa 
respiration  could  freely  pass^  whilst  the  pulmonary  respiration  was  measured  by 
&  distinct  appiiratus,  Prof.  Scbarling'  ascertained  that  the  proportion  of  carbonic 
acid  given-off  by  the  Skin  is  from  l-30Lh  to  1-GOth  of  that  exhaled  from  the 
Lungs  during  the  same  period  of  time.  Moreover,  it  has  been  observed,  not  un- 
frequently,  that  the  livid  tint  of  tbe  skin  which  eupervenes  in  Asphyxia,  owing 
to  the  noQ-arterialization  of  the  blood  in  the  lungs,  bus  given  place  after  death 
to  tbe  fresh  hue  of  health,  owing  to  the  reddening  of  the  blood  tn  the  cutaneous 
caprllurics  by  the  action  of  the  atmospbcre  iipon  them ;  and  it  docs  not  seem  im- 
probable  that,  in  cases  of  ohstruutioa  to  the  due  action  of  the  lunge,  the  exhala- 
tion of  carbonic  acid  through  the  skin  may  undergo  a  considerable  increase;  for 
we  find  a  similar  disposition  to  vicarious  action  in  other  parts  of  the  excreting 
apparatusr  Moreover,  there  is  evidence  that  the  interchange  of  gases  between 
the  air  and  the  blood,  through  the  skin,  has  an  important  abare  in  keeping-up 
the  temperature  of  the  body  (CHAP.  X.);  and  we  find  the  temperature  of  the 
surface  much  elevated  in  many  cases  of  pneumonia,  pbthisis,  &c.,  ia  which  tbe 
lungs  seem  to  perform  their  function  very  insufficiently. 

318.  The  total  amount  of  Carbonic  acid  daily  givcn-off  from  the  Skin  and 
Lungs  may  be  estimated  in  another  mode;  namely,  by  determining  the  total 
amount  of  Carbon  contained  in  tbe  iuyesta,  and  the  amount  excret«d  in  other 
ways,  making  allowance  for  the  difference  in  weight  (if  any)  of  the  body.  lo 
this  mode,  Frof.  Liebig  came  to  the  conclusioa,  that  the  average  amount  of  car- 
bon exhaled  by  soldiers  in  barracks,  was  13-9  ot.  (Hessian)  or  very  nearly  14  ox. 
troy.'  From  similar  collective  observations  upon  the  inmates  of  the  Bridewdl 
at  Murienschloss  (a  prison  where  labour  is  enforced),  be  calculates  that  each  in- 
dividual exhuled  10-5  oz.  of  carbon  daily  >n  the  form  of  carbonic  acid ;  while  in 
a  pri.<iou  at  Giessen,  whose  inmates  are  deprived  of  all  exercise,  the  daily  average 
was  but  8  5  oz.*  It  has  been  shown  by  Prof.  Scharling/  that  tbe  total  amount 
of  carbon  contained  in  the  daily  allowance  of  food  and  drink  in  tbe  Danish  Ntivy, 
ia  somewhat  less  than  10-5  oz. ;  and  as  we  shall  presently  see  that  from  1-lOth  to 
1-1 2ih  of  the  carbon  ingested  passcs-off  through  other  channels,  scaroely  more 
than  D'5  oz.  of  this  amount  can  be  consumed  by  the  respiratory  process. — A  very 
exact  estimate,  though  based  on  more  limited  data,  has  been  recently  made  by 
M.  Barral;"  who  experimented  upon  himself  (set.  29)  in  winter  (a)  and  in  sum- 
mer (b),  upon  a  boy  of  G  years  old  (o),  upon  a  man  of  59  years  old  (d),  and  upwa 
an  uQuiarricd  woman  of  32  years  (e).  The  following  table  gives  tbe  results 
which  he  obtained,  from  an  average  of  five  days,  ia  regard  to  the  disposal  of  the 
Carbon  of  the  food;  tliose  which  relate  to  its  Nitrogen,  Hydrogen,  and  Oxygen 
will  be  noticed  subBoquently  (§§320^  321). 


Mii^t/Ady. 

Oartmnf  J^ted. 

wTwW  e^n^Ail 

In  Vaeccs. 

In  Urine. 

By  rxImUdoa. 

A 

104-5  lbs. 

6654-1  grs. 

286-2  era. 

284-6  gn. 

6183-8  gr*. 

B 

40900  " 

187  4  « 

211-6  •' 

.S7411   •' 

C 

S3      " 

2.382-3  " 

149  7  '• 

67-9  " 

2164  7  •' 

D 

1291  •• 

6123  0  *' 

210-0  " 

327-3  •' 

4686-7  •* 

£ 

1346  " 

4520-8  " 

64  8  " 

21B-1  '» 

4231)  9  •• 

•  "Ann.  der  Chetn.  and  Ph&rni.,"  1846. 
'  "Animal  Chptnistrj,*'  3rd  edit.  p.  13.  —  The  mode  in  which  this  estjinvte  WiS  macle, 

bowav«r,  was  rery  far  from  exact;  as  it  rests  on  the  ussuinptiou  that  (be  carbon  of  tb« 
fsecea  and  urine  vas  no  more  than  equal  to  that  of  oertaio  extra  articles  of  diet  suppoied 
to  hare  been  consumed,  and  that  all  the  carbon  of  the  regular  allowance  of  bread,  meal, 
and  vegetables,  must  hare  pftSHtfd-off  by  the  ntmo«phere.  Its  great  disicDrdnnce  with  ilher 
r«8u]ta  leaves  little  room  for  daubt,  that  even  if  not  far  from  being  true  for  the  particular 
ease,  it  cannot  be  admitted  as  representing  the  usual  average. 

•  Op.  cit.  p.  46.  •  •*  jjju.  der  Chem,  und  Phann.,"  1846. 
"Ann.  de  Chim.  et  de  Fhja.,"  torn.  zzv. 
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Tha?  Ihe  average  amount  of  the  carbon  daily  consumed  in  pulmonary  and  cuta- 
neous exhalation  by  M,  Barrnl  himeelf,  was  in  winter  5183-3  grains,  or  10-8  02. 
troy;  whilst  in  summer  it  was  but  3741-1  grains,  or  7-8  or.  troy;  this  difference 
is  quite  conformnble  to  what  might  hnve  been  anlicipiited  from  the  results  of  a 
dinerent  mode  of  experimenting  (§316  i);  and  it  throws  some  light  on  the  dis- 
crepancies in  the  results  of  other  iueasureiiieiil9>  to  find  that  the  sea9r)nal  varia- 
tion is  scarcely  loss  than  one-third  of  the  me^n  between  these  two  amounts.  The 
other  results  correspond  clo?ely  with  the  atatements  of  MM.  An<lral  and  Gavar- 
ret,  in  regard  to  the  higher  proportion  of  carbonic  acid  exhaled  (as  compred 
with  the  bulk  of  the  body)  by  children,  and  the  smaller  proportion  thrown-olF 
by  men  advanced  in  years,  and  by  women. 

819.  It  is  not  only  by  an  oxygenated  atmOBphere,  that  the  removal  of  Carbonic 
acid  from  the  blood  may  be  effected.  For  although  it  was  formerly  supposed  that 
the  exhaled  carbonic  acid  is  generated  in  the  lungs  by  the  combination  of  atmo- 
spheric oxygen  with  the  carbonaceous  matters  of  the  blood,  and  that  the  inhala- 
tion of  oxygren  is  therefore  immediately  necessary  for  its  production,  yet  it  is 
DOW  Quite  oertaio  that  this  carbonio  acid  esistj>  preformed  in  venous  blood,  and 
that  toe  oxygen  introduced  is  carried  into  the  arterial  circulation,  instead  of  being 
ftl  onoe  returned  to  the  air  in  the  state  of  carbonic  acid  ("§  179).  Ilence  an 
exhalation  of  carbonic  acid  may  continue  for  a  considerable  period  (in  cold- 
blooded animals  especially),  whilst  the  animal  is  breathing  an  atmosphere  in 
which  no  oxygen  exists.  Thus  it  was  shown  by  SpallauEani/  that  Snails  raij^ht 
be  kept  for  a  long  time  in  Hydrogen,  without  apparent  injury  to  them;  and  that 
during  this  period  they  disengaged  a  considerable  amount  of  Carbonic  acid-  I>r, 
Edwards*  subsequently  ascertained  that,  when  Frogs  were  kept  in  hydrogen  for 
several  hours,  the  quantity  of  carbonic  acid  exhaled  was  fully  as  great  as  it  would 
haye  been  in  atmospheric  air,  or  even  greater ;  this  latter  fact,  if  correct,  may 
be  accounted-for  by  tlie  superior  displacing  power,  which  (on  the  laws  of  the 
diffusion  of  gases)  hydrogen  possesses  for  carbonic  acid.  Collard  dc  Martigny ' 
repeated  ihia  experiment  in  Nitrogen,  with  the  same  results.  In  both  sets  of 
experiments,  the  precaution  waa  used  of  compressing  the  tanks  of  the  animal, 
previously  to  immersing  it  in  the  gas,  so  as  to  expc!  from  the  lungs  whatever 
mixture  of  oxygen  they  might  contain.  These  experiments  have  been  since 
repeated  by  Miiller  and  Bergemann,  who  took  the  additioanl  precaution  of  re- 
moving, by  means  of  the  air-pump,  all  the  atmospheric  air  that  the  lungs  of  the 
frog  might  previously  contain,  together  with  the  carbonic  acid  that  might  exist 
in  the  alimentary  canal.  They  found  in  one  of  their  experiments,  that  the  quan- 
tity  of  carbonic  acid  exhaled  in  hydrogen  was  nearly  a  cubic  inch  in  GJ  hours; 
and  in  another,  that  nearly  the  same  amount  was  given-off  in  nitrogen,  though 
this  required  rather  a  longer  period.  It  appears  from,  the  table  of  IIh-xt  results,* 
that  the  amount  was  not  ordinarily  greater  in  the  ciperirocnts  which  were  pro- 
longed for  twelve  or  fourteen  hours,  than  in  those  which  were  terminntca  in 
half  the  time;  hence  it  maybe  inferred,  that  the  quantity  which  the  blood  is 
itaelf  capable  of  disengaging  is  limited,  and  that  the  absorption  of  oxygen  is 
necenary  to  enable  carbonic  acid  to  be  continuouply  set-free  from  the  body. — It 
ia  impossible,  however,  for  an  oduh  Bird  or  Mammal  to  sustain  life  for  any  con- 
sidemble  time  in  an  atmosphere  deprived  of  oxygen;  since  the  greatly-increased 
rapiility  and  energy  of  all  their  vital  operations,  necessitate  a  muob  more  con- 
stant supply  of  this  vivifying  agent,  than  is  needed  by  the  inferior  tribes;  and, 
as  we  shall  presently  see,  the  capillary  action  requisite  for  the  pa«iage  of  the 
blood  through  the  lungs  Mrill  not  take  place  without  it  (§  327).  But  Dr.  Edwards* 
has  shown,  that  }fovnij  Mammalia  can  sustain  life  in  an  atmosphere  of  hydrogeu 

*  *'  M^imoirM  «iir  la  R«ipiration,"  traduita  par  8eD«b«ir,  Geneve,  1804. 

*  "De  rinllttetioe  des  Agens  Phymqaes  sur  la  Vie  ;"  PkHs,  1824. 

*  *  Baoberebca  Ezp^rimeDtales,'  &o.  in  MagandJe's  *'  Journal  de  Phyiiologie,"  torn.  x. 

*  •'  MOller'a  Elemeata  of  Pbjsiologj,"  translated  by  Baly,  vol.  i.,  p.  838. 
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or  nitrogeo,  for  a  EiuffieieDt  length  of  time  to  exhale  a  sensible  amount  of  car- 
"  onio  acidj  so  that  the  character  of  the  process  is  clearlj  proved  to  be  the  same 
in  warm-blooded  animals,  as  in  Reptiles  and  lavertebrata. 

3'20.  Much  discussion,  has  taken  place,  with  regard  to  the  degree  in  which  the 
proportion  of  Nitrogen  in  the  air  is  affected  by  Respimtion.     It  seetne  probable 
that  the  abi>orptioD  and  exhalation  of  this  gas  are  oontinnallj  taking  place ;  but 
,lhjit  the  two  amounts  uflnaUy  nearly  balance  each  other.'     On  the  whole,  how. 
!ever,  there  is  adequate  reason  to  believe  that  Nitrogen  is  ordinarily  piven-off; 
lis  being  the  joint  result  of  the  analysis  of  the  expired  air,  and  of  the  rompari- 
)n  of  the  amount  of  ultro|ren  given-off  in  the  Other  excretiooa  with  that  ingested 
as  a  constituent  of  the  fond.     Of  the  experiments  made  in  the  former  of  these 
methods,  the  most  accurate  are  those  of  MM,  Regnault  and  Reiset,  whose  general 
tconclusions  aro  as  follows:  —  (1).  That  warm-blooded  animals  subjected  to  their 
[ordinary  regimen  exhale  nitro^n,  but  never  in  larger  proportion  than  l-50th, 
[wid  sometimes  in  less  than  1-lOOth,  of  the  oxygen  consumed:  —  (2).  That  in  a 
[state  of  inanition,  itnimals  usually  absorb  nitrogeo: — (3).  That  animals  whoM 
Usual  diet  has  been  changed,  usually  absorb  oxygen  until  they  are  accustomed  to 
[their  new  fo<.td-'' — Of  the  experiments  made  according  to  the  second  method, 
[those  of  M.  Boussiogault  upon  turtle-doves,  and  those  of  M.  Barral  upon  the 
f human  Bubject,,  appear  to  bo  trustworthy.    The  former  states  that  the  surplus  of 
[Bitrogcn  in  the  food  of  the  bird,  above  that  excreted  by  the  kidneys  and  intes- 
^tinal  canalf  is  2^  grains  daily,  or  one-third  of  the  weight  of  the  azote  in  its  food;* 
[whilst  the  latter  gives  the  following  as  the  results  of  his  observations  upon  him- 
self and  the  other  individuals  already  referred-to  (§  318): — 

Sitrogrn  in  /^kxL  N^rvgm  taertUd. 


Urine. 

FSKKUI. 

Lunffn  B.nil  Skin. 

A 

432  8  gr^ 

1G9  3  gra. 

48-2  grs. 

220-8  gra. 

B 

827-3    •' 

1613    •• 

20-1    ♦< 

166-9    " 

0 

1219    •• 

47-8    " 

27.8    » 

46-8    " 

D 

421-5    "• 

2346    •• 

88-6    •• 

148-8    " 

E 

845-8    " 

1&4-4    " 

128    " 

1791    " 

Id  cases  a,  b,  and  e,  the  amount  of  Nitrogen  which  (being  otherwise  unaccounted- 
for)  must  be  considered  to  have  passed-off  by  the  lungs  and  skin,  was  about 
l-76th  of  the  oxygen  consumed ;  a  proportion  which  accords  very  well  with  that 
deduced  by  MM.  Regnault  and  K<nset  from  their  experiments  on  animals.  In 
ease  D,  however,  it  was  only  l-97th;  and  in  case  c  (that  of  a  child  of  six  years 
old),  it  was  as  little  as  l-143rd. — Tt  will  be  remembered  that  Nitrogen  exists  in 
an  uncombined  state  in  the  blood  (§  179)  j  its  per-eentago,  however,  is  continually 
varying;  and  no  constant  difference  is  observable  between  the  proportions  yieldiid 
by  arterial  and  venous  blood  respectively. 

[The  alterations  effected  in  the  Blood  by  Respiration  have  already  be«n  fully 
considered.     See  §§  179-182.] 

321-  Exhaiation  and  Absorption  through  the  I/ungn, — Tho  Air  expired  from 
the  lungs  differs  from  that  which  was  introduced  into  them,  not  merely  in  the 
altered  proportions  of  its  Oxygen,  Nitrogen,  and  Carbonic  acid,  but  also  in  having 
received  (under  ordinary  circumstances  at  least)  a  large  addition  to  its  watery 
vapour.  This  it  doubtless  acijuircs  in  accordance  with  physical  laws,  through  its 
exposure  to  tho  warm  blood  which  is  spread-out  over  a  very  extensive  surface,  the 
intcrmediato  membrane  being  extremely  permeable;  and  the  variations  in  its 
amouut  will  depend  upon  tho  physical  conditions  under  which  that  exposure 
takes  place.  The  air  expired  in  ordinary  respiration  is  charged  with  as  much 
watery  vapour  as  saturates  it  at  the  temperature  of  the  body ;  and  consequently 

'  For  the  HCotisidertitioTis  which  render  this  probable,  see  eflpecially  Dr.  W.  P.  Edwardi 
"  On  Ihe  Intluence  of  Physical  Agents  oo  Life,"  Part  iv.,  chap.  xtL  sect  2,  8. 

•  •'  Ann.  de  Chitn,  et  de  Phya.,"  1849 ;  and  '•  Mem.  do  Chim.  Agric,"  1864,  p.  8L 
^      "  Comptes  Rcndai,"  1846. 
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the  amount  of  watery  vapour  thus  exhaled,  will  vary  (for  equal  vnjumes  of  air  at 
any  given  temperature)  in  the  inverse  proportion  to  that  which  the  air  previously 
oootained.  But  when  the  air  is  very  cold  and  very  dry,  and  the  respiration  is 
unusually  rspid^  it  may  not  remain  sufficiently  long  in  the  air^eolls,  to  be  raiRcd 
to  the  temperature  of  the  body,  or  to  be  fully  saturated  with  moisture.  The 
amount  of  watery  vapour  exhaled,  moreover,  will  of  course  depend  in  part  upon 
the  quantity  of  air  which  passes  throufjh  the  lunga.  And  from  these  causes  of 
difference,  it  happens  that  the  anmunt  of  watery  vapour  exhaled  in  twenty-four 
hours  may  vary  from  about  6  oz.  (o  27  oz. ;  its  usual  range,  however,  being  be- 
tween 16  and  20  os.  —  Of  the  fluid  ordinarily  exhaled  with  the  breath,  a  part 
doubtless  proceeds  from  the  moipt  liniup  of  the  noptrils,  fauces,  &,c. ;  but  it  is 
indisputable  that  the  greater  proportion  of  it  comes  from  the  lungs,  since,  when 
the  respiration  is  entirely  perfonned  through  a  canula  introduced  into  the  trachea, 
the  amount  of  watery  vapour  which  the  breath  contains  ia  ptill  very  considerable. 
Of  the  proper  pulmonary  exhalation,  there  can  be  no  doubt  that  the  greater  part 
i»  the  mere  surplus-water  nf  the  blood,  and  especially  of  the  crude  fluid  which 
has  been  newly  introduced  into  the  circulating  current  by  the  process  of  nutritive 
absorption.  But  there  is  strong  evidence  that  Hydrogen  as  well  as  carbon  un- 
dergoes combustion  in  the  system ;  and  that  a  portion  of  the  exhaled  aqueous 
vapour  is  the  product  of  that  combustion.  For  of  the  hydrogen  which  the  food 
contains,  not  more  than  from  l-8th  to  1-lOth  pa6i>e.9-off  by  the  other  excretions, 
the  remaining  7-8ths  or  D-lOths  being  exhaled  in  the  condition  of  watery  vapour 
from  the  lungs.  A  portion  of  the  oxygen  which  this  vapour  contains,  is  sup- 
plied by  the  food;  but  there  is  usually  a  considerable  surplus  of  hydrogen ;  and. 
this  can  only  be  converted  into  water,  at  the  expense  of  oxygen  derived  from  the 
atmosphere.  Upon  this  point  the  experiments  of  M,  Burral  (Itx;.  cit.)  gave  the 
following  results : — 


£/u 

V.  ttf  ITj/dreffeil, 

A 

8841-4  grs. 

480-2  grs. 

801  "8  grs. 

821  1  grs. 

B 

2757  6  •« 

844-7  " 

597-6  '♦ 

262-8  » 

C 

1880-6  " 

236-1  " 

880-4  " 

95-8  " 

D 

8796-1  " 

474-4  " 

662-8  •• 

187  9  " 

E 

8140-5  " 

892-6  " 

643-8  •• 

251-8  " 

Thus  it  appears  that,  of  the  hydrogen  exhaled  from  the  lungs  and  skin  of  M. 
Barral,  in  the  condition  of  watery  vapour,  not  less  than  321-1  |n*s.  in  winter,  and 
252-8  grains  in  summer,  must  have  been  converted  into  water  %  oxygen  derived 
from  the  air;  and  this  calculation  would  give  2880-9  grs.  (6  oi.  iroy)  for  the 
winter,  and  2275-2  grs.  (4-7  oz.  troy)  for  the  summer,  as  the  amount  of  water 
thus  generated  in  the  couibuBtive  process.  This,  however,  can  only  be  reganled 
as  an  approximation  to  tlic  truth  ;  since  there  are  many  circumstances  not  taken 
into  account  in  the  computation,  by  which  the  estimate  may  be  affected. 

822.  The  fluid  thrown-off  from  the  lungs  is  not  pure  Water.  It  holds  in 
solution,  as  might  have  been  expected,  a  conBiderable  amount  of  carbonic  acid, 
and  also  some  animal  matter;  the  exact  nature  of  the  latter,  which  according  to 
Collard  de  Martigny  (op.  cit.)  constitutes  about  3  parts  in  1000,  has  not  been 
ascertained;  but  from  the  inquiries  of  Mr.  li.  A.  Smith,'  it  would  appear  to  be 
en  albuuttnous  substance  in  a  state  of  decomposition.  If  the  fluid  be  kept  in  & 
closed  vessel,  and  be  exposed  to  an  elevated  temperature,  a  very  evident  putrid 
odour  is  exhaled  by  it.  Every  one  knows  that  the  breath  itself  has,  occasionally 
in  some  persons,  and  constaQtly  in  others,  a  foetid  taint:  when  this  does  nut 
proceed  from  carious  teeth,  ulcerations  iu  the  air-passages,  disease  in  the  lung.<4, 
or  other  similar  causes,  it  must  result  from  the  excretion  of  the  odorous  uiattet, 
in  combination  with  watery  vapour,  from  the  pulmonary  surface.  That  this  is 
the  true  account  of  it,  seems  evident  from  the  analogous  phenomenon  of  the 
excretion  of  turpeotine,  camphor,  alcohol,  and  other  odorous  substances,  which 
'  "  FMlosophical  Magazine,"  vol.  xxx.  p.  478. 
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have  bcea  introduced  into  the  renoua  system,  either  by  nataral  absorptioo,  or  by 
direct  injection;  and  also  from  the  suddonness  with  vrhicb  it  often  munifests 
itself,  when  the  digestive  apparatas  is  slightly  disordered,  apparently  in  oonse- 
queaco  of  the  entrance  uf  sutue  tuol-asdiuiilated  matter  into  the  blood.     Amonc 
the  suhstancca  occaBionatlj  throwa-off  by  the  lungs,  Pbospboms  desierves  a  spedtl 
mention,  ou  account  of  the  peculiarity  of  the  form  under  which  it  ia  eliminated;! 
for  it  has  been  found  that  if  phosphorus  he  mixed  with  oil,  and  be  injected  iot»{ 
the  blood-vessclsj,  it  partly  CBcapes  in  an  unoxidized  state  from  the  lungs,  render^i 
ing  the  breath  luminous.'     And  thia  luminous  breath  hi\s  also  been  ouaerred  iaj 
ppirit-drinkers ;  in  whom  the  oziilation  of  the  effete  matters  of  tbe  system  ilJ 
impeded,  in  consequence  of  the  demand  set-op  by  the  alcohol  ingested  for  tli«4 
oiyp^cn  introduced  (§  316  VJii.) 

323.  Nut  only  exhalation,  but  also  (under  peculiar  circumstances)  ab»orptiin^\ 
of  fluid  may  take  place  through  the  Lungs.  Thus  Dr.  Madden'  has  shown  that^/ 
if  the  vapour  uf  hot  water  be  iuhaled  for  some  time  together,  the  total  Ion 
exhalation  ia  bo  much  lesa  than  usual,  as  to  indicate  that  the  cutaneous  trat 
ration  is  partly  counterbalanced  by  pulmonary  absorption;  the  pulmonary  exh»ij 
lation  being  at  the  snmc  time  entirely  checked.  It  is  probable  that,  if  tbe  qaaa«4 
tity  of  fluid  in  the  blood  bad  been  previously  diminished  by  excessive  sweatia^j 
or  by  other  copious  fluid  secretions,  tbe  pulmonary  absorption  would  have  beeai 
much  greater.  Still  in  tbe  cases  formerly  mentioned  (§  1*20),  in  which  a  larfci^ 
increase  in  weight  could  only  be  accountcd-for  on  the  supposition  of  alitiorpHoti 
of  water  from  the  atmospbcre,  it  seems  probable  tbat  the  cutaneous  surface  waii 
chiefly  concerned;  fur  it  can  only  be  when  the  air  introduced  into  the  longs  if 
aaturated  with  watery  vupour,  that  tho  usual  exhalation  will  be  checked,  or  thatj 
any  absorption  can  take  place. 

324.  That  absorption  of  other  volatile  matters  diffused  through  the  air,  iS|J 
however,  continually  taking  place  by  the  lungs,  is  easily  demonstrated.     A  fanii*! 
liar  example  is  the  cfiect  of  the  inhalation  of  the  vapour  uf  Turpentine  upon  the! 
urinary  excretion.     It  can  only  be  in  this  manner  that  those  guses  act  upon  the 
system,  which  have  a  noxious  or  poisonous  elTect,  when  uiingled  in  small  quan- 
tities in  the  atmosphere;  and  it  is  most  astonishing  to  witnei^  tbe  extraordinnry 
increase  in  potency  which  many  substances  exhibit,  when  they  are  brought  into 
relation  with  the  blood  in  the  gaseous  form.     The  most  remarkable  example  of 
this  kind  is  afforded  by  Arseniuretted  Hydrogen,  the  inspiration  of  a  few  huivj 
dredths  of  a  grain  of  which  has  been  productive  of  fatal  consequences,  the  r^^ 
suiting  symptoms  being  those  of  arsenical  poisoning.     Next  to  this,  perhaps,  iftj 
deleterious  activity,  is  Sulphuretted  Hydrogen ;  but  it  would  seem  that  the  eflfeouj 
of  this  gas  upon  the  Human  subject  are  scarcely  so  violent  as  they  are  upon' 
animals;  for  though  it  has  been  found  that  tbe  presence  of  l-1500«h  part  of  it 
in  the  respired  air  will  destroy  a  bird  in  a  very  short  time,  tbat  l-800th  part 
suffices  to  kill  a  dog,  and  that  l-250th  part  is  fatal  to  a  horse,  yet  Mr.  Parent- 
Bach&telel  has  affirmed  that  workmen  habitually  braathe  with  impunity  an  attoo- 
sphere  containing  one  j>er  cent.,  and  that  he  himself  baa  respired,  without  serious 
symptoms  ensuing,  air  which  contained  three  per  cent.     There  can  be  no  doubt) 
however,  that  the  cttnfinufd  inhalation  of  air  thus  contaminated,  would  be  speedily  i 
fatal.     Sulphuretted  hydrogen  and  Ilydro-sulphuret  of  ammonia  areagiven-off 
from  most  forma  of  decaying  animal  and  vegetable  matter;  and  it  is  undoubtedly 
to  tho  accuiimlation  of  these  ga-^cs,  that  the  fat-al  results  which  sometimes  ensue 
from  entering  sewers  are  to  be  chiefly  attributed.  —  Carburetted  hydrogen  is  an* 
other  gas  whose  efl^ecta  are  similar;  but  a  larger  proportion  of  it  is  required  to 
destroy  life. — Carbonic  acid  ga.«i,  also,  appears  to  be  absorbed  by  the  lungs,  whea 
a  large  proportion  of  it  is  contained  in  the  atmosphere.     The  accumalatioa  of 

'  "Caeper'a  Wochenadirift."  1849,  band  16. 
'  "Prize  Essay  on  Cutaneous  Abaorptioa,"  p.  56. 
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this  gss  ID  the  blood,  when  the  respired  air  is  charged  with  it  even  to  a  moderate 
ttinouDt,  might  be  attributed  to  the  i^^pc(Iiment  thas  offered  to  it6  ordinary  exha- 
lation (§  313) :  but  the  following  exporiiueut  appears  to  prove  that  it  may  be 
actually  absorbed  into  the  blood,  and  that  it  will  thus  exert  a  rcally-poiiionous 
inflaeDoe,  and  not  merely  produce  an  asphyxiating  effect.  It  was  found  by 
Rolando,  that  the  air-tube  of  one  lung  of  the  land-tortoise  tuay  be  tied,  without 
•pparootly  doing  any  material  injury  to  the  animal,  as  the  rcj^piration  performed 
by  the  other  ia  sufficient  to  maintaiu  life  fur  BOme  time ;  but,  having  coutrived  to 
make  a  tortoise  inhale  carbonio  acid  by  one  lung,  whlK^t  it  breathed  air  by  the 
other,  he  found  that  the  animal  died  iu  a  few  hours.'  —  C^'anogeo  is  another  gas 
which  has  an  actively-poisonous  influence  upon  aaimals,  when  absorbed  into  the 
lungs ;  it«  agency,  also,  is  of  a  narcotic  character. 

325.  It  is  singular  that  the  effects  of  the  respiration  of  pure  Oxygen  should 
not  be  dissimilar.  At  first,  the  rapidity  of  the  pulse  and  the  number  of  the 
icapirations  are  increased,  and  the  animal  appears  to  suffer  little  or  do  iocotiv^ 
nience  for  an  hour;  but  symptoms  of  coma  then  gradually  dcvclope  themselreB, 
and  death  ensues  in  six^  ten,  or  twelve  honrB.  If  the  animals  be  removed  into 
the  air  before  the  insensibility  is  complete,  they  quickly  recover.  When  the  body 
is  examined,  the  heart  is  seen  beating  strongly,  while  the  diaphragm  is  motion- 
leas;  the  whole  blood  in  the  veins,  as  well  as  in  the  arteries,  is  of  a  bright  scarlet 
colour;  and  several  of  the  membrnnous  surfaces  have  the  same  tint.  The  blood 
ia  observed  to  coagulate  with  remarkable  rapidity;  and  it  is  to  the  alteration  in 
its  properties,  occasioned  by  hyper-arterialization  (§  180),  and  indicated  by  this 
condition,  that  we  are  probably  to  attribute  the  fatal  result.  There  can  be  no 
doubt  that  in  this  instance,  an  undue  amount  of  oxygen  is  absorbed;  and  it  docs 
not  seem  unlikely  that  one  cause  of  the  fatal  result,  ia  a  stagnation  of  the  blood 
in  the  systemic  capillaries,  consequent  upon  ibe  want  of  sufficient  change  in  its 
pMsage  through  them  (§  275). — When  Nitrogen  or  Hydrogen  is  breathed  for 
any  length  of  time,  death  results  from  the  deprivation  of  Oxygen,  rather  than 
from  any  deleterious  influence  which  these  gases  themselves  exert.  —  Death  a 
also  caused  by  the  inhalation  of  several  ga^cs  of  an  irritant  character,  suab  as 
Sulphurons,  Nitrous,  and  Murialio  acids;  but  it  is  doubtful  bow  far  they  are 
absorbed,  or  how  far  their  injurious  effects  are  due  to  the  abnormal  action  which 
they  excite  in  the  lining  membrane  of  the  air-cells  and  tubed.  —  It  cannot  bo 
doubted,  that  Miasmata  and  other  morbific  agents  diffused  through  the  atmo- 
sphere, are  more  readily  introduced  into  the  system  through  the  pulmonary  sur- 
uoe  than  by  any  other;  and  our  aim  should  therefore  be  directed  to  the  discovery 
of  some  coanteractiog  agents,  which  can  be  introduced  in  the  same  manner.  The 
Pulmonary  surface  affords  a  most  advantagcoua  channel  for  the  introduction  of 
certain  medicines  that  can  be  raised  in  vapour^  when  it  is  desired  to  affect  the 
BTStem  with  them  speedily  and  powerfully;  such  is  pre-eminently  the  case  with 
those  Ansesthetic  agents,  ether  and  chloroform,  whose  introduction  into  the  various 
dcpartmeDts  of  Medical  and  Surgical  practice  constitutes  a  most  important  era 
in  the  history  of  the  healing  art;  also  with  Mercury/  Iodine^  Tobacco,  Stramo- 
Biam,  Slo. 

'  The  fatal  result  of  br«stLlDg  the  fames  of  cbarcosl  ia,  therefore,  not  Bimpl«  Aapbyxis^ 
■neb  as  would  result  from  breathing  hydrogen  or  nitrogen.  —  Other  volatile  products  Kr« 
set-free  in  tbe  combnation  of  charcoal,  bcBides  carbonic  acid.  Mr.  Coathupe  (ioc.  cit.) 
states  these  to  be  Carbonate,  Muriate,  and  Sulphate  of  Ammooia,  Carbonic  Oxide,  Oxjgen, 
NitrogSQ.  Waterj  vapour,  and  Empjreomatio  Oil :  to  these.  Sulphurous  acid  may  appear 
to  be  properly  added. 

*  Tbe  t>eoeflctal  results  of  the  introduction  of  Mercury  by  inhalation,  are  strikingly  set 
forth  in  Mr.  Laogston  Parker's  Essay  on  "  The  Treatment  of  Secondary,  CoDBtituUoaal, 
■ad  CoaAfiiMd  Syphilis."— Am.  Ed. 
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3. — Effect*  of  SvLspention  or  Dejiciemey  of  Rctpiraiion. 

326.  "We  have  now  to  consider  the  results  of  tlie  cessation  of  the  Respiratory 
function,  and  the  consequent  retention  of  Carbonic  Acid  in  the  blood.  If  this  be 
Biiffieicntlj  prolonged,  a  conditioQ  ensues,  to  which  the  name  of  Afphyxia  has 
been  given  j  the  essential  character  of  which  is  the  cessation  of  muscular  move- 
ment,  and  shortly  afterwards  of  the  Circulation;  with  an  accumulation  of  Wood 
in  the  venous  system.  The  time  which  is  necessary  for  life  to  be  destroyed  by 
,  Asphyxia  varies  much,  not  only  in  different  animals,  but  in  different  states  of  the 
same.  Thus,  warm-blooded  animola  are  much  sooner  asphyxiated  than  Reptiles 
or  Invertehrata ;  on  the  other  hand,  a  bybernating  Mammal  supporta  life  for 
many  months,  with  a  respiration  BuflSciontly  low  to  produce  speedily  asphyxia  if 
St  were  in  a  state  of  activity.  And  among  Mammalia  and  Birds,  there  are  many 
species  which  are  adapted,  by  peculiaritieti  of  conformation,  to  sustain  a  dcpriva- 
ttoii  of  air  for  much  more  than  the  average  period."  Excluding  these,  it  may  be 
stated  as  a  general  fact,  that,  if  a  warm-blooded  animal  in  a  state  of  activity  be 
deprived  of  (espiratory  power,  its  muscular  movements  (with  the  exception  of  the 
contraction  of  the  heart)  will  cease  within  five  minutes,  often  within  three;  and 
that  the  circulation  generally  fails  within  ten  minutes. — Many  persons,  however, 
are  capable  of  sustaining  a  deprivation  of  air  for  two,  three,  or  even  four  minutes,' 
without  insensibility  or  any  other  injury  ;  but  tins  power,  wbioh  seems  posHesscd 
to  the  greatest  degree  by  the  divers  of  Ceylon,  can  only  be  acquired  by  habit. 
The  period  during  which  remedial  means  may  be  puccessful  in  restoring  the 
activity  of  the  vital  and  animal  functions,  is  not,  however,  restricted  to  this. 
There  is  one  well-authenticated  case,  in  which  recovery  took  place  after  a  con- 
tinuous submersion  of  fifteen  minutes,"  and  many  others  are  on  record,  of  the 
revival  of  drowned  persons  after  an  inter\-al  of  half  an  hour,  or  even  more ;  but 
there  ie  not  the  same  certainty  in  regard  to  these,  that  the  individuals  may  not 
have  occafiioaally  risen  to  the  surface  and  taken  breath  there.  It  is  not  impro- 
bable, however,  that  in  some  of  these  cases  a  state  of  Syncope  had  come  on  at  the 
moment  of  immersion,  through  the  influence  of  fear  or  other  mental  emotion, 
ooacussion  of  the  brain,  &c. ;  bo  that,  when  the  circulation  was  thus  enfeebled, 

'  Thus,  the  Cetacea  contain  far  more  blood  in  their  Teasels,  than  do  any  other  Mmn- 
nalia ;  and  these  vessela  are  eo  arranged,  that  both  arteries  and  veins  ar«  in  connection 
with  largq  regerroira  or  diTerticula.  Tho  reseryoira  belongiog  to  the  former  are  usuallj 
full;  but  when  the  Whale  remains  long  under  water,  the  blood  which  they  contain  ia  grm- 
dually  iutroduced  into  the  uircalatioit,  and,  after  becoming  veaouB,  accumulates  in  the 
reservoirs  connected  with  the  venous  «j-Btem.  By  means  of  this  provision,  tbe  Whale  can 
remain  under  water  for  more  than  an  hour, 

*  Dr.  Hutchinson  states  that  any  man  of  ordinary  '  vital  capacity*  can  pass  two  mioBtaa 
without  brenthvng,  if  he  first  makes  five  or  six  forcible  inspirations  and  expirations,  to  aa 
to  cleanse  tlie  lunga  of  the  old  air,  and  then  fills  his  chest  as  completely  as  he  can.  '•  For 
the  first  15  aeconds,  a  giddiness  will  be  experienced  \  but  when  Ibis  leaves  us,  we  do  not 
feel  the  slightest  InconvenieDoe  for  want  of  air.  (See  "  Cyclop,  of  AnaL  and  Phys.," 
vol.  iv.  p.  1000.) 

"  The  following  are  the  facts  of  this  case,  as  narrated  by  Marc  ("Manuel  d'Autopsie 
Csdav^rique  M^dico-Iy^gale,"  p.  105]  on  the  authority  of  Prater. — A  -woman  conricted  of 
infautioide  was  condemned  to  die  by  drowning.  This  punishment  was  formerly  inflicted  in 
Oermany  aceurdiug  to  the  now  obsolete  Caroiine  law,  the  culprit  being  itiotosed  in  a  sock 
with  a  cock  and  a  cat,  and  sunk  to  the  bottom  of  the  water.  In  this  instance,  the  woman,, 
after  having  been  submerged  for  a  quarter  of  an  hour,  was  drawn  up,  and  tpontanroutltf 
recovered  her  senses.  She  stated  that  she  had  become  insensihle  at  the  moment  of  her 
submersion;  a  circumstance  which  adds  considerable  weight  to  the  supposition,  based 
upon  the  post.morlem  appearances  in  many  oases  of  drowning,  that  death  often  takes  place 
as  much  by  Syncope  (or  primary  failure  of  the  heart's  action,  consequent  upon  sudden  and 
violent  emotion,  or  upon  physical  shock)  as  by  A.>tphyxta.  If  the  reality  of  this  state  of 
Syncopal  Asphyxia  be  admitted,  there  does  not  neent  any  ader]uate  reason  for  limiting  tbo 
possible  persistence  of  vitality  in  a  Buhmerged  body,  even  to  half  an  hour;  especially  if 
the  tamp eratur«  of  the  water  be  such  as  not  to  cause  any  rapid  abstraction  of  its  heat 
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the  deprivation  of  air  would  not  havo  the  same  injurious  effect,  as  when  this 
function  was  in  full  actirity.  The  case  would  then  closely  reaeinble  that  of  a 
hyberoating  animal;  for  in  both  iDStances  the  being  might  be  said  to  live  very 
slowly,  and  would  therefore  not  require  the  usual  amouut  of  respiration.  The 
condition  of  the  still-bom  infant  is  in  some  respects  the  same;  and  rc-anim»tioa 
has  been  successfully  attempted,  when  nearly  hnlf  an  hour  had  intervened  between 
birth  and  the  employment  of  resuscitating  means,  and  when  probably  a  much 
longer  time  had  elapsed  from  the  period  of  the  suspension  of  the  circulation. 

327.  It  has  now  been  sufficiently  proved,  both  by  experiment  and  by  patholo- 
gical observation,  that  the  first  effect  of  the  aon-arterialization  of  the  blood  in  the 
Sngs,  is  tho  retardation  of  the  fluid  in  their  capillaries  ;  of  which  the  accumula- 
tioa  in  the  venous  system,  and  the  deficient  supply  to  the  arterial,  are  the  neces- 
mxy  consequences.  It  is  some  time,  however,  before  a  complete  stagnation  takes 
place  from  this  cause;  since,  as  long  as  the  proportion  of  oxygen  which  remains 
ID  the  air  in  the  lungs  is  considerable,  and  that  of  the  carbonic  acid  is  small,  so 
long  will  some  imperfectly-arterial i zed  blood  finds  its  way  back  to  the  heart,  and 
be  transmitted  to  the  system.  ThiA  blood  exerts  a  depressing  influence  upon  tho 
nervous  centres,  which  is  aided  by  the  diminution  that  gradually  takes  place  in 
the  quantity  of  blood  propelled  to  them ;  and  thus  the  powers  of  the  Sensorial 
centres  are  suspended,  so  that  the  individual  becomes  unconscious  of  external 
impressions ;  whilst  the  activity  of  the  Medulla  Oblongata  also  becomes  dimi- 
nisned,  so  that  the  respiratory  movements  are  enfeebled.  The  progressive  ex- 
haustion of  the  oxygen  of  the  air  in  the  lungs,  and  the  accumulation  of  carbonic 
acid  in  the  blood,  increase  the  obstruction  in  the  pulmonary  capillaries;  hns  and 
less  blood  is  delivered  to  tho  systemic  arteries,  and  what  is  thus  transmitted 
becomes  more  and  more  venous;  the  nervous  centres  are  now  completely  pra- 
lyxed,  and  the  respiratory  movements  cease ;  and  the  deficient  supply  of  blood, 
with  the  depravation  of  its  quality,  act  injuriously  upon  the  muscular  system  ako, 
and  especially  weaken  the  contractility  of  the  heart.  In  this  enfeebled  state,  the 
final  cessation  of  its  movements  seems  attributable  to  two  distinct  causes,  acting 
on  the  two  sides  respectively;  for  on  the  right  side  it  is  the  result  of  the  over- 
distension of  the  walls  of  the  ventricle,  owing  to  the  accumulation  of  venous 
blood ;  and  on  the  left  to  deficiency  of  the  stimulus  necessary  to  excite  the  move- 
ment, which  is  no  longer  sust^iined  by  its  spontaneous  motility  (§  242).  The 
heart's  contractility  is  not  finally  lost,  however,  nearly  as  soon  as  its  movements 
cease;  for  the  action  of  the  right  ventricle  may  be  renewed,  for  dome  time  after 
it  has  stopped,  by  withdrawing  a  portion  of  its  contents, — either  through  the  pul- 
monary artery,  their  natural  chanueK — or,  more  directly,  by  an  opening  made  in 
ltd  own  parietes,  in  the  auricle,  or  in  the  jugular  vein  (§  247).  On  the  other 
hand,  the  left  ventricle  may  be  again  set  in  action,  by  renewing  its  appropriate 
stimulus  of  arterial  blood.  Hence,  if  the  stoppage  of  the  circulation  have  not 
been  of  too  long  continuance,  it  may  be  renewed  by  artificial  respiration ;  for  the 
replacement  of  the  carbonic  acid  by  oxygen  in  the  air-oells  of  the  lungs,  restores 
the  circulation  through  the  pulmonary  capillaries;  and  thus  at  the  same  lime 
relieves  the  distension  of  the  right  ventricle,  and  conveys  to  the  left  the  due 
stimulus  to  its  actions. — Of  the  mode  in  which  the  Pulmonary  circulation  is  thus 
stagnated  by  the  want  of  oxygen,  and  renewed  by  its  ingress  into  the  lungs,  no 
other  consistent  explanation  can  be  given,  than  that  which  is  based  on  the  doc- 
trine already  laid  down  in  regard  to  the  capillary  circulation  in  general  (§  275) ; 
namely  that  the  performance  of  the  normal  reaction  between  the  blovid  and  thn 
Burrounding  medium  (whether  this  be  air^  water,  or  solid  organized  tissues)  is  a 
ooodition  necessary  to  the  regular  movement  of  the  blood  through  the  extreme 
Teasels.  That  no  mechanical  impediment  to  its  passage  is  created  (as  some  have 
tnaintained)  by  the  want  of  distension  of  the  lungs,  has  been  fully  proved  by  tho 
ezpenmeats  of  Dr.  J.  Reid  on  the  induction  of  Asphyxia  by  the  respiration  of 
tiote.     And  that  a  contraction  of  the  small  artenes  and  capillaries^  under  the 
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Btiraulus  of  venous  blood  cannot  be  legitimately  assigned  aa  tbe  caaee  of  ibe 
obatnu'tion,  is  evi^lent  from  the  consideration  brought  to  bear  upon  it  bj  the  samo 
excellent  experimenter ;  namely,  tbe  gvdtfenuegs  with  wbicb  the  flow  is  reneweiJ 
on  the  ndmisaion  of  oxygen,  as  contrasted  with  the  alcntness  with  which  arteries 
dilute  after  the  removal  of  the  cause  of  their  contraction  (§  256).' 

328.  It  cannot  be  necessary  here  to  dwell  upon  tbe  fact,  that  by  the  repeated 
passage  of  the  same  air  through  tbe  lungs,  it  may,  tboagh  originally  pure  and 
wholesome,  be  so  strongly  impregnated  with  carbnmc  acid,  and  may  lose  so  moch 
of  its  oxygon,  as  to  be  rendered  utterly  unfit  for  the  continued  maintenance  of 
the  aerating  process ;  so  that  the  individual  who  continues  to  respire  it,  shortly 
boooraes  nsphyxiatod.  There  are  several  well-known  cases,  in  which  the  speedy 
death  of  a  number  of  persons  confined  together,  has  resulted  from  neglect  of  the 
most  ordinary  precautions  for  supplying  them  with  air.  That  of  the  "  Black 
Hole  of  Calcutta,"  which  occurred  in  1756,  has  acquired  an  unenviable  pre- 
eminence, owin»  to  the  very  large  proportion  of  the  prisoners, — 123  out  of  146, 
— who  died  dunng  one  ikujh^s  confinement  in  a  room,  18  feet  square,  only  pro- 
vided with  two  small  windows;  and  it  is  a  remarkable  confirmation  of  the  views 
formerly  stated  (§  226),  and  presently  to  be  again  adverted  to,  that  of  the  23  who 
were  found  alive  in  the  morning,  muny  were  subsequently  cut  off  by  '  putrid 
fever.'  Such  catastrophes  have  occurred  even  in  this  country,,  from  time  to  time, 
though  usually  upon  &  smaller  scale ;  there  has  happened  one  at  no  distant  date, 
however,  which  rivalled  it  in  magnitude.  On  the  night  of  the  first  of  December, 
1848,  the  deck-pasaengera  on  board  tbe  Irish  steamer  Londonderry  were  ordered 
below  by  the  Captain,  on  account  of  the  stormy  character  of  the  weather;  and 
although  they  were  crowded  into  a  cabin  far  too  small  for  their  accommodation, 
the  hatches  were  closed  down  upon  them.  The  consequence  of  this  waa,  that 
out  of  150  individuals,  no  fewer  than  70  were  suffocated  before  tbe  morninc- 

3U9.  It  cannot  be  too  strongly  impressed  upon  the  Medical  practitioner,  bow- 
ever,  and  through  him  upon  the  Public  in  general,  that  the  continued  respiration 
of  an  atmosphere  charged  in  a  far  inferior  degree  with  the  exhalations  from  the 
Lungs  and  Skin,  is  among  the  most  potent  of  all  the  *  predisposing  cauues'  of 
diseaM,  and  especially  of  those  zt/motic  diseases  whose  propagation  seems  to 
depend  upon  the  presence  of  fertnentible  matter  in  the  olood.  That  such  is 
really  the  fact,  will  appear  from  evidence  to  be  presently  referred  to;  and  it  is 
not  difficult  to  find  a  complete  and  satiafiictory  explanation  of  it.  For,  as  the 
presence  of  even  a  small  per  centagc  of  carbonic  acid  in  the  respired  air,  is  suffi- 
cient to  cause  a  serious  diminution  in  the  amount  of  carbonic  acid  thrown  off  and 
of  oxygen  absorbed  (§  313),  it  follows  that  those  oxidating  processes  which  min- 
ister to  the  elimination  of  effete  rantter  from  the  system,  must  be  imperfectly  per- 
formed, and  that  an  accumulation  of  substances  tending  to  putrescence  must 
take  pJaco  in  the  b!ood.  Hence  there  will  propably  be  a  considerable  increase  in 
the  amount  of  such  matters  in  tbe  pulmonary  and  cutaneous  exhalation;  and  tbe 
■unrenewed  air  will  bocomo  charged,  not  only  with  carbonic  acid,  but  also  with 
organic  matter  in  a  state  of  decomposition,  and  will  thus  favour  the  accumulation 
of  both  these  morbific  substances  in  the  blood,  instead  of  effecting  that  constant 
and  complete  removal  of  them,  which  it  is  one  of  the  chief  ends  of  the  respiratory 
process  to  accomplish. — It  has  been  cuBtomary  to  eooaider  the  eonsequenocs  of 
imperfect  re.>4ptration,  as  being  exerted  merely  in  promoting  an  accumulation  of 
oarbonic  acid  in  the  system,  and  in  thus  depressing  the  vital  powers,  and  ren- 
dering it  prone  to  the  attacks  of  disease.     But  the  deficiency  of  oxygenation,  and 

'  For  ft  fuller  diiiaus»i(M>  of  the  pathology  of  Asphyxia,  ne  the  "  Cyclop,  of  Anat.  and 
Phys.,"  art.  'Aspbjxia,'  by  Prof.  Alison;  the  ••Library  of  PnMtioal  Medicin*,"  vol.  Hi. 
ftTL  'Asphyxia,"  by  the  Auihor;  the  Expericaeatal  Essay  by  Dr  J.  R«iJ,  'Oo  tbo  Order 
of  Suocesafoit  in  whiclt  tho  Vital  Actions  are  arrested  in  Aapbyxio,'  in  the  "Ediob.  M«iL 
and  Surg.  Journ."  11^41,  and  in  his  "  Anat.,  Physiol.,  and  Pathol.  Kcsearches;"  and  the 
Experimental  Inquiry  by  Mr.  Eriohsen,  in  tbo  "  Ediob.  Med.  and  Surg.  Joum.,"  1845. 
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the  consequent  iocrease  of  putrescent  matter  in  the  boJy,  must  bo  sdniitted  as  at 
least  a  coocurreDt  agency;  and  when  it  is  borne  in  mind  that  the  atmosphere  in 
which  a  number  of  persona  have  been  conGned  for  oofiie  time,  becomes  actually 
ofFeDsive  to  the  smell  in  consequence  of  the  accumul&tion  of  such  exhalations, 
and  that  (aa  will  presently  appear)  this  accumulation  exerts  precisely  the  same 
influence  upon  the  spread  of  z^'motic  disease,  as  that  which  is  afforded  by  the  dif> 
fusion  of  a  aewer-atmosphere  through  the  respired  air,  it  scarcely  admits  of  rea- 
sonable doubt,  that  the  pernicious  effect  of  overcrowding  is  exerted  yet  more 
through  its  tendency  to  promote  putrescence  in  the  system,  than  through  ihe 
obstruction  it  creates  to  the  due  elimination  of  carbonic  acid  from  the  blood. 
For  it  is  to  be  remembered,  that  whilst  the  complrte  oxidation  of  the  effete  matters 
trill  carry  them  off  by  the  lungs  in  the  form  of  carbonic  acid  and  water,  leaving 
urea  and  other  highly-axotized  products  to  puss  off  by  the  kidneys,  an  imperfect 
oxidation  will  only  convert  them  into  those  peculiarly  offensive  products  which 
ohmracterize  the  fsecal  excretion  (§  118).' 

330.  Of  the  remarkable  tendency  of  the  Respiration  of  ao  atmosphere  charged 
with  the  emanadona  of  the  Human  body,  to  favour  the  spread  of  Zymotic 
diseaAes,  a  few  characteriiitic  examples  will  now  be  given.  —  All  those  wlio  have 
had  the  widest  opportunities  of  studying  the  conditions  which  predispose  to  the 
invasion  of  Cholera,  are  agreed  that  overrrowfUng  is  amoog  the  most  potent  of 
these  ;  and  from  the  numeroos  cases  in  which  this  was  most  evident,  contained  in 
the  "  Report  of  the  General  Board  of  Health  "  on  the  epidemic  of  1848-9,  the 
two  following  may  be  selected.  —  In  the  fiiituuin  of  1849,  a  sudden  and  violent 
outbreak  of  Cholera  occurred  in  the  Workhouse  of  the  town  of  Taunton  j  no 
ease  of  oholcni  having  either previouRly  existed,  or  subsequently  presenting  itself, 
among  the  inhabitants  of  the  town  in  general,  although  diarrhtea  was  prevalent 
to  a  considerable  extent.  The  building  wa^  altogether  badly  constructed,  and 
the  ventilation  deficient ;  but  this  was  especially  the  case  with  the  school-rooms, 
there  being  only  about  68  cubic  feet  of  air  for  each  girl,  and  even  less  for  the 
boys.  On  Nov.  3,  oue  of  the  inmates  was  attacked  with  the  disease ;  in  ten 
minutes  from  the  time  of  the  seizure,  the  sufferer  passed  into  a  state  of  hopaless 
eoUapfle;  within  the  space  of  forty-eight  hours  from  the  first  attack,  42  cases  and 
'19  deaths  took  place;  and  in  the  course  of  one  week,  60  of  the  inmates,  or 
Dearly  22  per  cent,  of  the  entire  number,  were  carried-off,  while  almost  every  one 
of  the  survivors  suffered  more  or  less  severely  from  cholera  or  diarrhoea.  Among 
the  fatal  cases  were  those  of  25  girls  and  9  boys;  and  the  comparative  immunity 
of  the  latter,  notwithstanding  the  yet  more  limited  dimensions  of  their  school- 
rooms, affords  a  remarkable  confirmation  of  the  general  doctrine  here  advanced ; 
for  we  learn  that,  although  '^  good  and  obedient  in  other  respects,  they  could  not 
be  kept  irom  breaking  the  windows,"  so  that  many  of  them  probably  owed  their 
lives  to  the  better  ventilation  thus  established.  Now  in  the  Gaol  of  the  same 
town,  in  which  every  prisoner  is  allowed  from  819  to  935  cubic  feet  of  air,  and 
this  is  continually  being  renewed  by  an  efficient  system  of  ventilation,  there  was 
Dot  the  slightest  indication  of  the  epidemic  influence  (Op.  cit.,  pp.  37  and  71). 
— The  other  case  to  be  here  cited,  is  that  of  Millbank  Prison,  in  which  the  good 
effects  of  the  diminution  of  previous  overcrowding  were  extremely  marked.  In 
the  month  of  July,  1849,  when  the  epidemic  was  becoming  geaeral  and  severe 
in  the  Metropolis  (especially  in  those  low  iU-drained  parts  on  both  sides  of  the 
river,  in  the  midst  of  which  this  prison  is  situated),  the  number  oi  male  prisoners 
was  reduced,  by  the  transfer  of  a  large  proportion  of  them  to  Shomcliff  barracks, 

•  It  is  a  remarkable  confirmfttioD  of  Prof.  Liebig's  aii&loi^  between  the  imperffct  otiila- 
tion  of  effete  matters  wittiio  tbe  body,  and  that  ootDbustion  in  a  lamp  or  Turnace  iasuffi 
cieotlj  snpplied  with  »ir  which  cauaea  a  deposit  of  Boot  and  vnriouB  cmpjrreumatio  pro- 
ducts, that  a  set  of  acids  hare  been  found  by  Stadeler  in  tbe  urine  of  the  cow,  bearing  n 
remarkable  saalogT  to  well-known  produota  of  defltructive  dislillatioo,  and  one  of  them 
actually  identical  with  tbe  carbolic  acid  previously  known  as  one  of  the  utgredieDta  of  emoka 
—S—  Prof.  Oregory'a  "  Uaadbook  of  Urganio  Chemistry,"  p.  460. 
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from  1039  to  402  ;  the  number  of  female  prisoner?,  on  the  other  hand,  not  only 
underwent  no  reduction,  but  was  augmeoted  from  120  to  131.  Now  the  Cholem 
mortality  of  London  generally,  which  was  09  per  1000  in  Jane  and  July,  I'n- 
crtoMed  to  4*5  per  1000  in  August  and  September;  and  the  mortality  among  the 
female  prisoners  underwent  a  similar  incrmtie,  from  8-3  to  534  per  1000;  but 
the  mortality  among  the  male  prisonera  exhibited  the  extraordinary  dtminutian, 
from  23  1  per  1000,  which  was  its  rate  during  June  nnd  July  when  the  prison 
was  crowded,  to  9-9  per  1000,  which  was  its  rate  during  Aug^I9t  and  September 
after  the  reduction  had  taken  place  (Op.  cit.,  App.  B.,  p.  67).  It  is  scarcely 
posHiblc  to  ima<^ne  a  more  probative  case  than  thia;  since  it  shows,  in  the  first 
place,  the  marked  influence  of  the  crowded  state  of  iLe  prison  upon  the  fatality 
of  the  disease, — secondly,  the  diminution  of  mortality  among  the  male  prisonem, 
consequent  upon  the  relief  of  tbe  overcrowd iop,  notwithstanding  the  quintuph'n^ 
of  tbe  genend  mortality  of  the  Metropolis  during  the  same  period, — and  thirdly, 
the  yet  greater  increase  of  mortality  among  the  female  prisoners,  which  proved 
that  the  diminution  among  tbe  males  could  not  be  attributed  to  any  recession  of 
the  epidemic  influence  from  the  locality. 

331.  The  cholera-experience  of  tbe  Indian  army  ia  fertile  in  examples  of  the 
Fame  kind,  whose  peculiar  character  utnkcs  them  even  more  remarkable.  It  is 
to  be  remembered  that  the  normal  amount  of  Respiration  ia  much  lower  in  m  hot, 
than  in  a  temperate  climate  (§§  156,  316  l);  consequently,  any  deficiency  of 
oxygenation  will  tend  in  a  yet  higher  degree  to  promote  the  accumulation  of 
putrescent  matter  in  tbe  system,  and  this  especially  when  there  has  been  any 
unusual  source  of  '  waste,'  gucb  as  that  induced  by  excessive  muscular  exertion. 
—The  circumstances  attendant  upon  the  outbreak  of  Cholera,  in  1840,  at  Kur- 
racbec  in  Scinde,  in  which  ten  per  cent,  of  an  army  of  6380  men  were  carried- 
ofi",  place  the  iufluenee  of  these  conditions  in  a  very  striking  point  of  view.  In 
order  that  the  comparison  may  bo  fairly  made,  the  data  specified  in  the  following 
Table  will  be  taken  only  from  European  regiments,  similar  to  each  other  in  diet, 
clothing,  regimen,  habits,  and  every  other  conceivable  particular,  save  such  as 
will  be  mentioned  : — 


Degignmtiofi. 

StnugttL 

Death!. 

l^eriooq. 

at  I>FiU,  Ac 

for  R«*pLral1on. 

crertimi. 

Officers'  L&dici.. 
Officers  ............ 

Horse  Brigade... 

fiOtb  Rifles 

Artillery 

Bombay  Fusiliera 
Suldiera'  Wives... 
Do.  of  seth  Regt. 
Stith  Regimeat... 

42 
200 

laa 

980 
875 
764 
169 

1091 

0 

8 

6 

75 

87 
88 
23 

288 

0 
16 

87 
76.5 
ftO-6 
108-6 
144-6 
16B-6 
218 

Nil 
Ordinary 
Ordinary 
Ordinary 
Ordinary 
Ordinary 

Nil 

Nil 
Ordinary 

Good 

Mostly  good 

Good 

Bad 

Good 

Very  bad 

Mostly  very  bad 

V'ery  bad 

Very  bad 

NU. 

Nil  or  slight 

Moderate. 

NIL 

Serere. 

Nil. 

Portly  seTere 

Very  severe. 

Very  severe. 

8746 

464 

1*24, 

Now  most  of  the  Officers,  and  all  the  Ladies,  were  quartered  in  well-ventilaled 
apartments;  and  the  only  predisposing  cause  from  which  the  former  could  be 
considered  as  liable  to  suffer,  was  the  exposure,  in  common  with  the  soldiers,  to 
the  burning  heat  during  the  hours  of  drill.  Of  the  9  ofiicers  attacked  with 
cholera,  of  whom  3  died  (only  one  of  the  fatal  cases  being  an  uncomplicated 
one),  4  belonged  to  the  Bombay  Fusiliers,  and  had  been  living  (like  their  men) 
in  teats.  The  Horse  Brigade  were  lodged  in  good  borracks,  but  had  recently 
come  off  a  march  of  1000  miles  j  being  mounted,  however,  they  must  have 
Huffcrefl  comparatively  little  fatigue  from  this.  The  60th  Rifles  were  quartered 
in  barracks ;  but  the  ventilation  of  these  was  very  imperfect,  and  the  men  wer? 
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much  crowded.  The  battalions  of  Artillery  were  quartered  in  good  barracks  j 
but  three  out  of  the  four  bad  recently  made  the  march  of  1000  miles  on  foot. 
The  Bombay  Fasiliers  were  quartered  in  tcnta,  whose  accommodation  was  so 
limited,  that  10  or  12  men  were  coopcd-up  in  a  space  14  feet  square,  with  the 
thermometer  raoginp  from  96'^  to  100",  and  without  any  adequate  provision  for 
ventilation.  The  86th  Regiment  was  quartered  in  precisely  the  same  manner ; 
and  had  recently  made  the  march  of  1000  mites  under  very  unfavoamble  cir- 
curastaooes,  besides  having  prcvioualy  sufTi-red  fmm  tbc  debilitating  influence  of 
sorere  service.  The  condilion  of  the  Soldiers'  Wives  as  regards  their  accommo- 
dation would  be  the  same  us  that  of  their  husbands,  but  they  would  not  be  sub- 
jected to  the  fatigue  and  exposure  of  drill ;  on  the  other  band,  their  fatigue  and 
expoflore  during  a  march  would  be  scarcely  inferior  to  that  of  the  men;  and  it 
irai  among  the  women,  aa  auiong  the  8oIdierit,  of  the  8Gth  Regiment,  that  the 
chief  mortality  occurred,  their  loM  having  been  1  in  6  or  16G-6  per  1000. — 
TbnB  we  see  that  the  hujhnt  rate  of  mortality  presents  itself,  where  the  three 
caosefl  were  in  concurrent  action ;  the  ahtuncc  of  mortality,  where  neither  of 
them  was  in  operation.  The  difference  between  the  mortality  of  the  Bombay 
Fusilier*  (108-6  per  1000)  and  that  of  the  8Gth  Regiment  (ill 8  per  1000), 
which  were  under  precisely  the  same  conditions  hs  regards  exposure  and  ventila- 
tion, shows  the  extraordinary  influence  of  previous  exertion  ;  but  that  this  would 
not  of  it^lf  account  for  the  high  rate  of  mortality  in  the  86th,  is  shown  by  the 
smaller  proportion  of  deaths  in  the  Artillery;  the  influence  of  the  same  march 
upon  three  out  of  its  four  battalions,  having  been  in  a  great  degree  kept-Jown 
by  the  adequate  provision  for  their  rt\spinition,  so  that  their  mortality  was  less 
than  that  of  the  Bombay  Fusiliers,  who  had  not  suffered  from  previous  exertion, 
but  were  over-crowded  in  ill-vcntilaled  tents.  — It  is  scarcely  possible  to  imagine 
»oy  more  satisfactory  proof  of  the  pnvaitibif it i/  of  a  large  part  of  this  terrible 
mortality,  than  is  afforded  by  the  analysis  of  thi.s  case; '  but  if  any  continuation 
be  required,  it  is  afforded  by  the  case  of  Belkiry,  a  fortress  about  260  miles  north- 
west of  Madras.  Although  by  no  mean.s  unhealthily  situuted,  this  station  was 
not  five  from  Cholera  for  a  single  year  between  1818  and  18-1-4;  and  violent  out- 
breaks took  place  occasionully,  such  as  that  of  1839,  in  which  the  3'Jtb  Regi- 
ment was  reduced  in  five  munth.4  from  735  men  to  045,  the  number  of  deaths 
being  90,  or  122}  per  lOOO.  The  barrack -accommodnti on  in  this  fort  was  ex- 
tremely insufficient  for  the  gnrriaou  regularly  quartered  in  it;  yet  small  as  it 
was,  it  waa  occasionally  encroacbed-upon  still  further  by  the  introduction  of 
troops  upon  their  march ;  and  after  such  occasions  of  special  overcrowding,  a 
large  increase  in  the  mortulity  almost  invariably  occurred.  But  since  the  barrack- 
accommodation  has  been  ituprovcd,  the  troops  quartered  at  Bellary  have  ceased 
to  suffer  from  Cholera  in  any  exceptional  degree,  and  the  ordinary  rate  of  mor- 
tality has  been  considerably  diminished. 

332.  The  only  condition  of  Biuiofsphere  which  con  be  compared  with  that 
arising  from  overcrowding,  in  its  effect  upon  the  spread  of  Cholera,  is  that  pro- 
duced by  the  diffusion  of  tbe  effluvia  of  drains,  sewers,  slaughter-houses,  manure- 
manufactories,  Ac,  which  corrcppr^nd  closely  in  their  nature  and  effects  with  the 
putrescent  emanations  from  the  living  human  body.  So  remarkably  has  the 
localization  of  the  disease  shown  itself  to  be  connected  with  this  condition,  that 
the  knowledge  of  tbe  existence  of  the  latter  makes  it  safe  to  predict  the  former; 
such  a  prediction  being  scarcely  ever  falsified  by  the  result.  —  As  a  characteristic 
illustration  of  the  operation  of  this  cause,  the  outbreak  of  Cholera  at  Albion 
Terrace,  Wandeworth-road,  in  1849,  may  be  specially  refcrred-to.  This  place 
consisted  of  17  houses,  having  the  appearance  of  commodious  middle-clasa  dwell- 
ings; the  population  dtie8  not  seem  to  have  averaged  more  than  7  indlvidunlti 
per  house,  so  that  there  was  no  overcrowding;  yet  out  of  tbe  total  119  or  120, 

*  For  a  fuller  statement  of  it,  see  the  "  Brit  and  For.  M«d.-Cliir.  Rev.,"  vol.  li.  pp 
81—89. 
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no  fewer  than  42  persona  were  attacked  with  cholera,  of  whom  30  (or  25  per  6ent.) 
died.  It  woB  not  difficult  to  account  for  this  fearful  result,  when  the  circunirtao* 
c€8  of  the  oaae  were  inquired-into.  About  200  yards  in  the  rear  of  the  terraw 
waa  an  open  aewer,  wbu^e  effluvia  wore  uio»t  offt^nsivc  at  the  backs  of  these 
hoaaea,  whenever  the  wind  wafted  theiu  in  that  direction;  and  the  drainage  of 
the  houses  themselves  was  so  bad,  that  a  stench  was  continually  perceived  to 
arise  from  different  parts  of  the  kitchen-flnnr,  and  more  especially  from  the  baek- 
kitohen.  Moreover,  in  the  h^use  in  which  the  first  case  of  cholera  occurred, 
there  was  an  enormous  accumulation  of  nit)st  oflfenslve  rubbish,  exhaling  a  putrid 
efflavium.  And  there  was  also  reason  to  believe,  that  the  water  supplied  to  s^me 
of  tbe  bouses  had  accidentally  become  contaminated  with  the  contents  of  a  sower 
and  cess-pool.' — The  accumulation  of  niplit-soil  and  other  rubbish  in  a  trianpular 
space  of  about  three  acres  in  Withani,  a  suburb  of  Hull,  had  been  represented 
to  the  local  aatborities  as  almoftt  certain  to  induce  a  severe  outbreak  of  cholera 
in  the  neighbourhood  j:  the  pri'diction  was  disregarded ;  but  it  was  most  fearfully 
verified  by  the  occurrence  of  no  fewer  than  91  deaths  in  its  immediate  neighbour- 
hood.'— Numerous  exnraples  of  the  same  kind  might  be  cited  ;  but  the  foUowiag 
shows  the  efficacy  of  preventive  measures.  Tbe  Coldbath-fields  House  of  Cor- 
rection, situated  in  the  neighbourhood  of  sonje  of  the  most  overcrowded  and  ill- 
drained  parts  of  the  metropolis,  had  suffered  severely  from  Cholera  in  tho 
Bpideniic  of  1832-3;  for  out  of  1148  prisoners,  207  were  attacked  with  cholera, 
af  whom  45  died,  and  319  more  suffered  from  dtarrhcea.  At  that  period,  how- 
ever,  it  was  discovered  that  the  wbole  drainage  of  the  prison  was  in  a  moet  defec- 
tive state,  and  steps  were  taken  to  have  it  completely  and  effectually  renewed  ;  at 
the  same  time  the  diet  was  eoniowhat  improved,  and  more  attention  was  piaid  to 
teraperaturo  and  ventilatiou.  In  the  epidemic  of  1848—9,  with  1100  pri.«oncr«, 
there  was  not  a  single  case  of  ctiolera  in  this  prison,  ahbougb  the  disease  waa 
raging  in  ita  vicinity;  and  the  cases  of  diarrhoea  were  few  in  number,  and  were 
mild  in  tlieir  character.* 

333,  The  Cholera-esperience  of  the  United  States  during  the  Epidemic  of 
1849-50,*  afforded  some  of  the  most  striking  examples  that  have  bt-en  anywhere 
displayed,  both  of  the  dire  effect-*  of  neglect,  and  of  the  complete  efficacy  of  pre- 
ventive meaanrea^  The  contrast  is  well  shown  in  the  manner  in  which  the 
epidemic  affected  the  town  of  Louisville,  in  Kentucky;  which  is  situated  by  the 
Ohio  river,  on  a  plateau  about  70  feet  above  low-water  mark,  composed  of  sand 
and  rivor-gravel,  inteniiingled  with  tenacious  clay,  and  reposing  on  a  friable 
shale.  This  compound  is  peculiarly  tenncioua  of  moisture;  and  large  ponds 
formerly  existed,  in  the  midet  of  which  the  first  houses  were  built.  While  this 
state  of  things  continued,  Louisville  was  one  of  the  most  sickly  towns  in  the 
Mississippi  valley,  and  was  commonly  termed  "  the  graveyard  of  the  West." 
Intermitrent  fever  was  a  regular  visitant;  and  epidemics  of  fever  of  other  types 
frequently  raged  with  great  severity.  Thus,  in  tbe  summer  of  1822,  after  a  hot 
rainy  season,  232  persons  died  of  bilious  fever  out  of  a  population  of  about 
6000;  in  a  family  consiitiing  of  20  persons  I'J  were  sick  at  one  time,  and  in 
some  families  every  individual  died.  At  this  period,  only  one  street  in  Louis- 
ville was  paved;  and  witbin  its  limits  were  at  least  eight  ponds  of  greater  or 
less  dimensions,  most  of  which,  in  tbe  couri>c  of  the  autumn,  were  dried-up, 
exposing  foul  bottoms  to  the  sun.  Previously  to  the  Cholera-epidemic  of 
1832-3,  its.  condition  hud  been  somewhat  improved  ;  still  the  principal  part  of 
the  town  suffered  severfly.  Much  more,  however,  has  been  subsefiuently  effected ; 
BO  that  from  being  reputed  one  of  I'be  most  unheiiUhy  towns  in  tbe  west,  Louis- 

'  "Report  of  the  Genomi  Board  of  Health  on  the  Epidemic  Cholera  of  1848-9,"  p.  48. 

•  Op.  cit,  p.  46.  •  Op.  cit,  App,  a,  p.  CP. 

*  See  tbe  'Abstract  of  Report  bj  James  Wynne,  M.  D.,  on  Epidemic  Cholera,  as  it  pr»- 
railed  in  the  United  States  id  1649  and  1850;'  constituting  "Appendix  c  to  tha  Raport 
of  the  Qcneral  Board  of  Health  on  the  Epidemic  Cboteru  of  1848-0." 
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▼ille  has  come  to  be  esteemed  onf  of  the  most  healthy:  at  the  pame  time  ita 
popalation  has  increased  from  10.000  in  1830,  to  50,000  in  1S50.  Entire 
•qoarefl  are  nnw  pointed  out,  which  occupy  the  beds  nf  ponds  once  large  and 
deep  cDOUfrh  to  fl(»at  a  steambont.  Still  much  of  the  lower  part  of  the  city  is 
in  a  very  foul  condition ;  the  pround  on  which  it  is  bnilt  beinf»  satumted  with 
water  to  a  considernblc  depth  after  heavy  rains,  and  being  also  the  receptnele  of 
the  filthy  washings  of  (he  more  elevated  portion  ;  besides  having  many  nuisances 
of  its  own,  especinlly  accumulations  of  decaying  hemp-offal.  It  was  in  this  part 
that  Cholera  tirBt  made  its  appearance  in  1849,  in  the  identical  square  in  which 
the  earliest  cases  had  appeared  in  1f*S2;  and  to  this  pnrt  it  wua  almost  entirely 
restricted.  **  Thni^e  pfnrrg  in  Louixvillp,^'  says  the  Medical  Eeporter,  "  vhich 
Ifire  the  hmnt  of  the.  Choh.ra  in  1833,  and  tchich  Jiare  been  improved  to  as  to 
be  dry,  clrtrn^  and  airy,  have  been  as  free  from,  Cliulera  a»  from  the  oriental 
pfayue.  But  those  places  in  this  city  which  were,  scourged  in  1833,  and 
trhirh  rentoin  note  in  the  state  they  were  in  then,  have  been  tcourged  again  tVi 
184»-50." 

334.  A  yet  more  remnrkable  contrnst  is  presented  by  the  comparative  expe- 
rience of  the  City  and  of  the  Almshouse  of  Baltimore.  Durinp:  the  spring  of 
1840,  when  from  the  prevalence  of  Cholera  in  the  prent  towns  to  the  north,  it 
appeared  next  to  certain  that  the  epidemic  would  visit  Baltimore,  not  only  its 
public  authorities,  but  its  c»iizGn«  pencrally,  exerted  themselves  with  commenda- 
ble teal  to  ward-off  its  severity  by  active  measures  of  sanitary  purification. 
Although  in  many  respects  superior  to  the  average  of  large  towns,  Bulttmore  was 
by  no  nieads  fi*ec  from  those  collections  of  filth  invariably  found  to  a  greater  or 
leas  extent  among  the  mnst  degraded  portfun  of  (licir  population;  and  of  the 
evil  results  of  these,  the  constant  presence  of  typhoid  fever,  among  the  misera- 
bla  coloured  inhabitants  of  its  wr>r8t  localities,  had  long  furnished  a  staifding 
MOof.  Ihiring  the  summer  months,  when  the  city  was  completely  surrounded 
by  the  Choleraic  atmosphere,  drarrhcea  and  kindred  affections  became  very  preva- 
lent  in  Baltimore;  and  Dr.  Wynne  further  mentions,  as  of  nni versa!  oocurrenee 
in  those  who  had  not  a  positive  attack  of  diarrhoea,  "  an  undefinable  sense  of 
oppression,  not  amounting  to  pain,  over  the  whole  region  of  the  abdomen, 
reminding  the  person  conetantly  of  the  existence  of  such  a  part  of  the  body." 
This  state  of  things  impressed  the  Medical  authorities  with  the  belief  that  the 
Cholera-poison  was  bnioding  over  the  town,  and  that  an  outbreak  might  be  con- 
tinually expected.  Yet  it  entirely  pussed  away,  without  giving  rise  to  more  than 
ffAtr  attacks  of  genuine  tjholera;  two  of  these  being  in  the  persons  of  Gormans, 
who  occupied  a  wretched  tenement  in  a  very  filthy  condition ;  the  third  c&s^ 
being  that  of  a  man,  whose  slecptug  apartment  looked-out  upon  an  alley  which 
bad  been  suffered  to  remain  in  a  very  fowl  state ;  whilst  the  fourth,  which  oo- 
curred  in  the  largest  and  most  fashionable  hotel  in  the  city,  was  obviously  nli 
imported  case. — Yet,  as  if  for  the  very  purpose  of  demonstrating  that  the 
immunity  which  the  City  itself  enjoyed,  was  entirely  due  to  the  sanitary  pre 
cautions  which  ite  inhabitants  had  so  wisely  taken,  a  fearful  outbreak  of  (Cholera 
took  place  in  the  Almshouse,  only  two  miles  out  of  town,  which  proved  fatal  to 
99  persons  out  of  a  population  of  632,  or  nearly  one  in  sir  ;  and  it  was  only 
kept  within  this  limit,  by  the  promptness  with  which  the  sources  of  this  terrible 
mortality  were  removed  when  onoe  they  had  been  discovered. 

335.  The  circumstances  of  this  outbreak  were  so  peculiar,  as  to  need  a  some 
what  detailed  description. — The  main  building  of  the  Almshouse  was  originally 
the  country-seat  of  a  wealthy  citizen,  who  erected  a  costly  mansion  on  an  elevated 
site  which  he  h.nd  specially  chosen  for  its  beauty  and  healtbfulness  j  it  had  sub- 
Be<)aentJy  been  much  enlarged,  fur  the  accommodation  of  its  six  or  seven  hnndrctl 
inmates;  but  it  still  remained  entirely  isolated,  being  surrounded  by  a  farm  of 
200  a<*re«,  for  the  most  part  devoted*  to  cultivation.  Frotn  the  original  centre, 
two  principal  wings  extended  on  cither  side,  one  for  the  male  and  the  other  for 
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the  female  side,  fortnitig  &n  extensive  range  of  building,  whose  front  Uail  t 
southern  aspect,  wliilat  the  back  looked  towards  tbe  north.  Behind  this  were 
other  wioga  ninning  north  and  south,  with  Tarioas  offices,  spread  over  an  area 
of  about  4|  acres,  which  was  enclosed  by  a  wall.  Like  the  city  itself,  the  Alm»- 
house  had  received  a  thorough  purification,  under  the  superinteodeace  of  the 
Tisiting  physician  ',  whose  directionSj,  as  regarded  ventilation  and  internal  cleanli- 
neM,  seem  to  have  been  strictly  complied  with.  Nevertheless  an  unequivocal 
case  of  Cholera  presented  itself  on  July  Ist,  another  on  July  7tb,  four  more 
during  the  ensuing  week,  and  on  July  14th  thirteen  of  the  inmatea  were  attacked 
at  once.  AU  the  patients  were  old  ii>habitaata  of  the  establish ment,  and  had 
unequivocally  contracted  the  disease  on  the  spot  j  but  although  fully  impre«k»ed 
with  the  conviction  that  some  special  cause  must  exist  "for  this  rapidly-increasing 
mortality,  the  visiting  physician  did  not  succeed  in  detecting  it  until  the  19th, 
when  he  extended  his  survey,  for  the  first  time,  beyond  tbe  enclosure.  He  then 
discovered  that  the  whole  triangular  apace  included  between  ita  posterior  boun- 
dary-wull,  and  a  ravine  which  approached  within  nine  feet  of  its  western  angle, 
but  which  was  separated  from  it.s  eastern  angle  by  an  interval  of  about  seventy 
feet,  was  one  putrid  and  pcsttlefiltal  ma*8,  capable  of  generating,  under  the  ardent 
rays  of  a  midsummer  sun,  the  most  puisonous  emanations  ;  for  although  the  ravine 
was  admirably  adapted  to  carry-olf  the  drainage  of  the  establishment,  this  had 
never  been  properly  conducted  into  it;  the  overflowings  of  ces-spools,  pigsties, 
&c.,  having  heen  allowed  to  spread  themselves  over  the  intervening  area,  which 
tbey  kept,  of  course,  ia  a  state  of  constunt  pollution,  Bupcrficially  concealed  by  a 
rank  weedy  vegetation.  Some  diflBculty  v^aa  experienced  in  procuring  men  to 
remove  this  nuisance,  so  that  it  remained  untouched  till  the  23rd.  The  pools  of 
filth  were  then  dmiuad  by  trenches  into  the  ravine,  and  were  washed-out  by  a 
stream  of  fresh  water;  lime  was  spread  over  the  whole  eurfaee;  and  this  again 
was  covered  with  &  thick  layer  of  earth.  Tbe  men  employed  in  this  work  we 
attacked  with  Cholera,  but  recovered.  T/ie  day  after  it  teas  completed,  the  nui 
ber  of  cases  in  the  Almshouse  suddenly  dropped  from  dei-en  to  thrt^;  and  wilbm' 
a  fortnight  more,  tbe  disease  had  entirely  disappeared. — But  this  is  by  no  means 
all.  The  attacks  of  Cholera  were  far  from  being  unifyrnily  distributed  through 
the  building,  but  were  almost  exclufively  restricted  to  those  parts  of  it  which 
were  directly  exposed  to  tbe  emanations  conveyed  from  this  pestilential  spot, 
the  northerly  wind  which  blew  steadily  during  the  whole  time  of  tbe  prevalent 
of  the  disease.  Thus,  in  the  centre  building,  the  Manager,  who  flopt  in  a  roc 
looking  to  the  noWA,  was  attacked,  but  recovered  ;  among  hia  fwuiily,  whose  rooi 
looked  to  the  soitth,  no  case  of  the  disease  occurred.  Four  medical  students  wl 
occupied  rooms  beneath  that  of  the  Manager,  and  with  the  same  exposure,  wer 
attacked,  but  recovered ;  four  others,  lodged  in  similar  rooms  with  a  sonthem 
exposure,  entirely  escaped.  The  Apothecary  aud  coach-driver,  who  ocenpied 
rooms  in  the  men's  wing  with  windows  opening  to  the  north,  were  both  attacked, 
but  both  recovered.  Among  tbe  pauper  inmates  of  the  wings,  those  generally 
were  seised  who  slept  in  the  northern  wards;  and  it  was  observable  that  the  male 
side  suffered  generally  much  more  severely  than  the  female,  —  a  difference  not 
attributable  to  anything  in  the  building  or  its  inhabitants,  but  at  once  explained 
by  the  faet,  that  whilst  no  barrier  existed  between  the  male  side  and  the  putrid 
marsh,  the  female  wing  was  protected  from  tbe  pestilential  current  by  three  in- 
tervening rows  of  trees.'  On  the  female  side,  however,  a  building  ran  in  a  north 
and  south  direction,  of  which  the  lower  story  had  a  door  in  the  north,  opening 

*  Theee  prob»\>ly  acted  not  merely  mecbankftlly,  by  ohstructmg  the  current,  but  al!«<i 
ohemically  by  decomposing  or  oxidating  the  noiioos  emanationa.  For  it  hns  been  frequently 
remarked,  that  a  screen  or  belt  of  udkbrageouB  trees  effeptually  eccurps  the  dwellers  on  the 
borders,  and  even  on  the  leeward  Hide,  of  the  moat  pestiferoug  mar^he*.  from  the  effects 
of  their  maiaria.  Hov  far  they  have  tbe  san)#  mSnence  oa  animal  effluvia,  we  ar«  not 
Trt  in  a  position  to  stale. 
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qait«  Dear  the  putrid  marsh,  whilst  the  upper  stories  had  only  &  blank  wall  at 
this  end  J  this  lower  story  was  tenanted  by  teventeen  /«na/iV«,  alf  of  icfiom  were 
attacked  with  Cholera^  and  all  died,  whilst  QOt  a  single  attack  of  Cholera  took 
place  among  the  inmates  of  its  upper  stories.  And  in  addition,  it  wtts  noticed 
that  the  removal  of  the  Cholera  puticnts  to  the  ward  above  the  black  people's 
hospital,  where  the  miasmatic  inBuenee  was  entirely  nnobstructed,  was  attended 
with  a  marked  aggravation  of  their  malady. 

336.  Now  although  the  Cholera-epidemics  have  been  here  referred-to,  as  afford- 
ing the  most  remarkable  examples  of  the  influence  of  a  contaminated  atmosphere 
in  predisposing  the  individuals  habitually  living  in  it  to  the  invasion  of  Zymotic 
disease,  yet  the  evidence  is  not  less  strong  in  rcprard  to  the  uniform  prevalence 
of  ordinary  Fevers,  &c-,  in  the  same  localities;  the  places  in  which  CliolcrH  was 
the  most  severe,  having  been  almost  invariably  known  as  '  fever-nests'  in  other 
periods,  and  being  distinguished  by  a  very  high  rate  of  mortality.  Thus  the 
ayerage  age  of  all  persons  who  die  in  Witham,  is  only  18  years ;  whilst  the  average 
ftge  at  death  in  the  town  of  Hull  (itself  distinguished  by  an  unusual  brevity  of 
life)  is  23  years. — In  the  '  Potteries'  at  Kensington,  a  locality  in  which  filth  and 
overcrowding  prevail  to  an  almost  unecjualled  degree,  the  mortality  for  three 
years  previously  to  the  invasion  of  cholera  bad  been  auoL,  that  the  average  age 
at  death  was  only  11  yrs.  7  mo. ;  and  in  the  Jirst  leit  monffu  of  1849,  out  of  a 
population  of  about  1000,  there  were  50  deaths,  of  which  21  were  from  cholera 
and  diarrhoea,  and  29  from  typhus  fever  and  other  diseases.  It  is  illustrative  of 
the  common  points  between  cholera  and  other  zymotic  diseases,  that  the  former 
appeared  there  not  only  in  the  same  streets  and  in  the  same  houses,  but  even  in 
the  same  rooms,  which  had  been  again  and  again  visited  by  typhus;  and  there 
were  several  tenants  of  such  rooms,  who  only  recovered  from  fever  in  the  spring, 
to  fall  victims  to  oholera  in  the  summer.  Subsequently  to  this  epidemic,  the 
average  age  at  death  has  been  further  reduced,  by  an  increase  of  infantile  mot* 
talily,  to  as  low  as  10  years.  —  By  way  of  contrast,  it  may  be  stated  that  in  one 
of  the  •*  Model  Ixjdging-Ilooses,"  containing  about  550  inmates,  among  whom 
was  an  unusually  large  proportion  of  children,  the  rate  of  mortality  during  the 
three  years  ending  May,  1851  (including  the  whole  period  of  the  cholera-fpide- 
mic),  was  scarcely  more  than  20  in  1000;  the  proportion  of  deaths  under  ten 
years  of  age  was  only  half  that  of  the  metropolis  in  general ;  there  was  not  a 
single  attack  of  cholera,  and  there  were  only  a  few  cases  of  choleraic  diarrlicea, 
although  the  disease  was  raging  in  the  immediate  vicinity;  and  from  the  time 
that  the  sewerage  bad  been  put  into  complete  order,  typhus  fever  had  entirely 
disappeared,  a  few  cases  having  occurred  soon  af^er  the  opening  of  the  buildings, 
which  were  distinctly  traceable  to  a  defect  in  the  drainage.' — The  following  case 
may  he  added,  in  proof  of  the  potency  of  an  atmosphere  charged  with  putrescent 
emanations,  in  rendering  the  system  liable  to  the  attacks  of  Zymotic  disfeusies  of 
various  kinds.  A  manufactory  of  artificial  manure  formerly  existed  inimcdiately 
opposite  Christcburch  workhouse,  Spitalfields,  which  building  was  occupied  by 
about  400  children,  with  a  few  adult  paupers.  Whenever  the  works  were  acltvely 
carried-on,  particularly  when  the  wind  blew  in  the  direction  of  the  house,  there 
were  produced  numerous  cases  of  fever,  of  an  intnictable  and  typhoid  furm  ;  a 
typhoid  tendency  was  also  observable  in  measles,  small-pox,  and  other  infantile 
diseases,  and  for  some  time  there  prevailed  a  most  unmanageable  and  fatal  furm 
of  aphthae  of  the  mouth,  ending  in  gangrene.  From  this  last  cause  alone,  12 
deaths  took  place  among  the  infants  in  three  months.  In  the  month  of  Decem- 
ber, 1S48,  when  cholera  had  already  occurred  in  the  neighbourhood,  60  of  the 
children  in  the  workhouse  were  suddenly  seized  with  violent  diarrhoea  in  the 
early  morning.     The  proprietor  was  compelled  to  close  his  establishment,  and 

*  "Op.  cit,'*  App.  B.  pp.  48  and  77:  and  Mr.  Grainffcr'a  snheer^aent  "  RopoTt  on  tin 
at  itate  of  ceruun  purta  of  the  MetropoUa,  and  on  the  Model  Lodging-HouseB  of 
pp.  29,  U. 
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the  ohildrpn  returneJ  to  their  ordinary  health.  Five  months  aftcrwaTd»,  the 
works  were  recnmnienoed  ;  in  a  daj  nr  two  sabsequently,  the  wind  bloinng  from 
the  nmnufactory,  a  most  powerful  stench  pervaded  the  buiidinj^.  Id  the  night 
following,  45  of  the  boys,  whos»e  dorrniturius  directly  faced  the  manufactory,  were 
again  suddenly  seiued  with  severe  diarrhcpa;  whilst  the  girls,  whose  domiitoricg 
were  in  a  more  distant  part,  and  faced  in  another  direction,  escaped.  The  ma- 
nufiictory  baring  been  again  suppressed,  there  waa  no  subeeqaent  retarn  of 
diarrhcea. ' 

387.  It  rany  not  be  araiaa  to  add  a  few  examples  drawn  from  the  experience 
which  our  IndiaD  possessions  have  afforded,  of  the  influence  of  an  insufficient 
supply  of  pure  air  upon  the  ordinmy  mortality  in  our  army  and  among  the  pe«iple 
under  our  control. — There  are  various  military  station.s,  which  have  lain  under  a 
most  ill-deserved  repute  for  unhealthiness,  in  consequence  of  the  very  imperfect 
barrack-accommodation  afforded  to  the  troops  quartered  in  them.  Thus  at  Secun- 
dcrabad,  in  the  Madras  coiumnnd,  the  average  annual  mortality  for  the  fifteen 
years  previous  to  1846—7,  waa  7&  per  lOOQ ;  this  being  nearly  double  the  average 
of  the  whole  presideney,  and  more  than,  dfjuhle  that  of  the  remainder  of  the  sta- 
tions. Now  the  complaints  made  year  after  year,  by  the  medical  officers  of  the 
troops  which  have  been  successively  quartered  at  this  atation,  leave  no  room  for 
doubt  as  to  the  chief  cause  of  this  excess ;  for  the  regiments  of  the  Line  quartered 
at  Secunderabad  have  been  always  crowded  in  barracks  quite  insufficient  for  their 
accommodation,  one-third  of  the  men  having  been  obliged  to  sleep  in  the  veran- 
duhs,  and  the  remainder  getting  by  no  means  a  due  allowance  of  fresh  air; 
whilat,  on  the  other  baud,  the  Officers  of  these  very  repiments,  who  are  better 
accommodated,  and  the  detachment  of  Arliller}'  quartered  in  more  roomy  barracks 
at  no  great  distance,  have  never  participated  in  this  unusual  mortality,  therebj 
clearly  showing  the  absence  of  any  special  causes  of  disease  at  this  station,,  which 
might  not  be  easily  removed,' — The  Karrackpore  station,  in  the  Bengal  command, 
is  even  worse  than  the  foregoing;  for  every  regiment  quartered  there,  seems  to 
suffer  an  almost  complete  drcimation  annually.  Yet  there  is  ampJe  evidence, 
that  here  also  the  chief  fault  Hen  in  the  barraek-accommodatiou.  But  one  of  the 
mo.st  terrible  instances  of  the  continuance  of  a  high  nite  of  mortality,  which  is 
almo.it  entirely  attributable  to  an  insufficient  supply  of  air,  is  that  which  is  fur- 
nished by  the  Gaols  under  Uritish  control  in  India,  In  these  arc  usually  con- 
lined  no  fewer  than  40,000  prisoners,  chiefly  natives ;  and  the  average  annual 
mortality  of  She  whole  was  recently  10  per  cent.,  rising  in  some  cases  to  26  per 
cent.,  or  more  than  one  inftntr.  This  is  easily  accounted  for,  when  it  is  known 
that  in  no  case  is  there  an  allowance  of  more  than  300  cubic  feet  of  air-spac«  for 
each  individual,  whilst  in  some  instances  70  cubic  feet  is  the  miserable  average.' 

388.  One  more  set  of  cases  will  be  cited,  as  showing  the  marked  effect  of  the 
habitual  respiration  of  the  contaminated  atmosphere,  not  merely  in  engendering  a 
liability  to  zymotic  diseasCj,  but  in  directly  producing  a  special  form  of  iufiuttle 
spasmodic  disease,  of  the  most  fearful  nature.— The  dwellings  of  the  great  bulk 
of  the  population  of  Iceland  seem  as  if  constructed  for  the  express  purpose  of 

'  "  Report  of  the  BoarJ  of  Health  on  Cholera,  1848-9,"  p.  42. 

*  It  ia  a  TOEafirkftble  conSrinatioD  of  the  vicir  formerly  atnted  (|  C>S),  na  to  the  tcndencj 
of  tfae  habitual  use  of  AlcohoUo  liquors  to  induce  a  *  ferraentible'  cooditioD  of  the  blood,  bjr 
ob«tructitig  the  elimination  of  the  effete  matters  by  the  respiratory  process  ({  816  vii), 
that  when  the  84th  RegL,  which  is  distiDguished  for  its  sobriety,  w«9  quartered  nt  Bcetin- 
derabad  ia  1447-8,  it  lost  only  39  men  out  of  lliJU,  or  3412  per  1000,  the  average  incrr- 
tulily  uf  the  other  stationa  in  the  Presidency  being  about  the  same  as  U!>ual.  On  the  other 
haud,  the  6iid  Regt.,  which  nita  r»r  from  JesiTTing  u  repuintiun  for  teuiperftnce,  bad  lost 
78  mea  during  the  firat  nine  months  of  the  preceding  yenr,  or  at  the  rate  of  78  8  per  1000 
during  the  entire  year. — All  the  fact^ere  stated  in  regard  to  Secauderabad,  have  beta 
obtained  by  the  Author  direct  from  the  Army  Medical  Keturns. 

'  Dr.  Mackioooa's  '^  Treatise  on  the  Publio  Health,  &.O.,  of  Deagal,"  Cawnpor*,  1848, 
ohap.  1. 


EFFECTS   OF   RESPIRATION   OF    A   VITIATED    ATMOSPHERE. 


825 


I 


poisoning  the  air  which  they  coDtain.  Tbej  are  small  and  low,  without  «ny 
direct  provieion  for  ventilation,  the  dnor  Berviog  alike  as  window  and  chimney ; 
the  walls  and  roof  let  in  the  rain,  which  the  fluor,  chiefly  compofied  of  hardened 
Bheep-<lang,  sucks  ap ;  the  fame  room  generally  scrrcA  for  all  the  usee  of  the 
whole  fiimily,  and  not  only  for  the  human  part  of  it,  but  frequently  also  for  the 
sheep,  which  are  thus  honied  during  the  severer  part  of  the  \Tiijter.  The  fuel 
employed  in  the  country  districts  chiefly  coneist^  of  cow-dung  and  i^hecpi-dung, 
caked  and  dried ;  and  near  the  Rea-ooost,  of  the  bones  and  refuse  of  fi^h  and  sea- 
fowl;  producing  a  stench,  which,  to  those  uoaccustomed  to  it,  is  completely 
insupportable.  In  addition  to  this,  it  may  be  mentioned  that  the  people  are 
noted  for  their  extreme  want  of  personal  cleanliness;  the  same  garments  (chiefly 
of  black  flaoncl)  being  worn  for  months  without  beinj?  even  taken-off  at  nifrht. 
Such  an  assemblage  of  unfavourable  conditions,  combined  with  the  cold  damp 
nature  of  the  climate,  might  have  been  expected  to  induce  tubercular  diseases 
of  various  kinds;  but  from  these  the  Icelanders  appear  to  enjoy  a  special  exemp- 
tion (§  57  III).  Syphilis,  bIfo,  is  wanting,  or  nearly  so;  and  yet,  notwithstanding 
that  the  number  of  births  is  fully  equal  to  the  usual  average,  the  population  is 
stadonary,  and  in  some  parts  actually  diminishing.  Thiti  is  partly  due  to  the 
exteat  and  fatality  of  the  epidcmio  diseases,  of  which  some  one  or  other  spreads 
tfarough  the  island  nearly  every  year;  but  it  is  chiefly  owing  to  the  extraordinary 
Bortality  of  in&nts  from  Trismut  nascentiunif  which  carrios-off  a  large  propor- 
tion of  them  between  the  fifth  and  the  twelfth  days  after  their  birth.  It  is  in  the 
little  island  of  Westmannoe  and  the  opposite  parts  of  tbe  coast  of  Iceland,  where 
the  bird-fiiel  is  used  all  the  year  round,  instead  of  (as  elsewhere)  during  a  few 
months  only,  that  this  disease  is  most  fatal ;  the  average  mortality  fur  the  last 
twenty  years,  during  the  first  twelve  days  of  infantile  life,  being  no  less  than  64 
per  cent,,  or  nearly  two  out  of  three.* — Now  it  is  not  a  little  remarkable  that  the 
very  same  disease  should  have  prevailed,  uoder  conditions  almost  identically  the 
same,  in  the  island  of  St.  Kilda,  one  of  the  Western  Hebrides;  the  state  of 
which  was  made  known  by  Mr.  Maclean,  who  visited  it  in  1838.  Tbe  pfipulation, 
of  this  island,  too,  was  diminishing  rather  than  increasing,  in  conscqucuce  of  the 
enormous  infantile  mortality ;  /our  otit  of  every  Jive  dying,  from  Trismus  nas- 
oentium,  between  the  eighth  and  twelfth  days  of  their  existence.  The  great,  if 
not  the  only,  cause  of  this  mortality,  was  the  con  lamination  of  the  atmnsphere  by 
the  filth  amidst  which  the  people  lived.  Their  huts,  like  those  of  the  Icelanders, 
were  small,  low-roofed,  and  without  windows;  and  were  used  during  the  winter 
as  stores  for  the  collection  of  manure,  which  was  carefully  luid-out  upon  the  floor, 
and  trodden  under  foot  to  the  depth  of  several  feet.  On  the  other  baud,  the 
olerKyman,  who  lived  exactly  as  did  tha^se  around  him,  except  as  to  the  condition 
of  his  boose,  had  brought-up  a  family  of  four  children  in  perfect  health ;  whereas, 
according  to  the  average  m(Mality  around  him,  at  least  three  out  of  the  four  would 
have  been  dead  within  the  first  fortnight. — Of  the  degree  in  which  this  fearful 
disease  is  dependent  upon  impurity  of  tbe  atmosphere,  and  is  preventible  by  ade- 
qaate  ventilation,  abundant  proof  is  afforded  by  the  experience  of  Hospitals  and 
Work-houses  in  our  own  country.  Thus  in  the  Dublin  Lying-in  Hospital,  up  to 
the  year  1782.,  the  mortality  within  the  first  fortnight,  almost  entirely  from  Tris- 
mus oascentium,  was  1  la  every  6  children  bom.  The  adoption,  under  the 
direction  of  Dr.  Joseph  Clarke,  of  an  improved  system  of  ventilation,  reduced 
the  proportion  of  deaths  from  this  cause  to  1  in  10).  And  further  improvements 
in  ventilation,  with  increased  attention  to  cleanliness,  during  the  .seven  years  in 
which  Dr.  Collins  was  Master  of  this  Institution,  reduced  the  number  of  denths 
&vm  this  disease  to  do  more  than  three  or  four  yearly.' — A  similar  amelioration 


'  6«e  <*  bland  uodenogt  fn  laegeTideoskabeligt  Synspunct" 
— Coprahngen.  1849. 
*  8«e  l>i.  CollioB't  •'  Practical  Treatise  on  ldidwifei7,"  p.  618. 
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took  place  about  a  ccntary  ago,  in  the  conditioTi  of  the  London  Workhoases,  in 
which  23  out  of  24  infanU  had  previously  died  within  the  first  jear,  and  a  large 
proportion  of  these  within  the  first  month  j  for  owing  to  a  p&rllamentarj  inquiry 
which  was  called-forth  by  this  fearful  state  of  things,  the  proportion  of  deaths 
wa8  speedily  reduced  (chiefly  by  improvemeDt  in  TeDtilatioo)  from  2600  to  490 
annually. 

389.  Thua  it  appears  that  in  all  climates,  and  under  all  coitditiona  of  life,  the 
purity  of  tlie  atmvspfiere  habitually  retipired  is  essential  to  the  maintenance  of 
that  power  of  reaisiing  disease,  which,  even  more  than  the  ordinary  Btat«  of 
health,  is  a  Lacaaure  of  the  real  vigour  of  the  system.  For,  owing  to  the  extrt* 
ordinary  capability  which  the  human  body  pos.«es8e8  of  accommodating  itself  to 
circumstanceH,  it  not  unfrequently  happens  that  individuals  continue  for  years  to 
breathe  a  most  unwholepome  ainioBphcre,  without  apparently  suffering  from  itj 
and  thus,  when  they  at  last  succumb  to  some  Epidemic  disease,  their  death  A 
attributed  Bolely  to  the  latter;  the  previous  preparation  of  their  bodies  for  thi 
reception  and  development  of  the  zymotic  poison,  being  altogether  overlooked. 
It  is  impossible,  however,  for  any  one  who  carefully  examines  the  evidence,  to 
hesitate  for  a  moment  in  the  conclusion,  that  the  fatality  of  Epidemics  is  almost 
invariably  in  precise  proportion  to  the  degree  in  which  an  impure  atmoephere  has 
been  habitually  respired;  that  an  atmoEtphere  loaded  with  putrescent  miaamats 
may  aflbrd  a  njV/«*  wherein  zymotic  poiacm  undergoes  a  marked  increase  in  qnao- 
tity  and  intensity,  the  putrescent  exhalations  from  the  lungs  and  skin  of  tho^^^ 
living  f^ubject  being  at  least  as  effectual  in  furnishing  such  a  '  nidus,'  as  are  thA^^H 
emanations  from  faecal  discharges  or  from  other  decomposing  matters ;  that  tbe^^ 
habitual  respiration  of  such  an  atmosphere  tends  to  induce  a  condition  of  the 
blood,  whieh  renders  it  peculiarly  susceptible  of  perversion  by  the  introduciioo 
of  zymotic  poisons,  and  which  favours  their  mulli plication  within  the  system;' 
at)d  lastly,  that  by  due  attention  to  the  variona  means  of  promoting  atmospheric 
purity,  and  especially  by  eflScient  ventilation  and  sewerage,  the  rate  of  mortality 
may  be  enormously  decreased,  the  amount  and  severity  of  sickness  lowered  in  at 
least  an  e<]ual  proportion,  and  the  fatality  of  epidemics  almost  completelv  anni- 
hilated. And  it  cannot  be  too  strongly  borne  in  mind,  that  the  efficacy  of  such 
prtventive  measures  has  been  most  fully  substantiated,  in  regard  to  many  of  lb« 
very  diseases  in  which  the  curatife  power  of  Medical  troalnioiit  has  seemed  moal 
doubtful;  as  for  example,  in  Cholera  and  Malignant  Fevers. — The  practical  im- 
portance of  this  subject  may  be  estimated  from  the  startling  fact,  which  enquiries 
ftrosecuted  under  the  direction  of  the  Board  of  Health  have  recently  brought  to 
ight;'— ' viz.,  (hat  the  dijjfermce  in  the  annual  rates  of  mortality,  between  the 
most  healthy  and  the  most  unhealthy  localities  in  England,  amounting  to  no 
less  than  34  in  1000,  is  almost  entirely  due  to  Zymotic  diseases,  which  might  be 
nearly  (if  not  completely)  exterminated  by  well-devised  sanitary  arrangements. 
The  torn  St  actual  mortality  is  II  per  1000,  while  the  highest  is  45  per  1000;  and 
between  these  extremes,  there  is  every  intermediate  degree  of  range.  But  what 
may  be  termed  the  inevitable  mortality,  —  arising  from  diseases  which  would  not 
be  directly  affected  by  Sanitarj'  improvement — is  a  nearly  constant  quantitj 
throughout;  namely,  the  11  per  1000  of  those  districts  which  are  free  ftou 
Zymotic  disease.     The  average  mortality  of  all  England,  in  ordinary  years,  i 

'  A  careful  consideration  of  the  very  eatiefactory  evidence  which  has  been  of  late  yenn 
collected  on  this  point,  mnst  (in  Iho  Aulhor'o  opiiiionj  satisfy  any  cov'prtmt  and  vnjrrt- 
judietd  inquirer,  that  Endemic  FeverB,  originatiag  in  locftl  cranses  (marsh  aiiftHmatft  and  the 
like),  anij  at  firet  affecting  only  those  who  arc  exposed  to  such  cauei>8,  may  find,  by  the 
crowding-together  of  infected  Bulyects,  a  nidui  for  devciopmenl  within  the  HumNn  ayatem; 
en  that  theue  discasea  then  bccoDie  cmamunicable  by  huniRn  intercouree,  althongh  not  eo 
origiimHy. — For  a  diHcnssion  of  this  subject,  eee  the  Articles  on  'Yellow  Fever'  and  th» 
>  Fever  of  BoA  Vigta,'  in  the  "Brit,  and  For.  Med.-Chir.  Re*.,"  Tola.  L  ii.  and  iv. 

*  See  "  fiunimary  of  Experience  on  Diaeaae,  and  ComparatiTe  Rates  of  Mortality,"  hy 
William  Lee,  Superintending  loapeotor,  I6S1. 
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about  22  per  1000,  or  jost  double  tbat  <o  which  it  mipbtbc  reduced;  so  that, 
taking  the  population  of  England  and  Wales  (as  by  the  last  Census)  at  nearly 

^18  inillioDS,   the  average  annual   mortality  must  be  396,000,  of  which  only 
198,000  is  inevitahUf  an  equal  amount  being  preventible. 


I 


I 
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cnAPTER  vni. 


07    NVTBXTIOir. 


I,' — General  C<msidcration9.' — Formative  Potcer  of  Individual  Parts, 


S40.  Tbz  function  of  Nutrition,  considered  in  the  widest  acceptatioo  of  the 
tertii,  includes  that  whole  series  oif  operations,  by  which  the  nliinooDtary  mole- 
rials, — prepared  by  the  IHgestive  process,  introduced  into  the  system  by  Absorp- 
tion, and  carried  into  its  pmetruHa  by  the  Circulation,  —  arc  cooverttd  into 
Organized  tissue :  but  in  a  more  limited  sense  it  may  be  understood  as  rcfcrrinp 
to  the  last  of  these  operations  only,  that  of  Bisto<fffiesis  or  tissue-formation^  to 
which  all  the  other  organic  funi'tions,  in  so  far  as  they  are  concerned  in  moiu- 
taining  the  life  of  the  individual,  are  subHervient,  by  preparirg  and  kr^ppinjr  m 
the  requisite  state  of  parity  the  moteriala  at  the  expense  of  which  it  twites  place. 
It  is  shown  elsewhere  (PRINC  OF  Gf-n.  Phts.,  Am.  Ed.),  that  every  integmt  part 
of  the  living  body  possesses  a  certain  capaeiiy  for  growth  and  development,  io 
virtue  of  which  it  passes  through  a  series  of  successive  phases,  under  the  influence 
of  the  steady  Heat,  wbi^b  in  the  warm-blooded  is  constantly  acting  upon  it ;  this 
capacity  being  an  endowment  which  ii  derives  by  direct  descent  from  the  original 
genu  (CBAP-  xvr.),  but  undergoing  a  gradual  diminution  with  the  advance  of 
life  (chap.  XVlir.),  until  the  power  of  mmntenancc  is  no  longer  adequate  to 
antagonize  the  forces  that  tend  to  the  dt'ginirtjrotion  of  the  system.  It  has  been 
also  shown  (chap,  v.),  that  notwithstanding  the  diversities  in  the  structure  and 
oompoeitioQ  of  the  several  tissues,  the  Blood  supplies  the  materials  which  each 
requires;  every  tissue  possessing  (so  to  speak)  an  elective  Ojffitn'fj/  for  some  par- 
ticular cooetituents  of  that  fluid,  in  virtue  of  which  it  abstracts  them  from  it, 
and  appropriates  them  to  its  own  uses.  —  But  it  has  been  shown,  on  the  other 
hand,  that  the  '  formative  capacity '  does  Dot  exist  in  the  tissues  alone,  but  is 
ehared  by  the  Blood,  which  must  itself  be  regarded  as  deriving  it  from  the  origi- 
nal germ  ;  for  there  are  certaiu  simple  kinds  of  tissue,  whit'b  appear  to  take  their 
origin  directly  in  its  plastic  components  (§  1E)8).  Of  others,  which  cannot  be 
said  thus  to  originate  in  the  blood,  the  development  seems  to  be  entirely  deter- 
mined by  the  quantity  of  their  special  j/fi6« /a  which  it  may  contain.  Thus,  an 
increase  of  Adipose  tissue  takes  place,  when  the  blood  habitually  includes  ou 
unusual  amount  of  fat;  an  augtnentation  in  the  proportion  of  the  Ked  Corpus- 
cles of  the  blood  may  be  distinctly  observed  (especially  if  it  has  been  previously 
diminished  unduly),  when  an  additional  supply  of  iron  is  afforded  (§  H^O) ;  and 
when  one  of  the  Kidneys  has  been  removed,  or  is  prevented  by  disease  from  per- 
forming its  normal  function,  the  other,  if  it  remain  healthy,  undergoes  on  extra- 
ordinary increaao  in  size,  so  as  to  perform  the  duty  of  both  organs,  the  augmented 
development  of  ita  secreting  structure  being  here  also  fairly  attributable  to  the 
accumulation  of  its  appropriate  materials  in  the  blood.'     Even  of  those  tissues 

'  This  principle  is  one  most  fertile  in  Pathological  applications;  for  there  can  be  little 
doabt  that  the  deTelopnient  of  dibdji  morbid  growths  \»  due,  not  bo  much  to  a  perrvrted 
local  action,  ag  to  the  presence  of  cerUin  tnorhid  matters  in  the  blf>od,  which  tletenninea 
the  forniktion  of  tif^cues  that  uee  them  bb  thdr  appropriate  pabulum.  Such  ie  pretty 
obTJously  the  case  with  those  digordcrs,  which  (like  the  Eiantfaemata)  are  unh"er»ally 
admitted  to  be  of  'constitutional '  cknracter,  and  which  are  difitbctlj  traceable  to  a  poison 
uilrodac«d  through  the  blood,  whose  first  influence  ia  exerted  in  modifj^iag  the  phjrucal 
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which  must  be  considered  as  most  iDdcpeudeot  and  Stilf-eustaiDing,  the  develop* 
mcnt  is  cot  only  checked  hy  the  "want  of  a  due  supply  of  their  appropriate  id&(«. 
rials,  but  it  is  modiiied  in  a  very  remarkable  degree  by  the  preseoce  of  abnorotil 
substances  id  the  bbod,  which  single-out  particular  parts,  aad  efl'cct  determioat^ 
alterations  in  their  nutrition,  in  such  a  consiant  manner  as  to  show  the  cxistenoa 
of  a  peculiar  *  eloctivc  afBuity '  between  thera  (^§  217).  —  In  bo  far,  then,  as  tb« 
process  of  Natritimi  is  dependent  upon  the  due  supply  and  normal  state  of  ih« 
Blood,  its  conditions  have  bceu  already  sufficiently  discussed;  and  we  bare  noir  j 
only  to  consider  it  in  its  relations  to  the  Tissues. 

341.  The  demand  for  Nutrition  primarily  arises  from  the  tendency  of  the 
orgomam  to  simple  ImTcane  or  Grotrth,     Of  this  we  have  the  most  characteristic  | 
illustration  in  the  multiplication  of  the  first  enibryonic  cell,  by  the  simple  proeeaaj 
of  *  duplicative  eubdiviaion  j'  whereby  a  multitude  of  cells  is  produced,  every  oo»  J 
of  which  is  similar  iu  all  csscntiul  particulars  to  the  original.     But  after  the  dif- 
ferent parts  of  this  homogeneous  embryonic  mass  have  taken  upon  themeelTei] 
their  respective  modes  of  dcvclupment,  so  as  to  generate  a  diversity  of  tjssuet] 
and  or^Qs,  each  one  of  these  continues  to  increase  after  its  own  plan ;  and  thnil 
the  child  becomes  the  adult,  with  comparatively  little  change  but  that  of  growtk* 
(CHAP.  XVI.,  Sect.  4).     An  excess  of  growth,  taking  place  conformably  to  tb»l 
normal  place  of  the  tissue  or  organ,  coustitutes  Hifpcrtropht/  ;  whilst  a  dimintt-1 
tion,  without  degeneration  or  alteration  of  structure,  is  that  which  is  properlyj 
distingui^ihed  as  Almphy. — But  Growth  is  not  confined  to  the  period  of  iocreaMI 
of  the  body  gciurrallyj  for  it  may  manifest  itself  in  particular  organs  or  tisane 
ai*  a  normal  operation,  at  any  subaequent  part  of  life;  as  when  an  eztraordioar 
demand  for  the  functional  activity  of  a  particular  set  of  Muscles  is  supplied  bj 
an  increase  in  the  amount  of  their  contractile  tissue. — And  further,  even  wber 
there  is  no  such  mauifesratiou  of  increase,  there  is  really  a  conunual  growth 
all  the  tissues  actively  concerned  in  the  vital  operations,  and  this  even  to  the  ver 
end  of  life;  although  it  may  be  so  far  count erbalu need,  or  even  surpassed,  b] 
changes  of  nn  opposite  kind  (§  22),  that  instead  of  auguieutation  in  bulk,  thei 
is  absolute  diminution. 

342.  The  evolution  of  the  complete  organism  from  its  germ,  however,  doei^ 
not  oonsist  in  mere  growth;  for  by  such  a  process  nolbing  would  be  produced 
but  an  enormous  aggregation  of  simple  cells,  possessing  little  or  no  mutual  depen> 
dence,  like  those  which  constitute  the  shapeless  masses  of  the  lowest  Algao  (See 
PaiNC.  OF  Gen.  Puys.,  Am.  Ed).     In  addition  to  increase  there  must  be  Develop'  ,   ^ 
mmt,  that  is,  a  ptissage  to  a  higher  condition,  both  of  form  and  structure;  so  tha|HH 
the  part  in  which  this  change  takes  place  becomes  fitted  for  some  special  fanction,  *  ™ 
and  is  advanced  towards  the  state  in  which  it  exists  in  the  highest  or  most  com* 
pleted  form  of  its  specific  type.     Thus  the  development  of  tmite  consists  in  the 
change  from  a  simple  mass  of  cells  or  fibres  into  any  other  form ;  as  in  the  pro- 
duction of  Dentine  from  the  cellular  substance  of  the  tooth-pulp,  or  in  the 
formation  of  Bone  in  the  sub-periosteal  membrane.    So,  again,  the  developmental 
change  is  seen  in  the  pa.sgage  of  an  entire  organ  from  a  lower  to  a  higher  condi* 
tion,  by  the  evolution  of  new  parts,  or  by  a  change  in  the  relations  of  those 
already  existing,  even  though  the  change  in  its  texture  should  consist  of  little 
else  than  of  simple  increase :  thus  in  the  development  of  the  Heart,  we  have 

the  original  single  cavity  subdivided,  first  into  two,  and  at  last  into  four  chambers  : 

and  Tital  properties  of  that  fluid  :  and  th«  evidence  has  h«en  of  late  ftccumuUting,  that  it 
t!i  true  iilso  of  the  various  rorma  of  Cancer;  tiie  local  development  of  an  aboormal  Btruo- 
ture  being  in  (his  case,  also,  cothiDg  cIrc  than  the  niauifestiitidii  vf  the  enittteooe  of  thai 
peculiar  matter  in  the  hlood,  vhveli  Ib  the  approprinte  ntitrimciit  of  its  component  tiaeaeii, 
(5  231);  or,  as  Mr.  Simon  appropriately  deHignates  it,  "a  new  excretorj  organ,  which 
tends  essentinll;  to  acts  of  diminative  secretion,  just  as  distinctly  aa  the  healthy  liver 
or  the  healthy  kidney."— 8e«  Mr,  Simon's  "Lectures  on  General  Pathology,"  p.  110,  Am. 
Ed.;  and  Mr.  Pnget'e  "Lectures  on  Surgical  Pathology,"  pp.  820  and  S62,  et  seq., 
Am.  Ed. 


and  lo  the  deTelopment  of  the  Bmio,  wc  find  the  Bcneorj  gaoglU  to  be  the  parts 
first  formed,  the  aoterior  lobes  of  the  ccrebram  to  be  evolved  (as  it  were)  from 
these,  the  middle  lobes  eprouting-rurtb  from  the  back  of  the  anterior,  and  the 
posterior  from  the  back  of  tho  middle;  yet  with  all  tbisj  there  is  no  production 
of  any  new  kind  of  tissue,  the  new  parts  being  generated  at  the  ezpenee  of 
histological  components  identical  with  those  of  the  pre-existing. — Now  it  is  in 
the  early  period  of  embrjoQlc  life,  that  tho  developmental  process  is  most 
remarkably  displayed;  for  it  is  then  that  we  see  that  transforination  of  the 
primordial  cells  into  tissues  of  various  kinds,  which  originates  a  special  nitua  in 
each  part,  whereby  the  production  of  the  same  tie-sue,  in  continuitj  with  that 
first-formed,  comes  to  be  a  simple  act  of  growth;  and  it  is  then  also  that  we 
observe  that  marking-out  of  all  tbe  principal  orgtins  by  the  development  of  tissue 
in  particular  directions,  which  makes  all  f^ubijequent  evolution  but  a  completion 
or  fiUing-up  of  the  plan  thus  sketehed-out.  Thus,  during  tho  first  days  of  incu- 
bation in  the  Chick,  the  foundation  is  laid  of  the  vertebral  column,  the  nervous 
centres,  the  organs  of  sense,  the  heart  and  circulating  system,  the  alimentary 
canal,  tbe  respiratory  apparatus,  the  liver,  the  kidneys,  and  many  other  parts; 
and  at  tbe  termination  of  that  period,  the  chick  emerges  in  such  a  state  of  com- 
pleteness of  development,  that  little  else  than  increase  is  wanting,  aave  io  the 
plumage  and  seiual  organs,  to  raise  it  to  its  perfect  type.  The  same  may  be  said 
of  the  Human  organism  ;  save  that  the  {:«riod  of  its  development  is  relatively 
longer,  in  accordance  with  the  higher  grade  which  it  is  ultimately  to  attain  ;  its 
earliest  stages  being  pa.s9cd-th rough,  however,  with  extraordinary  rapidity.  The 
completer  evolution  of  the  generative  organs,  of  the  osseous  skeleton,  and  of  the 
teeth,  constitute  the  principal  developmental  changes  which  the  Human  organism 
undergoes  in  its  progress  from  the  infantile  to  tbe  adutt  condition ;  almost  every 
other  alteration  consisting  in  simple  increase  of  its  several  component  tissues  and 
orgiDS,  without  any  essential  change  in  their  form  or  structure.  And  when  tbe 
aduli  type  has  been  once  completely  attained,  every  subsequent  change  is  one 
rather  of  degeneration  than  of  development.,  of  retrogression  rather  than  of 
advance. 

343.  The  difference  between  these  two  processes  of  Growth  and  Development 
b  most  characteribtically  shown  in  those  cases,  in  which  there  is  a  partial  or 
complete  arrest  of  one  of  thero,  without  any  corresponding  impairment  of  the 
other.  Thus  a  dwarf,  however  small  in  stature,  may  present  a  perfect  develop- 
ment of  every  part  that  is  characteristic  of  the  complete  human  organism  ;  the 
deficiency  being  solely  in  tbe  capacity  for  </rowth.  On  the  other  hand,  the  usual 
size  at  birth  may  be  attained,  and  every  organ  may  present  its  ordinary  dimen- 
sioos,  and  yet  some  important  part  may  be  found  in  a  condition  of  arretted 
development :  thus  the  Heart  may  consist  of  a  single  cavity,  or  the  inter-ventric- 
ular or  inter-auricular  septa  may  be  incomplete,  so  that  it  baa  not  passed  beyond 
the  grade  of  development  which  it  had  attained  at  an  early  period  of  embryonic 
life,  although  its  growth  may  have  continued  ;  or  the  Brain  may  in  like  manner 
exhibit  a  deficiency  of  tbe  posterior  lobes,  or  of  tho  corpus  calloeum,  or  of  some 

Eart  whose  formation  normally  takes  place  in  the  latter  months  of  intra-uterine 
fe,  although  the  parts  already  productd  may  have  continued  to  grow  at  their 
usual  rate. — Numerous  instances  of  the  same  kind  might  be  cited,  but  these 
must  su£ce. 

344.  The  demand  for  Nutrition  arisca,  however,  not  merely  from  the  ezercisd 
of  tbe  formative  powers  which  are  concerned  in  the  building-up  of  the  organism, 
but  alfo  from  the  degeneration  &nd  decay  which  are  continually  taking-place  in 
almoflt  every  part  of  it,  and  the  efiects  of  which,  if  not  antagonized,  would 
speedily  show  themselves  in  its  complete  disintegration.  Ajs  each  component  cell 
of  the  organiimi  has  to  a  certain  degree  an  independent  life  of  its  own,  so  has  it 
deo  a  limited  duration  ;  and  its  duration  usually  bears  an  inverse  ratio  to  its  funo- 
tiopal  activity  (See  P&imc.  or  Gen.  I'uys.j  Am.  £d}.    This  is  particularly  strik* 
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ing,  when  we  compare  the  ratio  of  cbangc  in  the  orpianisms  of  cold-blooded 
animals  at  low  and  high  temperatures  ;  for  thoy  live  slowly,  need  little  nutriment, 
give-off  bat  a  soiall  aniouDt  of  excretory  products,  and  require  a  long  time  for 
the  performance  of  the  reparative  processes,  tinder  the  former  condition ;  but 
live  fast,  require  a  comparatively  large  supply  of  nutriment,  give-off  a  far  greater 
amount  of  carbonic  acid  and  other  excretions,  resulting  from  the  '  waste*  of  tissue, 
and  exhibit  a  far  more  rapid  ri^paration  of  injuries,  in  the  latter  state.  The  con- 
stantly-high temperature  of  Man,  as  of  other  warm-blooded  animals,  prevents 
this  diffcrecce  frotn  being  displayed  in  him  in  a  similar  manner;  but  it  is  well 
Been  when  we  contrast  his  different  tissues  with  each  other,  and  study  their  re- 
spective histories.  For  whilst  there  are  some  (i.)  which  appear  to  pass  throuffh 
all  their  stages  of  growth,  maturation,  and  decline,  within  u  limited  period,  there 
are  others  (ii.)  whose  existence  seems  capable  of  almost  indefinite  prolongation, 
and  others  (ni.),  again,  which  are  liable  to  have  a  period  put  to  their  life  at  any 
time,  by  the  direction  of  their  vital  force  into  other  cbanncla. 

1.  Of  those  belonging  to  the  first  category,  which  are  actively  concerned  in  tbo 
j^vxcly-vital  operations  of  tbe  organism,  a  characteristic  example  is  presented  by 
the  Ovule;  which,  if  not  fertilized  within  a  limited  period  after  its  maturatioOj 
speedily  declines  and  decays;  and  the  same  law  of  limited  duration  doubtli 
extends  to  a  large  proportion  of  such  tissues  as  are  actively  concerned  in 
maintenance  of  the  organic  functions;  as  for  example,  the  Corpuscles   of 
blood  (§  166),  the  Epithetiul  cells  of  many  glands  which  are  instrumental  in  the 
process  of  Secretion  (§  379),  the  cells  forming  tbe  parenchyma  of  the  Absorbent 
and  Vascular  Glands  (§§131,  142  iii.),  and  many  others. 

H.  The  contrary  extreme  to  this  may  be  found  in  those  tissues,  whose  func- 
tions are  rather  j)A_y*rra/  than  vital ;  and  especially  in  such  ns  undergo  consolida- 
tion by  the  deposit  of  solidifying  matter,  either  in  combination  with  the  animal 
membrane  or  fibre,  or  in  its  interstices.  8uch  tissuea  are  more  withdrawn  froi^H 
the  general  current  of  vital  action ;  and  there  seems  to  be  no  definite  limit  to  tdPH 
duration  of  some  of  them,  except  such  as  is  imposed  by  the  chemical  and  «©•*" 
ohanical  degradation  to  which  they  may  be  subjected.  This  appears  to  be  the 
case  with  the  simple  Fibrous  tissues,  especially  the  yellow,  even  in  their  soft  or 
unconsolidated  state ;  but  it  is  fur  more  obvious  in  the  dentine  and  enamel  of 
Teeth,  which  ore  formed  by  the  combination  of  calcareous  salts  with  an  animal 
matrix,  and  wbich  retain  their  condition  apparently  unchanged  through  the  whole 
remainder  of  life,  under  circumstances  which  show  that  if  any  nutritive  action 
take  place  in  them,  its  amount  must  be  extremely  small.  In  the  dentinal  struc- 
tures of  the  young,  however,  there  is  obviously  a  determinate  limit  of  existence; 
as  is  shown  by  the  exuviation,  at  a  certain  definite  epoch,  of  the  first  set  of  teeth, 
which  exuviation  is  usually  preceded  by  the  death  and  partial  disintegration  of 
their  texture.  In  Hair,  Nails,  and  other  Epidermic  appendages,  again,  whose 
Bubstance,  when  once  it  has  undergone  consolidation  by  the  deposit  of  homy 
matter,  may  remain  unchanged  for  centuries,  we  must  recognise  tbe  same  prin- 
ciple of  indefinite  duration,  in  connection  with  tbe  cessation  of  vital  activity; 
the  chemical  constitution  of  these  textures,  moreover,  being  such  as  renders  them 
but  little  prone  to  be  acted-upon  by  ordinary  decomposing  agencies.  The  limit 
of  exist^mce  seems  more  determinate,  however,  in  Bone ;  for  not  only  do  we  find 
that  in  the  first  development  of  this  substance,  a  considerable  part  of  the  tissue 
originally  generated  by  the  consolidation  of  its  osseous  or  cartilaginous  matrix 
apeedilv  disappears,  and  that  during  the  whole  period  of  growth  of  the  shaft  of  a 
round  bono,  there  is  a  continual  removal  of  its  inner  and  older  portions,  whereby 
the  medullary  cavity  ia  progressively  enlarged;  but  there  is  strong  evidence  that, 
even  after  tbe  bone  has  attained  its  full  dimensions,  a  replacement  of  old  Haver- 
sian systems  by  new  is  continually  in  progress  (§  348). 

III.  In  the  case  of  the  Muscular  and  Nervous  tissues,  however,  we  trace  tbe 
nperatioQ  of  oau^ses  that  differ  from  any  of  thoae  already  specified.     These  tissues 
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ire  doubtless  snbject,  like  all  others  that  are  di8ting;ui8hed  by  their  vital  activity, 
to  the  law  of  limited  duration ;  for  we  find  that,  when  not  called  into  use,  they 
undergo  a  gradual  disintegration  or  wasting,  which  is  not  adequat-ely  repaired  by 
the  nulritive  J)roces8C8.  But  their  existence  as  living  structures  appoara  to  be 
terminable  at  any  time,  by  the  exercise  of  their  functional  powers;  for  the  de- 
velopment of  muscular  contractility  or  of  nervous  force  seems  to  involve,  as  its 
neoe«8ary  condition,  a  mctaroorpbosis  (so  to  speak)  of  the  vital  power  which  WM 
previously  exercising  itself  in  the  nutntire  operations;  and  the  materials  of 
these  tissues,  now  reduced  to  the  condition  of  dead  matter,  underpo  those  re- 
greasive  changes  which  speedily  convert  them  into  excrementitious  products. 
But  the  very  manifestation  of  their  peculiar  vital  endowments,  determines  an 
afflux  of  bhxid  towards  the  p.irts  thus  called  into  special  activity ;  and  froui  this 
it  comes  to  pass,  that  the  nutrition  of  these  textures  is  promoted,  instead  of  being 
impaired,  by  the  losses  to  which  they  are  thus  subjected;  so  that  their  constant 
exercise  occasions  an  augmentation,  rather  than  a  diminution,  of  their  substance, 
' — a  due  supply  of  the  rc<iuisite  materials  being  always  presupposed. 

345.  Thus  it  comes  to  pass,  that  during  the  whole  period  of  active  life,  a  de- 
mand for  Nutrition  is  created  by  every  exertion  of  the  vital  powers,  hut  more 
especially  by  the  evolution  of  the  Nervous  and  Muscular  forces.  The  production 
aud  application  of  these,  indeed,  may  be  considered  as  the  great  end  and  aim  of 
the  Human  organism,  fo  fur  at  least  as  the  individual  is  concerned;  the  whole 
apparatus  of  Organic  life  being  subservient  to  the  building-up  and  maintenance 
of  the  Nervo-muscular  apparatus,  and  of  those  parts  of  the  fabric  (e.(/.  the  bones, 
cartilages,  fibrous  textures^  &e.)  which  it  uses  as  its  mechanical  inHtrunients. 
Thus  the  activity  of  ail  the  Organic  operations,  when  once  the  full  measure  of 
growth  has  been  attained,  is  mainly  determined  by  that  of  the  Animal  functfons; 
and  as  the  'rate  of  life'  of  all  the  parts  which  minister  to  the  former,  will  be 
proportioned  to  the  energy  with  which  they  are  called-upfia  to  perform  their 
functions,  their  duration  will  diminish  in  the  same  proportion,  anrl  hence  occasion 
will  arise  for  their  continual  renewal.'  But  since,  in  the  attainment  of  the  adult 
condition,  the  prwluctive  capacity  bus  undergone  a  gradual  diminution,  whilst 
the  exercise  of  the  animal  powers  has  become  vastly  increased,  the  forniative 
prooesses  are  only  capable  of  maintaining  the  organism  in  its  state  of  complete- 
ness and  vigour,  by  making-good  the  losses  consequent  upon  the  continual  disin- 
tegration to  which  it  is  subjected  by  its  nervo-muscular  activity.  And  with  the 
advance  of  years,  the  further  diminution  of  the  productive  capacity  involves, — 
on  the  one  hand,  a  progre^nive  decrease  in  the  substance  of  the  tissues  and  organs 
most  important  to  life  (their  bulk,  however,  frequently  remaining  unchanged,  or 
even  increasing,  in  consequence  of  the  accumulation  of  fat), — and  on  the  other, 
a  gradual  weakening  of  its  powers  of  action.     (See  chap,  xviii.) 

'  Bncb  an  excellent  illustratioa  ta  afforded  hj  the  phenomena  of  Yegctatien,  of  the  doo- 
trinee  here  proponnded,  that  it  ecarcelj  appears  dcairable  to  pans  it  by  in  this  place,  al- 
though it  has  been  elsewhere  more  fully  referred-to  ("  Paiwc.  or  Comp,  Phts,"  j{  265,  868, 
Am.  Ed). — TheleaTes  of  Plants  senre,  like  the  absorbing  and  assitnilating  cells  of  Animals, 
for  the  introduction  and  elaboration  of  the  nutritive  materials  which  are  to  be  applied  to 
the  exteoaion  of  the  fabric;  the  more  permanent  and  inactive  partd  of  which  are  thus 
generated  at  the  expense  of  materials  prepared  bj  the  vital  operations  of  the  more  tran- 
ntory  and  energetic  ({  20).  Now  there  is  an  obvious  limit  to  the  duration  of  the  leaf- 
eelli;  but  this  limit  is  not  precisely  one  of  time,  being  rather  dependent  upon  the  tomplt- 
ttom  cf  their  t«rie»  of  vital  aeliotu.  Thus,  although  we  are  accustomed  to  look  upon  the 
*  fall  of  the  leaves'  (which  it  nothing  else  than  an  exaviation  consequent  upon  death)  as  a 
plwnomaiion  of  regular  seasonal  recurrence,  and  to  regard  their  replawmeut  by  a  new 
growth  aa  occurring  at  a  not  lees  constant  iDterral,  yet  experience  shows  that  these  inter- 
TaU  are  entirely  regulated  by  temperature:  for  if  one  of  the  ordinary  decidoona  trees  of 
temperate  climates  be  transferred  to  a  tropical  climate,  it  will  lire  much  faster,  ita  learea 
being  shed  far  more  frequently,  and  being  replaced  much  more  speedily;  so  that  two,  or 
even  three,  saocMsive  exuriations  and  reproductions  of  ita  foliage  may  take  place  w>thi» 
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346.  The  performance  of  the  function  of  Nutrition,  the  demand  for  which 

arises  out  of  the  causes  that  have  been  now  discue&ed,  is  dependent,  not  merely 

upon  a  due  supply  of  pure  and  well-eluborated  blood,  but  also  upon  the  normal 

condition  of  the  part  to  be  nourished,  and  especially  upon  its  poaeauoa  of  a 

right  measure  of  'formative  capacity;'  in  virtue  of  which,  the  Dewly>produced 

tissues  are  generated  in  the  likeness,  as  well  as  in  the  place,  of  those  which  have 

become  effete.     The  exactness  of  this  replacement  is  most  remarkably  shown  in 

the  retention  of  the  characteristic  form  and  structure  of  each  separate  organ  or 

part  of  the  body,  and  thus  of  the  eutire  organism,  through  a  long  scries  of  years; 

no  changes  being  apparent  (so  long  as  the  state  of  bealtli  is  preserved),  but  eucb 

as  are  coufonnable  to  the  geoenil  type  of  that  alteration  which   the  orgtnisin 

undergoes  with  the  advance  of  life.     And  not  only  is  this  to  be  notioed  in  the 

conserratioQ  of  all  tbo^  disdnguishing  points  of  structure  which  mark  the 

species,  and  are  cssentiul  to  its  well-being ;  but  it  is  still  more  remarkably  dis> 

played  in  the  continuous  renewal  of  those  minor  peculiarities,  which  constitute 

the  characteristic  features  of  the  individual,  and  which  serve  to  distinguish  him 

pfrom  hi^  fellows.     And  bow  much  this  depends  upon  the  formative  capacity 

^jDrigioally  derived  from  the  germ,  is  evident  from  tbis^  that  a  similar  moulding 

[so  to  speak)  of  the  nutritive  material  takes  place,  in  its  original  development,  at 

nrst  into  the  form  characteristic  of  the  species,  and  afterwards  into  that  which 

lynarks  the  individual ;  and  that  the  peculiarities  of  the  individual  are  freqneaily 

[iRich  as  have  been  distinctive  of  one  or  other  of  the  parents,  or  present  a  combi- 

l^tion  of  both.     But  it  is  curious  that  the  formative  power  should  often  be  eier- 

Ijeised,  not  only  in  maintaining  the  original  type,  but  also  in  keeping-up  seise 

[acqutred  peculiarity;  as,  for  example,  in  the  perpetuation  of  a  cicatrix  let\  after 

the  healing  of  a  wound.     For,  as  Mr.  Paget  bas  remarked,  the  tissue  of  a  cica- 

rix  grows  and  assimilates  nutrient  material,  exactly  as  do  iis  healthy  ncighboor- 

log  tissues ;  so  that  a  scar  which  a  child  might  have  said  to  be  as  long  as  his 

own  fore-finger,  will  still  be  as  long  aa  bis  fore-finger  when  ho  becomes  a  man. 

^nd  when  the  mode  of  nutrition  in  any  part  has  been  altered  b}'  disease,  there 

^}a  frequently  an  obstinate  ten<lency  to  the  perpetuation  of  the  same  alteration ; 

filler,  if  the  bealtliy  action  be  for  a  time  restored,  there  is  a  peculiar  teodenoy  to 

[the  renewal  of  the  morbid  process  in  the  part;  atid  this  is  stronger  the  more  ixe- 

[ijuently  it  occurs,  until  at  bst  it  becomes  iuvcteratcly  established.     There  is, 

Ijiowever,  in  the  Tissues  generally,  as  in  the  Hlood  (§  223),  a  general  tendency  to 

•a  return  to  the  normal  type,  after  it  has  undergone  a  temporary  perversion ;  and 

»ibua  it  is,  that  we  find  the  typicul  structure  of  parts  graduiilly  restored,  when 

fihe  morbid  tendency  has  been  overcome;  and  that  even  cicatrices  and  indura* 

tions,  ootwitbstaoJiog  their  usual  obstinate  persistence,  occusionally  disappear. 

The  normal  type  is,  perhapaj  less  likely  to  be  thus  recovered,  when  the  departure 

from  it  is  very  slight,  and  consists  mlher  in  the  wrong  plan  (go  to  speak)  on 

which  the  new  matter  is  laid-down,  than  in  a  perversion  of  the  nutritive  prooeM 

itself 

847-  Of  the  mode  in  which  the  substitution  of  new  tissue  for  that  which  has 
become  effete,  is  effected  in  tho  process  of  Nutrition,  our  knowledge  is  at  present 
limited ;  but  there  can  be  little  doubt  that  it  nearly  always  takes  place  in  a 
manner  closely  conformable  to  the  first  development  of  each  tissue.  In  some 
instances,  there  is  an  obvious  rcplaccmtnt  of  the  old  and  dead  by  the  young  and 
active  elements  :  this  is  the  case,  for  example,  in  the  constantly-repeated  produc- 
tion of  the  Epidermic  and  Epithelial  layers ;  for  wbether  they  are  developed 
from  germs  imbedded  in  the  subjacent  basement- membrane,  or  from  nuclei 
formed  de  novo  in  the  blastema  on  its  free  surface,  or  by  the  duplicative  sub- 
division of  pre-existing  c^lls,  there  is  a  continual  succeH^ioa  of  new  cells,  which 
take  the  place  of  those  that  are  cast-off  as  defunct  and  useless.  8o  in  the  growth 
of  Hair,  the  increase  of  which  takes-place  only  at  its  base,  we  can  trace  at  any 
period  the  same  development  of  newly-formed  spheroidal  oells  into  homy  fusifom 
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fibrpf ,  «8  tbat  whicli  occurred  when  firet  the  hair  began  to  Bpront  from  the  agcre- 
gation  of  epidermic  cells  at  the  bottom  of  its  follicle.  So,  again,  in  the  vesicu- 
lar tissue  which  constitutes  the  essentia]  part  of  the  Nervous  centres,  there  are 
appearances  which  indicate  that  its  peculiar  cells  are  in  a  state  of  continual 
development,  newly-formed  pranplionic  vesicles  taking  the  place  of  those  which 
have  underfjone  disintegration.  But  there  are  other  textures,  whose  nutrition  is 
more  completely  inferitidof ;  their  elements  being  more  closely  colierent,  and 
their  newly-formed  portions  beinp  developed  throughout  the  substance  of  the 
old,  instead  of  (as  in  the  case  of  the  epiderniis  and  its  appendnpes)  mjtrrfinaUy 
or  in  mere  continuity  with  it.  Such  is  the  case,  for  example,  with  Muscle,  the 
mode  of  whose  nutrition  has  not  yet  been  elucidated.  We  can  only  infer  from 
analofry,  that  here  too  each  fibre  or  fibriJ  will  pass,  in  the  course  of  its  devclnp- 
ment.,  through  the  same  stapes  which  those  of  the  embryo  did  when  its  muscles 
were  first  formed.  And  this  analopy  seems  to  derive  support,  from  the  presence, 
in  all  well-nourished  muscles,  of  bodies  which  bear  the  appearance  of  nuclei; 
for  tbeae,  as  Mr.  Paget  rtmarks,  "are  not  the  loitering  impotent  remains  of  cm- 
biyonic  tiasue,  but  germs  nr  organs  of  power  for  new  formation."  And  it  is 
farther  confirmatory  of  this  view,  that  losses  of  substance  of  mni?cle  which  in- 
volve the  destruction  of  these  centres  of  nutrition,  arc  not  replaced,  like  loasca 
of  cnticle,  by  new  tissue  of  the  same  kind;  the  power  to  form  it  not  being  in- 
herent in  the  blood  or  in  the  neighbouring  ports.  Neverthclcaj  it  must  be 
admitted  that  no  intermediate  stages  of  development  can  be  traced  in  the  fibres, 
even  of  those  muscles  of  the  adult  which  are  in  most  constant  use,  and  of  which 
the  nutrition  is  the  most  a(^ive,  that  are  at  all  comparable  to  those  which  are 
zoet-with  in  the  muscular  tissues  of  the  embryo. — With  regard,  again,  to  the  in- 
terstitial nutrition  of  Bones  and  Teeth,  we  know  nothing  whatever.  That  some 
movement  of  nutritive  fluid  is  continually  taking  ptucc  through  them,  is  made 
Dt  by  the  effects  of  madder  in  gradually  tinging  even  the  bones  and  teeth 
e  adult,  though  for  such  a  change  a  much  longer  period  is  required  in  the 
■dull  than  in  the  young  animal;  how  far  this  movement,  however,  is  subservient 
to  any  continual  change  of  substance,  still  remains  doobtfnl.  If  the  supply  of 
blood  be  withdrawn  from  a  tooth  or  from  a  bone,  or  even  from  a  part  of  the 
latter,  the  structures  thua  cut-off  from  connection  with  the  act  of  nutrition,  soon 
die,  become  detached  from  the  living  parte  around,  and  are  thrown-out  of  tho 
body.  Of  this  we  have  a  very  good  example  in  the  annual  exuviation  of  the 
antlers  of  the  Deer,  which  is  brought-about  by  the  choking-up  of  the  Haversian 
canals  that  give  passage  to  blood-vessels,  with  concentric  osseous  deposit.  Some- 
thing of  this  kind  seems  to  be  continually  taking-place  in  ordinary  Bone,  upon  a 
more  limited  scale;  individual  Haversian  systems  being  removed  by  absorption, 
and  being  replaced  by  new  formations  of  the  same  kind,  probably  during  its 
whole  life,  without  any  change  in  external  configuration  (^§  348). 

848.  Of  the  modes  in  which  the  effete  particles  of  tissues  whose  term  of  life 
has  expired,  or  whose  vital  energy  has  been  exhausted,  are  removed  and  disposed- 
of,  onr  present  knowledge  is  no  less  imperfect  In  the  case  of  thore  tissues  which 
are  niprrjictal/y  nouriahed,  a  continual  loss  of  substance  is  obviously  taking- 
place,  by  the  exuviation  of  dead  particles  en  maae ;  this  is  the  case  with  the 
whole  series  of  Epithelial  aud  Epidermic  cells,  which  are  thrown-off  with  little 
previous  change,  like  the  leaves  of  trees,  their  decay  not  taking  place,  for  the 
moct  part,  until  after  they  have  become  detached  from  the  organi.«»ro.  But  the 
tatet  is  altogether  different  with  regard  to  those  whose  nutrition  is  inttrttitial, 
e^ieoially  the  Nervous  and  Muscular  tissues ;  for  the  decomposition  of  these 
woold  aeem  to  occur  in  their  very  substance,  its  products  being  taken-up  by  the 
blood,  and  subsequently  eliminated  from  it  by  organs  appropriated  to  that  pur- 
pose, as  is  indicated  by  Chemical  evidence.  For  on  the  disintegration  nf  the 
iminons  constituent  of  Muscle,  it  appears  to  resolve  itself  into  two  classes  of 

fwaods;  one  of  them  rich  in  carbon,  ibe  other  in  nitrogen;  the  former  ia 
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represented  in  the  'juice  of  flesh'  (the  peculiar  'extractive'  of  which  Ib  much 
ijjcreased  iu  amount  hy  exercise  of  the  muscle)  by  inoaitc  or  tnuscle-sugar,  by 
lactic  acid,  and  under  certain  conditions,  by  fat;  the  latter  by  creatine  and  crea- 
tiniue.  The  former  class  of  products  is  tukeii-up  into  the  bluod,  to  be  eliminated 
from  it,  partly  through  the  intermcdiatioo  of  the  liver,  by  the  respiratory  pro- 
cess; the  latter  is  in  like  manner  conveyed  by  the  circutating  current,  to  the 
kidneys,  the  creatine  beinp  for  the  moat  part  converted  into  urea,  —  As  regards 
the  Nervous  substance,  however,  no  equally  definite  proof  of  this  kind  can  at 
present  be  afforded;  since  its  normal  constitution  is  not  yet  sufficiently  under- 
stood, to  enable  the  producta  of  its  disiolcpration  to  Ito  certainly  distinguished. 
— A  reraarkablo  indication  has  been  recently  afforded,  by  the  microscopic  exami- 
natitvn  of  Bone,  that  the  older  portions  of  its  Bub»tunco  are  removed  from  time 
to  time,  and  that  i^pacc  is  thus  provided  for  the  deposit  of  newly-formed  tissue, 
in  its  stead.  For  tnitisverse  sections  of  long  bones  usually  exhibit,  in  some  (Mirt 
of  their  area,  irregularly-shaped  spaces,  having  an  emarginated,  festooned,  and 
oflen  jagged  outline  (Figs.  Si,  85),  similar  to  that  found  on  the  surface  of  bone 
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The  tame,  from  a  less  compact  part 
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which  baa  been  reraoved  by  exfoliation,  or  to  that  of  the  fang  of  a  tooth  which 
has  been  partly  absorbed,  There  is  every  indication,  from  a  comparison  of  the 
varinas  conditions  presented  by  these  *  Haversian  spaces,'  both  as  to  form,  size, 
and  situation^  that  they  are  left  by  the  partial  or  complete  removal  of  '  Haversian 
pystems,'  which  previously  occupied  the  same  situations.  They  are  exceedingly 
numerous  and  larjie  in  newly-formed  bone  situated  near  ossifying  cartilage,  so 
as  frequently  to  afford  room  for  the  development  of  two  or  more  '  Haversian 
pystenis'  in  their  interior;  while  in  older  bone  they  arc  far  less  numerous,  and 
generally  less  in  size,  so  that  by  the  J3xcavation  of  one  of  these  spaces  within  an 
old  '  Haversian  system,'  a  new  one  may  be  formed  of  much  smaller  dimensions 
(Fig.  86,  e).  The  persistence  of  portions  of  those  older  'Haversian  systems' 
which  have  undergone  partial  absorption,  appears  to  account  for  the  presence  of 
the  'interstitial  lamina'  (fr,t),  which  fill-up  the  spaces  between  the  existing 
'  Haversian  systems,'  and  of  which,  as  they  have  not  any  obvious  centres  of  nu- 
tritive supply,  no  other  salisfuctory  explanation  can  be  given.  Such  appearances, 
indicative  of  alternate  acts  of  absorption  nud  reproduction,  arc  seen  in  the  booM 
Qf  dd  ua  well  as  of  young  or  middle-aged  subjects;  tut  their  frequency  dimi- 
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TruifTFne  lection  of  oomp*ct  Bone,  tliowing  the  ordinary  «ppranine«f ; — a,  HsTersiui  lytism  J 
b,  b,  interttiUal  laminm  j  e,  new  Uaveman  system  within  an  older  one. 

nisbe?  with  the  increasing  age  of  the  individual.'  —  So  far  as  can  be  gathered 
from  the  foregoing  facts,  and  from  others  of  the  same  order,  the  process  of  in- 
terstitial decline  and  death  usualljr  takcfi  place  too  rapidly  for  its  stages  to  be 
perceptible,  and  is  immeJiatelff  Ibllowed,  in  the  normal  condition  of  tho  Bjfltem, 
bj  the  remoTal  of  the  effete  particles ;  so  that  it  ia  onlj  when  this  removal  is 
fraio  any  cause  obstructed,  as  happens  in  llje  eases  to  be  presently  cited,  that  we 
■ee  any  indication  of  the  stayet  through  which  iho  di*integniting  tissues  pass.* 

349.  There  is  one  remftrkable  form  of  degeneration,  however,  which  is  cotnmoii 
to  nearly  all  the  tti!^ ue>4,  and  which  ^ecms  io  occur  as  a  ooruial  aEteration  in  many 
of  them  at  an  advanced  period  of  life;  this  consists  in  the  conversion  of  their 
albuminous  or  gelatinous  materiiits  into  fat,  thus  constituting  what  is  known  aa 
/attt/  degeneration.  That  this  change  is  not  due  to  the  removal  of  the  normal 
coniponenta  of  the  tissues,  and  the  substitution  of  newly-deposited  fatty  matter 
ID  their  place,  but  is  (in  most  cases  at  least.)  the  result  of  a  real  conversion  of 
the  one  class  of  substances  into  the  ether,  tuay  now  be  considered  as  well  ascer- 
tained.' And  there  are  certiiin  facts  which  indicate  that  this  kind  of  degenera- 
tion is  a  part  of  the  regular  scries  of  processes,  by  which  tissues  that  have  served 
their  purpose  in  the  economy  are  prepared  for  being  removed  by  absorption ;  one 
of  the  most  remarkable  being  the  olrfserrations  of  Virchow'and  Kilian'with 
regard  to  the  fatty  degeneration  of  the  muscular  tissue  of  the  uterus  after  partu- 
rition. So,  as  Mr.  Paget  has  pointcd-out,  the  fibrinous  and  corpuscular  product* 
of  inflammation  are  often  brought  into  a  state  fit  for  absorption,  by  passing 

'  See  the  Memoir  by  MeRsrs.  Tomes  and  De  Morgan  'On  tho  Structure  and  Develop- 
ment of  Booe,'  in  "  Philos.  Trane^act.,"  1863.  p.  111. 

*  Fully  recoguicing  the  importance  of  Dr.  Lyon's  ingvnioaa  enquiries  on  '  Histolyna 
(»ee  "Proceed,  of  Royal  Iriab  Acad.,"  vol.  v.,  part  iii.,  Hud  "  Brit,  and  For.  Med.-Chir. 
Rev.,"  vol.  xii.,  pp.  4fi4,  632),  the  Author  cannot  regnrd  the  chnnges  which  Cake  place  in 
tiasucs  dceotnposiDg  oat  of  the  body,  aa  throwing  mnch  light  upon  the  processes  of  dege- 
beration  that  take  place  during  the  Intter  period  of  their  life. 

•  For  a  very  complete  riew  of  the  present  state  of  our  knowledge  of  the  whole  snbject 
of  Patty  Degeneration,  see  Dr.  Hnndfield  Jones's  Articles  in  the  '*  Brit,  and  For.  Med  - 
Chir.  Rer.."  vol.  xi.,  p.  327,  and  vol.  lii.  p.  80. 

*  •'  Verhandlungen  der  Geselli*cbiift  fur  GeburlshUlfe,"  Berlin,  vol.  iii.  p.  ivii. 

•  ••Heal4  UD*i  Pfeuffer's  ZeitAchrift,"  vol.  ii.  p.  1. 
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Boftenlng  fibrine  from  r  rein-oloL    Tbe  dvk 
poinU  axft  minuta  oil  drop*.] 


through  tliia  intermediate  stage ;  tbo  Bbrinous  substance  being  observed  to  be 
dutt«d  by  frranules,  which  are  known  to  be  oil-particles  by  their  peculiar  ehiniog^ 
black-edged  appearauoe,  and  at  tbe  sarae  time  Insiug  its  toughnesa  and  elasticity, 

and   being    no    longer  rendered    trans- 
[Tio.  8T.  parent  by  acetic  acid  (Fig.  87) ;  whilst 

the  lymph-cells  pre,sent  a  similar  in- 
crease of  ebining  black-edged  particles 
like  minute  oil-drops,  whioh  accnniulate 
until  they  nearly  fill  the  cell-cavity, 
their  nuclei  at  the  same  time  gradually 
finding  and  disappearing.'  Thus,  then, 
if  tbe  fai,  which  is  one  of  the  products 
of  this  regressive  metaoiorphosis,  be  ab- 
sorbed as  fast  as  it  is  formed,  and  the 
effete  tissue  be  replaced  by  a  new  pro- 
duction (fts  seenis  to  be  the  case  with 
Muscles  in  a  state  of  healthy  activity),  there  is  no  appearance  of  degeneration, 
and  tbe  nutrition  is  kcpt-up  to  its  normal  standard.  So  if,  from  the  advance  of 
Bge,  or  from  the  insufficient  exercise  of  the  muscles,  their  nutrttiou  take  place 
less  rapidly  than  their  waste,  whilst  the  products  of  their  degeneration  are  atilj 
removed^  simple  atrophy  is  the  result.  If,  oa  the  other  hand,  the  general  con- 
ditions being  similar,  the  fat  produced  in  degeneration  be  not  absorbed,  but 
remain  in  the  ti.'^sue,  an  obvious  *  fatty  degeneration  '  is  the  result.  This  seems 
most  likely  to  happen  either  (1)  when  the  fat  is  thus  produced  in  such  exoe«nv6 
amount,  that  the  ordinary  rate  of  its  absorption  (corresponding  with  that  of  iti 
elimination  by  the  cnmbustive  process)  does  not  provide  for  its  removal ;  which 
will  occur  when  a  large  amount  of  tis.sue  is  undergoing  degeneration  at  once,  as 
in  the  case  of  the  uterus  after  parturition : — or  (2)  when  the  blood,  being  already 
highly  charged  with  respiratory  material,  is  indisposed  to  receive  an  addiiiooi" 
amount  of  fat;  and  it  is  probably  in  part  from  this  cause,  thut  the  habitual  pr 
sence  of  Alcohol  in  the  blood  strongly  predisposes  to  fatty  degeneration,  as 
proved  by  the  very  large  proportion  of  intemperate  individuals  among  the  mit 
jects  of  the  more  aggravated  forms  of  this  disorder.  For  (he  extraordioar 
aptitude  for  the  combu&tive  process  which  is  characteristic  of  Alcohol,  gives  il 
such  a  preference  In  this  operation  over  the  ordinary  combuslive  material,  thai] 
the  coni'ersion  of  the  laeter  by  oxidation  into  carbonic  acid  and  water  is  kept 
back,  so  long  as  Alcohol  is  present;  and  thus  the  blood  of  drunkards  becomes 

highly  charged  with  lat,  that  it  might  be  itaelf  con^ 

t^'**'  ^^'        ,  _        sidered  to  be  in  a  state  of  fatty  degeneration  *  (Fig.  88) 

JfiU"*^  ®  •  ^  •   *     This   distinct   indication   of   the  operation  of  Alcoht 
^  ®**i^jL®  °'^*fiJ   habitually  received  into  the  blood  in  large  quantitic 
^Co*^  ^sS   (^^  oq  ^     afibrds  an  obvious  indication  that  the  habitual  consumj 
^9    ©@   " f^^*  *     *'**"  ^^  ^^''^^  *  much  smaller  amount  will  tend  to  prtv'' 
«•  ^**«*^*  ^  **Sk   <^uce  fatty  degeneration  at  more  remote  periods  and  in  a 
•  ,    <S({/~p*  •  ®  •      '*^  aggravated  degree;  and  the  participation  which  thi» 
^^P  fl^  ^^vP  •  ^  m%*  f  state  has  been  shown   to  have  in  the  production  of 
large  proportion  of  tbe  diseases  of  Old  Ago, — espcciallj 
Fat  in  Blood,]  by 'the  changes  it  induces  in  the  texture  of  the  heart, 

and  of  the  walls  of  the  blood-vessels  (which  are  particularly  liable  to  it), — fully 
bears-out  thi.9  idea. 

•  See  Mr.  Paget's  "Lectures  on  Surgical  Pathology." 

*  The  qunntit/  of  fnt  in  the  blood  of  drunkards  hna  l>een  found  in  some  cases  to  be  *> 
much  IL9  117  partfl  in  lOOO  (Lccanu),  Ihe  kigh«at  estimnte  of  tbt^  quantity  id  bcKlth  being, 
8-65  parts.  Scfaarlau  b&s  found  as  much  as  80  per  cent,  mort'  carbon  in  the  blood  of  »'' 
drankfird,  than  in  that  of  a  healthy  mnn. — See  Dr,  llusa'a  treatise  on  "  Alcuholisnua 
Chronicoa,"  Ilokitiuiskj'B  "  llftndbuch  tier  nlig^cmeimen  pathologiHcben  Anatomie,"  baud 
iv.,  and  •'  Brit  and  For.  Med  -Cbir.  Hev.,  vol.  zii.,  pp.  83,  84. 
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SdO.  It  may  be  stated  as  a  general  rule,  that  no  nh<<orption  of  the  materials 
of  tissues  can  take-plaoe,  without  a  prcvioas  de^cneratiuu  such  as  this,  or  a  more 
complete  decomposition.  There  is  no  evidence  that  any  healthy  tissue  is  ever  thus 
absorbed,  or  that  any  preternaturiil  activity  of  the  absorbent  vessels  can  ever  (as 
formerly  supposed)  be  the  occatinn  of  a  loss  of  substance;  in  fact,  so  long  as  the 
vital  force  is  in  active  operation  in  a  part,  and  its  processes  of  growth  and  deve- 
lopment are  being  normally  carried-on,  puch  absorption  may  be  considered  to  be 
impossible.  On  the  other  bund,  if  a  part  die  en  masge,  it  is  not  removed  by  ab- 
sorption, but  becomes  isolated  by  the  separation  and  recedence  of  the  living  parts, 
and  is  then  cast-out  altogether,  even  from  the  interior  of  the  body,  as  we  see  in 
the  OBse  of  a  necrosed  bone ;  itji  condition  being  then  essentially  the  same  ns  that 
of  the  outer  layers  of  the  tegumentary  orpans,  which  are  cut-off,  by  their  distance 
from  a  vascular  surface,  from  all  further  nutrient  change.  The  difference  between 
these  two  modes  of  removal  is  well  seen  (as  Mr.  Paget  has  remarked)  in  the  case 
of  the  Teeth;  for  the  tangs  of  the  deciduous  teeth  undergo  degeneration,  when 
the  current  of  nutrition  is  diverted  towards  those  which  are  to  succeed  them, 
their  materials  being  slowly  decomposed  so  as  to  become  soluble,  and  being  gra- 
dually removed  by  absorption,  so  that  nothing  is  left  at  last  but  the  crowns  of 
the  teeth ;  on  the  other  hand,  the  permanent  teeth,  which  are  not  to  be  succeeded 
by  others,  when  no  longer  receiving  their  due  nutrition,  die,  and  are  cast-out 
entire. 

351.  Among  the  conditions  of  healthy  Nutrition,  ft  due  supply  of  Nervous 
power  is  commonly  enumerated ;  and  it  cannot  be  questioned  that  the  want  of 
BQch  a  supply  is  fretjucntly  the  source  of  a  perversion  of  the  norma!  operations. 
This,  however,  by  no  means  proves  that  the  formative  power  is  derived  from  the 
oen'ous  system ;  and  such  an  idea  is  at  once  negatived  by  a  number  of  incon- 
testible  facta  (§  33).  Yet  it  may  be  freely  admitted  that  the  right  direction  and 
at»plicatioD  of  this  power  in  Nutrition,  may  sometimes  depend  upon  guidance  end 
direction  afforded  by  the  Nervous  centres,  in  the  same  manner  as  iho  Secreting 
pffOoeM  is  capable  of  being  thus  affected ;  in  fact  we  can  scarcely  explain  in  any 
other  mode  that  influence  of  mental  states  op<m  the  nutrient  operations,  which 
frequently  leads  to  very  important  modifications  of  them. — The  whole  of  this 
sabject,  however,  will  be  more  appropriately  considered  hereafter  (chap.  XV).' 


2.    Varifing  Activiti/  of  (lit  Nutrxtxve  Procesta. — Reparative  Operatiota, 

852.  Without  any  change  in  the  rharncter  of  the  Nutritive  processes,  there 
may  be  considerable  variations  in  their  Jeijree  of  activity  ;  and  this,  as  regards 
either  the  entire  organism,  or  individual  parts,  thovgh  most  commonly  the  latter. 
These  variations  may  be  so  considembto  as  to  constitute  Disease ;  though  there 
are  some  which  take  place,  as  part  of  the  regular  serieH  of  Physiological  pheno- 
mena. Thus,  as  we  have  peon,  it  is  to  the  excess  of  formative  activity,  that  the 
ioerease  of  the  organism  in  the  earlier  period  of  life  is  due,  its  'waste'  being  at 
th«  aaine  time  extremely  rapid  ;  whilst  it  is  to  a  corresponding  reduction  in  the 
regenerative  power,  and  not  to  positive  excess  of  'waste'  or  decay  {l\m,  indeed, 
taking  place  very  slowly),  that  the  gradual  decline  of  the  organism  in  advancing 
years  is  to  be  attributed.  So  also  we  find  that  local  as  well  as  general  variations 
may  take  place,  as  a  part  of  the  regular  series  of  vital  phenomena;  and  this 
daring  the  period  of  adult  life,  as  well  as  in  the  earlier  and  later  epochs.  Thus 
ail  tboM  differences  in  the  proportional  development  of  the  several  parts  of  the 
organism,  which  mark  the  distinction  between  the  adult  and  the  child,  even 
where  (as  io  the  case  of  a  dwarf),  there  is  no  difference  in  stature,  result  from  a 

•  In  the  treatment  of  this  enbjeet,  the  Anthor  baa  made  use  of  many  valuable  illnstra- 
tiona  oontained  ia  tJie  &r«t  three  of  Mr.  Pvget's  "  Lectorea  on  Surgical  Pathology ;"  the 
gtncral  doetfioea,  however,  being  snch  as  he  bad  himself  expressed  on  many  previoni 
occasions. 
■  22 
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decline  iu  the  formative  capacity  of  those  vhicb  are  peculiarly  adapted  to  the 
wants  of  the  earlier  Btngo  (the  Tlij'inus  gland,  for  example),  and  from  an  increased 
activity  of  Dutrition  ia  those  which  are  destined  to  the  uee  of  the  adult,  the 
Generative  organs  more  particularly.  And  the  intermittent  activity  of  the  sexoal 
apparatus  of  the  female  affords  a  remarkahle  example  of  the  same  principle;  this 
being  marked,  not  merely  in  the  etiornious  develapuicrtt  of  the  uterus  and  mam* 
mary  glanda  as  a  consequence  of  conception,  hut  in  the  periodical  change  which 
takes  place  in  the  ovaries,  whereby  the  ova  are  matured  and  thrown-off  at  certaia 
regular  intervab.  The  decline  io  the  formative  power  of  these  same  or^na, 
moreover,  when  as  yet  the  organisim  in  general  phows  hut  little  indication  of  de- 
terioration, 18  another  characteristic  example  of  the  variation  in  Nutritive  activity! 
resulting  from  the  inherent  endowments  of  the  part,  and  esseEtially  irrospectire  i 
of  the  condition  of  the  blood,  of  the  circulalioo,  and  of  the  org^aniem  as  a  whole; 
although,  as  formerly  shown  (§219),  the  production  and  maintenance  of  other 
and  apparently  unconneoted  organs  are  comphmentally  dependent  upon  the  fbr-j 
mative  activity  of  the  Generative  apparatus. 

353.  The  abnormal  excess  of  Nutritive  change  which   properly  cnn!<ititutet ' 
Ifypertfophi/,  appears  to  depend  upon  a.  departure  from  one  or  other  of  the  con- 
ditions, under  which,   as  already  epecitied,  the   change   normally  takes  place; 
namely,  the  right  composition  of  the  blood,  a  due  supply  of  ^uch  blood,  and  a ' 
proper  formative  capacity  in  the  part  itself — Of  the  excees  of  nutrition  resulting, 
from  the  presence  of  an  excess  of  the  peculiar  materials  of  certain  tissues  in  th« ! 
circulating  fluid,  examples  have  already  been  given  (§340);  it  is  important  to] 
remark,  however,  that  although  hypertrophy  may  be  thus  induced  in  any  of  ihej 
tisBucd  which  cunstilute  the  iTit«trumeuta  of  ifrynnic  life,  yet  there  is  no  evidencttj 
that  either  the  Nervous  or  the  Mu.scular  appanjlue  can  be  forced  (so  to  cpeak)  to] 
an  augmentation  in  bulk,  by  the  mere  abundance  of  their  nutritive  materials.- 
With  rej^ard,  in  the  next  place,  to  the  sujiply  of  blood,  there  can  be  no  doul 
that  in   general  an  increased  flow  of  blood  towards  a  part  is  conseqnent-upon,j 
rather  than  a  cause-of,  an  excess  in  i\s  nutritive  activity;  but  still  there  are  oaseM 
in  which  its  causative  agency  may  bo  traced.     Various  examples  of  this  ht,^ 
heeu  supplied  by  the  experiments  and  observations  of  John  Hunter,  the  rccordll 
of  which  are  left  in  bia  Museum.     Thus  if  the  spur  of  a  cock  be  tran.splantcd 
from  the  leg  to  the  comb,  which  is  a  part  far  more  vascular  than  that  with  whicbi 
it  was  originally  connected,  it  undergoes  an  extraordinary  nugnientation  in  size;! 
having  in  one  instance  grown  in  a  spiral  form,  until  it  was  six  inches  long}  and] 
in  another,tourved  forwards  aud  downwards  like  a  horn,  so  that  its  end  needed  tOi 
be  often  cut,  to  enable  the  bird  to  bring  its  beak  to  the  ground  in  feeding.     8o,| 
again,  it  was  remarked  by  lluutor,  and  has  been  frequently  observed  since,  tbatj 
an  increased  growth  of  hair  often  takes  place  on  surfaces  Ui  which  there  is  aaj 
increased  dt-termi nation  of  blood  asaconseijuenee  of  (nflanimaiioii  in  some  neigh* 
bouring  part,  though  not  from   the  surface  of  the  inflamed   part  itself     So  il] 
sometimes  happens,  that  when  an  ulcer  of  the  jutegumcnts  of  the  leg  haa  long] 
existed  in  a  young  person,  the  suhjacent  bone  may  share  in  the  ineren.sed  afflux] 
of  blood,  aud  may  enlarge  and  elongate.     And  it  seems  not  improbable  that 
are  to  attribute  the  increased  thickness  of  the  cuticle,  on  parts  which  are  exposed 
to  continual  pressure  or  friction,  to  the  augmented  afilux  of  blood  which  is  detar- 
mined  to  the  irritated  surface.' 

354.  The  greater  number  of  caflca  of  Flypcrtrophy,  however,  must  undoub^ 
edly  be  referred  to  the  prebernatural  formative  capacity  of  the  part  itself;  and 
this   may  either  be   congenital   or  acquired.      Of  this   congenital   excess,   we. 
have  a  remarkuble  example  in  the  abuoruial   growth  of  an  entire  limb,  or  of 

'  It  ia  commonljr  said  that  local  Hjpcrtropfay  tnay  bo  induced  by  long-continaed  Con- 
gestion ;  hat  this  ia  uot  true  bypertrophy  ;  for  tie  bulk  of  tiic  orgao  h  not  augmenled  bjr 
the  iacrea«ed  produotjoa  of  its  normal  tiasue,  but  by  the  addllion  of  tiuae  of  «n  inferior 
tjrpe  of  organieatiou,  oa  ia  Infiammktien  (^  309).  v 
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fingers  or  toes,'  which  canoot  with  any  probability  be  referred  to  an  original 
excess  in  the  supply  of  blood,  tlie  enlargement  of  the  arteries  leading  towarfis 
such  part9  being  almost  certainly  coDseqnent  upon  their  unusually  rapid  growth, 
JQst  as  in  the  case  of  the  uterine  and  mammary  arteries  of  the  pregnant  female. 
The  most  remarkable  instances  of  the  acquirement  of  increased  formative  ac- 
tivity, are  represented  to  us  in  that  augmented  growth  of  the  nervous  and  mus- 
cular tissues,  which  is  conserjuent  upon  the  exerciflc  of  their  functional  powers. 
This  may  be  considered  as  to  a  certain  extent  a  normal  adjustment  of  the  supply 
to  the  demand ;  but  there  are  some  instances  in  which  it  takes  place  to  such  an 
extent,  as  to  become  a  positive  disease.  Thus  it  not  unfrequently  happens,  that 
if  young  persons  who  naturally  show  precocity  of  intellect,  are  encountged  rather 
than  checked  in  the  use  of  the  brain,  the  increased  nutrition  of  the  organ  (which 
grows  faster  than  its  bony  case)  occasions  pressure  upon  its  vessels,  it  bccouies 
ludarated  and  inactive,  and  fatuity  and  coma  may  supervene.  Now  although  in 
Bucb  eases  there  must  probably  have  been  some  congenital  tendency  to  preter- 
natural activity  of  the  brain,  which  manifests  itself  in  the  precocity  of  intellect, 
yot  there  is  no  doubt  that  this  may  be  augmented  by  the  *  forcing  pystem '  of 
education  ;  whilst,  on  the  other  hand,  it  may  be  controlled  by  a  system  of  manage- 
ment adapted  to  the  peculiar  circumstances  of  the  ca.<se.  Excess  of  muscular 
development  is  peculiarly  prone  to  show  itself  in  the  involuntary  muscles ;  but 
this  production  is  in  almost  every  instaocc  the  result  of  the  demand  for  incrr'ased 
muscular  exertion,  which  is  consequent  upon  some  obstruction  to  the  ut^ual  func- 
tion of  the  part.  Thus  an  extraordinary  hypertrophy  of  the  muscular  coat  of 
the  urinary  bladder  is  often  seen  as  a  consequence  of  obstruction  to  the  exit  of 
the  urine,  through  the  presence  of  a  slone  in  the  Madder  or  of  a  stricture  in  the 
urethra;  so  again,  hypertrophy  of  the  muscular  coat  of  the  gall-bladder  may 
take-place  as  a  consequence  of  obstruction  of  its  duct  by  a  gallstone ;  hyper- 
trophy of  the  muscular  coat  of  any  part  of  the  alimentary  canal  may  be  induced 
by  the  existence  of  stricture  lower  down ;  and  even  hypertrophy  of  the  heart  is 
generally,  if  not  always,  attributable  to  obstruction  to  the  exit  of  the  blood 
which  it  propels,  resulting  either  from  stagnation  of  the  pulmonary  circulation 
by  the  deficient  aeration  conjicquent  upon  disease  of  the  lungs  (in  which  case 
the  hypertrophy  is  limited  to  the  right  side  of  the  heart),  or  from  thickening  or 
induration  of  toe  semilunar  valves,  or  from  narrowing  of  the  orifices  of  the  aorta 
and  pulmonary  artery.  It  is  curious,  moreover,  to  observe  that  hypertrophy  of 
muscles  frequently  becomes  a  source  of  increased  nutrition  of  the  bones  to  which 
they  are  attached  :  this  being  manifested,  not  merely  in  the  augmented  bulk  of 
the  bones  of  limbs  that  are  specially  exercised,  but  also  in  the  increaj»ed  promi- 
nence of  the  ndges  and  processes  to  which  the  muscles  are  attached.  This  adap- 
tiveneas  on  the  part  of  the  formative  activity  of  the  osseous  tissue,  is  curiously 
manifested  also  in  the  relation  of  the  skull  to  the  brain ;  for  if  the  bulk  of  the 
brain  be  not  too  rapidly  augmented,  the  skull  will  enhrge  accordingly,  and  this 
(in  some  instances)  not  merely  by  the  eitension  of  its  normal  bones,  but  by  the 
intercalation  of  new  osseous  elements,  the  'cssa  wormiana;'  whilst,  on  the  other 
band,  if  there  be  a  diminution  in  the  bulk  of  the  brain,  the  cranium  may  adapt 
itself  to  this  also,  by  a  thickening  on  its  internal  surface  (or  concentric  hyper- 
trophy),—  this  change,  rather  than  a  diminution  in  the  entire  substance  of  the 
skull,  being  more  liable  to  tjike  place  in  cases  in  which  the  cranial  sutures  have 
already  closed,  and  the  nutrition  of  the  bone  has  become  inactive. 

355.  The  production  of  Tumours  must  be  considered  as  a  manifestation  of  an 
excess  of  formative  activity  in  individual  parts,  and  as  constituting,  therefore,  a 
species  of  Hypertrophy.  For  a  tumour  may  be  composed  of  the  tissues  which 
are  normal  to  the  part;  as  we  see  cBpecially  in  the  case  of  those  tumours  of  the 

•  A  cftBe  of  hypertrophy  of  an  entire  limb  was  deicribed  by  Dr.  John  RciJ  in  his 
"Edinb.  Monthly  Joura.,"  1843,  p.  198;  ftiid  several  cnaea  of  hypertrophy  of  the  fioftcrs 
ver«  described  by  Mr.  Curling  in  the  "  M«d.-Chir.  Trikna.,"  vol.  xxTiii. 
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iit«ni8,  wliicb  are  made-up  of  an  excess  of  its  ordinary  muscular  and  fibrous  ele- 
ments. But,  as  Mr.  Paget  hu»  justly  remarked,  "au  essential  difference  Yiea  in 
this; — the  uterus  (often  itself  hypertropbied)  in  \ts  growth  around  the  tumour 
maintains  a  normal  type,  though  excited  to  its  growth,  if  we  may  so  speak,  by 
an  abnormal  stimulus}  it  exactly  imitntcs,  in  vascularity  and  muscular  derelop 
ment,  the  prcf^nant  uterus,  and  may  even  acquire  the  like  power;  and  at  length, 
by  contractioua  like  tboae  of  parluritton,  may  expel  the  tumour  spontaneously 
separated.  But  the  tumour  imitates  in  its  growth  no  natural  shape  or  construo 
tion ;  the  lonjier  it  continues,  the  greater  is  its  deformity.  Neither  may  we 
overlook  the  contrast  in  respect  of  purpose,  or  adaptation  to  the  general  welfare 
of  the  body,  which  is  as  manifest  iu  the  increase  of  the  uterus  as  it  is  improbable 
in  that  of  the  tumour.'"  A  f!;^radation  is  establistied,  however,  between  true 
Hypertrophies  and  Tumours,  by  those  productions  of  glandular  tissue,  which  are 
made-up  of  the  proper  sub-tancc  of  the  gland  with  which  they  are  connected,  as 
the  mammary,  the  prostate,  or  the  tbyroid,  and  which  (though  frequently  en- 
cysted) are  sometimes  met-with  as  outlyiDg  portions  of  tbe  gland  itself.  — There 
is  another  class  of  objects,  to  which  Tumours  come  into  dose  relation,  and  which 
must  be  referred,  like  them,  to  a  local  eicesa  of  formative  activity ;  these  are 
the  "Bupernumerarj'  parts"  which  are  not  unfruquently  developed  during  foetal 
life,  as  for  example,  additional  finger  and  toes.  It  seems  absurd  to  refer  these, 
formed  as  they  are  by  simple  outgrowth  from  the  limbs  to  which  they  are  attached, 
to  the  "fusion  of  germs"  which  has  been  hypotbetieally  invoked  to  explain 
more  important  excesses,  as  those  of  additional  limbs,  double  bodies,  or  double 
heads ;  and  yet  from  the  lower  to  tbe  bi<j;hL'r  form  of  excess,  the  transition  is  M 
gradual,  ihat  what  is  true  of  tbe  former  can  scarcely  but  be  true  of  the  latter. 
Hence  even  complclc  "double  monsters"  must  be  regarded,  not  as  having  pro- 
ceeded from  two  separate  germs  which  have  become  partially  united  in  the  course 
of  their  development,  but  from  a  single  germ,  which,  Idling  possessed  of  an 
unusual  formative  capacity,  has  evolved  iiself  into  a  structure  containing  more 
than  the  usual  number  of  parts,  and  comj^rable  to  that  which  may  be  artificially 
prwluced  by  partial  lission  of  the  bodies  of  many  of  the  lower  animals.* 

356.  We  ^Q  scarcely  fail  to  recognize,  tbruughout  this  whole  s<eries  of  abnor- 
mal  productions,  tlie  oj>eration  of  a  similar  power.  In  the  formation  of  a  super- 
numerary part,  this  has  been  sufficient,  not  merely  to  produce  the  tissues,  and  to 
devclope  them  according  to  a  regular  morphological  type,  but  to  impart  to  the 
fabrjo  thus  generated  a  separate  and  even  an  independent  existence;  thus 
evolving  an  additional  finger  or  thumb  on  each  hand,  a  double  pair  of  arms  or 
legs,  a  double  head  or  trunk,  or  even  a  complete  double  body.  In  the  hyper- 
trophy of  a  regular  or  normal  part,  tbe  new  tissues  are  still  developed  according 
to  a  regular  morphological  type ;  but  they  have  not  the  power  of  individualiziug 
themselves  (so  to  speak),  and  are  so  incorporated  with  the  narrnai  elements  as  to 
augment  the  size  of  the  existing  organ.  In  the  formation  of  a  tumour,  on  the 
other  hand,  whilst  its  component  tis-sues  are  themselves  perfectly  formed,  and 
have  a  marked  power  of  independent  growth,  the  mass  conipos*cd  of  them  is  al- 
together amorphous,  its  confij^uration  being  usually  determined  rather  by  the 
physical  conditions  under  which  it  is  produced,  than  by  any  peculiar  tendencies 
of  its  own ;  so  that  we  recogtiiao  the  action  of  the  formative  powcr»  undirected 
by  that  morphological  nistis,  which  normally  modt'Is  (so  to  speak)  the  growing 
tissues  into  the  likeness  of  the  organ  to  which  they  belong.  But  further,  in 
many  of  the  large  class  of  tumours  distinguished  as  'malignant'  (§  878),  the 

'  See  his  "  Lectures  on  Surgical  Pathologj,"  p.  819,  Am.  Ed, ;  also  Dr.  Ifandfield  Jones  ia 
"Brit,  and  For.  Med.-Chir.  Rev.,"  vol.  xiii.  p.  380;  and!  Dr.  Drlstowe  in  "Trans,  of 
I'athol.  Soo.,"  Tol.  ir.,  p.  218. 

*  See  "Princ.  of  Comp.  Phjrs.  Am.  Ed.,"  I  475;  Prof.  Vrolik  in  "Cyclop,  of  Anak  aad 
Phys.,"  art.  'Tcratolopjr,'  tuI.  It.  p.  076;  and  Prof.  Allen  Thomson  on  'Double  Monatrov- 
kjr,'  in  "£dinb.  Monlhlj  Journal,"  June  and  Julj,  1641. 
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deTelopmcnt  of  tisstic  has  not  gone  to  the  extent  of  producing  any  of  those  ppp- 
cies  of  which  the  body  is  normally  eonstitutcd ;  and  in  ihis  reepect,  as  well  as  in 
their  tendency  to  rapid  dcpeneration,  the  vitnl  endowments  of  their  clcment« 
mast  be  reckoned  as  below  those  of  the  normal  tissues. — It  is  not  always  easy  to 
draw  the  line  between  certain  tumours  and  supernumerary  parta,  especially  when 
the  production  of  the  former  is  symmetrical;  but  the  first  appearance  of  the 
latter  never  takes  place  save  during  embryonic  life,  and  their  structure  is  more 
complex,  and  is  more  conformed  to  the  plan  and  construction  of  the  body  at 
large,  than  is  that  of  tumours,  whose  production  may  take  place  at  any  period  of 
life.  And  between  those  tumours  which  ore  known  aa  '  piliferous '  and  denti- 
gerous  cysts,'  and  those  encysted  embryoes  (usually  incomplete  in  their  forma- 
tion) which  are  sometimes  found  in  the  bodies  even  of  males,  it  is  impossible  to 
establish  any  line  of  demarcation  sufficiently  precise,  to  prevent  our  recognizing 
them  as  all  having  the  same  origin,  and  being  expressions  of  the  same  power, — 
the  simple  cyst  being  a  kind  of  rude  attempt  at  the  production  of  a  distinct  indi- 
ridua],  —  and  the  encysted  embryo  being  but  tho  result  of  an  unusually  high 
development  of  a  proliferous  cyst. 

357.  The  state  of  Afrophj/  is  in  all  respects  the  very  opposite  of  that  of  Hy- 
pertrophy ;  consisting  in  such  a  reduction  in  the  rate  of  formntive  activity  of 
parts,  as  compared  with  that  of  tlieir  '  waste,*  that  their  nutrition  is  no  longer 
maintained  at  its  previous  standard;  so  that  they  are  gradually  reduced  in  bulk, 
or  degenerate  into  some  inferior  histological  type,  or  (which  is  more  common) 
undergo  both  diminution  and  deterioration  at  the  same  time.  It  is  important  to 
bear  in  mind,  that  Atrophy  may  take-place,  either  locally  or  generally,  from  an 
nnusnally-rapid  disintegration  of  the  tissues,  uncompensated  by  a  corresponding 
increase  in  the  rate  of  their  nutrition  :  of  such  local  atrophy,  we  have  a  charac- 
teristic example  in  the  rapid  reduction  of  tho  bulk  of  the  uterus  after  parturi- 
tion, and  of  the  mammary  glands  after  the  sudden  cessation  of  laetfition  ;  of  the 
general,  we  see  an  illustration  In  that  rapid  wasting  of  the  system,  which  takes 
place  in  the  irritable  state  that  results  from  excessive  and  prolonged  exertion  of 
iody  or  anxiety  of  mind,  especially  when  accompanied  with  want  of  sleep,  tho 
increased  disintegration  being  marked  by  the  presence  of  an  unusual  amount  of 
urea  and  of  the  alkaline  phosphates  in  the  urine.  Bui  in  the  ordinary  forma  of 
Atrophy,  there  is  not  merely  a  relative  but  an  abstAute  reduction  in  the  rate  of 
the  formative  process,  or  a  lowering  of  its  standard  of  perfection ;  and  here  also 
we  have  to  look  for  its  causes,  on  the  one  hand,  in  the  condition  and  supply  of 
the  blood,  and,  on  the  other,  in  the  formative  capacity  of  the  tissues  themaelves. 
' — The  Atrophy  dependent  upon  an  iosuflBcient  supply  of  nutritive  materials, 
may  be  either  general  or  partial.  General  atrophy,  or  emaciation,  is  a  necessary 
result  of  deficiency  of  food :  but  it  may  also  proceed  from  an  imperfect  perform- 
ance of  the  assimilating  processes,  whereby  the  nutritive  materials  do  not  receive 
their  requisite  elaboration,  as  in  cases  of  disease  of  the  mesenteric  glands;  or 
from  an  unusual  energy  of  the  metamorphio  processes,  whereby  the  azoti7.ed  con- 
stituents of  the  food  are  decomposed  into  excrementitious  products,  without  un- 
dergoing assimilation  at  all,  as  seems  to  be  the  case  in  diabetes.  Of  the  atrophy 
of  a  particular  tissue,  consequent  upon  the  deficiency  of  its  proper  materials  in 
the  blood,  we  have  an  example  in  the  reduction  of  the  adipose,  when  there  is  no 
surplus  of  fatty  matter  to  serve  for  it.s  nutrition,  but  on  the  other  hand  a  with- 
drawal of  the  contents  of  the  fat-cella  into  the  circulating  current,  whilst  the 
nutrition  of  the  muscular  and  other  azotizcd  tissues  may  proceed  with  its  u^uul 
vigour. — Instances  of  complete  local  atrophy,  or  gangrene,  res-ulliug  from  deficiency 
in  the  supply  of  blo(Hl  to  a  part,  arc  by  no  means  uiifret^uent;  but  it  iv.  Ifss 
common  to  meet  with  a  prolungcd  diminution  in  the  rate  of  nutrition  from  mch 
a  cause,  since  a  partial  obstruction  to  the  circulation  is  usually  removed  ul\<^r  a 
abort  time  by  the  enlargement  of  the  collateral  vessels.  Yet  there  are  peculiar 
circumstances  under  which  this  does  not  take  place ;  thus  Mr.  Curling  has  shown 
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that  atrophy  may  occur  in  that  portion  of  a  fractured  bone  which  b  cut-off  from 
the  direct  supply  of  blood  through  the  great  medullary  artery ;  the  circulation 
heing  restored  by  naa&toniosiB  to  such  an  extent  as  to  prevent  the  death  of  the 
bone,  but  not  so  coniplctfly  as  to  support  vij^orous  nutrition.' 

358.  The  most  frequent  cause  of  Atrophy  lies,  however,  in  the  deficiency  of 
formative  power  in  the  tissues  themselves,  arising  from  the  decline  of  that  capa- 
city which  they  inherit  from  the  germ.  This  decline,  as  already  shown,  takes 
place  in  the  body  at  large,  as  a  part  of  the  regular  order  of  things,  with  the  ad- 
vance of  jeara,  and  also  normally  occurs  in  particular  organs  at  earlier  periods 
of  life ;  but  it  sometimes  takes  place  prematurely,  either  in  the  body  at  large,  or 
in  particular  organs,  so  that  they  undergo  a  wasting  or  degeneration  without  any 
ostensible  oause.  Thus  it  is  not  at  ail  uncomraon  for  Articular  Cartilages  to  be 
almost  entirely  destroyed  through  defect  of  nutrition,  without  any  pain  or  other 
symptoms  to  call  attention  to  the  change  in  progress ;' and  many  similar  cases 
might  be  cited.  There  is  reason  to  believe  that  'fatty  degeneration,'  the  form 
under  which  degeneration  most  commonly  presents  itself  (§  349),  is  in  reality 
tar  more  frequent  than  simple  wasting;  hnt  it  attracts  less  notice,  because  the 
bulk  of  tho  tissues  is  little  or  not  at  all  diminished ;  end  it  h  only  when  their 
function  becomes  impaired,  that  attention  is  seriously  drawn  to  the  change.  This 
form  of  Atrophy  can  seldom  be  attributed  to  antecedent  diminution  io  functional 
activity ;  for  it  is  roost  common  in  organs  upon  which  there  is  the  roost  constant 
demand  for  the  energetic  perfonuance  of  their  respective  duties,  as,  for  instance, 
in  the  heart,  the  kidneys,  and  ihe  liver.  But  the  formative  activity  of  Musdea 
and  Nerrea  is  so  closely  dependent,  as  already  several  times  pointed-out,  upon 
the  active  exercise  of  their  functiouiil  powers,  tlmt  atrophy  is  certain  to  eupervcDe 
if  this  be  interrupted  j  and  this  atrophy  may  or  may  not  present  itself  under  the 
forui  of  fatty  degeneration;  a  shrinkage  of  the  parts,  concurrently  with  the  pro- 
duction of  an  increased  amount  of  fat  in  them,  being  perhaps  the  mode  in  which 
it  most  frequently  takci*  place.  Atrophy  of  one  part,  moreover,  may  be  dependent 
upon  atrophy  or  imperfect  functional  activity  of  another,  if  the  two  be  so  related 
in  their  normal  functions,  that  a  decline  of  one  involves  a  corresponding  decline 
in  the  other.  Thus  if  a  motor  nerve  be  paralyzed,  the  muscles  which  it  habitually 
calls  into  action  will  be  atrophied  j  and  this  will  equally  happen,  whether  the 
want  of  motor  power  depend  upon  a  deficient  production  of  it  in  the  nervous 
centres,  or  upon  an  interruption  to  its  conduction  through  (he  trunk.''.'  On  the 
other  hand,  if  the  rausclea  of  a  part  undergo  degeneration  from  want  of  use  (as 
in  disease  of  the  hip-joint),  the  nerves  which  supply  them  also  suffer.  I'he  same 
is  the  case  in  regard  to  the  nerves  and  organs  of  sense :  for  atrophy  of  the  eye 
will  occasion  atrophy  of  the  optic  nerve,  and  destruction  of  the  optic  ganglia  will 

'  "Medico-Ctiiriirgical  Trangnctions,"  to!,  xs. 

*  See  Rcdfcm,  "  On  AcormRl  Nutrition  in  ArticulAr  Cftrlilagea,"  p.  65. 

*  The  Author  has  for  Botne  lime  bad  uoder  his  observatioa  a  case  in  wbiob  tbreft  midea 
of  a  fnmilj  hare  progreasivelj  become  affected,  between  the  ages  of  H  and  5  years,  with 
fattjr  degeneration  of  the  mtisclei!,  which  has  proceeded  m  tbc  most  advanced  case  to  tba 
almost  oomfilete  obtiteration  of  their  normal  structure.  Tbia  change  had  been  considered 
b}'  mnnj  cininent  Prsclitiiiners  to  be  iitiopnthic,  tbnt  is,  to  have  its  primary  origin  in  tbt 
muscular  tieaue;  and  the  measttrcB  which  bad  been  employed  to  arrest  it  had  been  of  no 
avail  whatever.  It  was  a  strong  argument,  liowevcr,  ngaiust  such  a  view  of  the  case,  that, 
in  the  heart  of  the  eldest  Ban,  who  died  of  fever  at  the  nge  of  IG,  no  fattj  degeneration 
cuuid  be  discovered:  and  on  making  iDquirjr  into  the  histrir}'  of  (he  parents  and  of  their 
families,  ample  evidence  was  discovered  for  the  belief,  that  the  disease  was  dependent 
upon  the  want  of  functional  power  in  the  nerTOUB  centres.  Acting  on  this  view,  it  was 
reoommendcd  that  the  muscular  rj stem  should  be  kept  as  much  as  possible  io  a  slate  of 
active  exercise,  and  Chat  a  weak  galvanic  current  should  be  fre(]uentljr  tranftmitted  through 
the  limbs  from  Ihe  spine.  This  trentnicnt  bos  proTcd  so  far  successful,  that  the  progress 
of  the  disease  appears  to  have  been  arrested  in  the  mottt-advanced  case,  whilst  a  decided 
improveni'*nt  has  taken  place  in  the  condition  of  &  younger  child,  who  was  previotulj 
passing  rapidljr  into  a  state  resembling  that  of  bis  elder  brothers. 
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induce  atrophy  of  the  eyes  and  optic  nervea.  Even  the  bonea  of  a  limb  will 
safier,  in  cases  of  atrophy  of  the  muscles  consequent  apon  disuse :  for  in  an  ex- 
periment made  by  Dr.  J.  Keid,  to  dctermino  the  effect  of  artificial  exercise  in 
mnintaitiing  the  nutrition  of  niuwlea  whose  dctvps  had  been  divided,  the  bones 
of  the  quiescent  limb  only  weisrhed  81  graine,  whilst  those  of  the  exercised  limb 
weighed  89  grains.' — It  is  an  important  fact,  which  was  first  pointed-out  by  Mr. 
Paget,'  that  when  fatty  degeneration  is  commencing  in  any  tissue,  which  is  cha- 
racterized by  tbe  persistence  cjf  its  nuclei,  it  is  in  the  nuclei  that  the  first  altera- 
tions are  seen ;  for  they  become  palo  and  indistinct,  and  may  even  disappear 
altogether,  almost  before  any  other  change  is  discernible  in  the  contents  of  the 
cells  or  tubes  to  which  they  appertain  ;  but  in  atrophy  from  mere  decrease,  this 
disappearance  of  the  nuclei  does  not  occur. 

359.  Rtparativf  Procea. — The  nutritive  operations  take  place  with  extraordi- 
nary energy  and  rapidity,  in  the  process  of  Brparathn ;  by  which  losses  of 
substance,  occasioned  by  injury  or  disease,  are  made  good.  In  its  most  perfect 
form,  this  process  is  exactly  analogous  to  that  of  the  jirst  development  of  the 
corresponding  parts;  and  its  results  are  as  complet«  in  the  one  case  as  in  the 
other.  In  fact,  among  the  lowest  tribes  of  Animals,  we  find  these  two  conditions 
blended,  as  it  were,  together;  for  the  process  of  reparation  may  be  carried  in 
them  to  such  an  extent,  as  to  reproduce  the  whole  organism  from  a  very  small 
portion  of  it.  In  the  Hydra,  or  Frcsh-water  Polype,  there  would  seem  to  bo 
Bcarcely  any  limit  to  this  power ;  for,  even  if  the  body  of  the  animal  be  minced 
into  small  fragments,  every  one  of  these  can  produce  a  new  and  perfect  being. 
In  this  manner,  no  less  than  forty  have  been  artiScially  generated  from  a  single 
individual.  —  In  ascending  the  Animal  scale,  we  find  this  reparative  power  less 
conspicuous,  because  limited  in  its  exercise  to  particular  tissues  and  to  compara- 
tively insignificant  parts  of  the  body;'  and  in  Man,  as  in  other  warm-blooded 
Vertebrata,  the  regenerative  power  is  for  the  most  part  restricted  in  its  exercise, 
aa  Mr.  Paget  has  pointed-out,*  to  three  classes  of  parts; — namely,  (1).  "Those 
which  are  formed  entirely  by  nutritive  repetition,  like  the  blood  and  epithelia 
(their  germs  being  continually  generated  de  Ttovo  in  the  ordinary  condition  of  the 
body) ;  (2).  Those  which  are  of  lowest  organization,  and  (what  seems  of  more 
importance)  of  lowest  chemical  churncter,  as  the  gelatinous  tissues,  the  areolar 
and  tendinous,  and  the  bones ;  (3).  Those  which  are  inserted  iu  other  tissues, 
not  as  essential  to  their  structure,  but  as  accessories,  as  connecting  or  incorpo- 
rating them  with  the  other  structures  of  vegetative  or  animal  life,  such  as  nerve- 
fibres  or  blood-vessels.  With  these  exceptions,  injuries  or  losses  are  capable  of 
no  more  than  repair  in  its  limited  sense ;  i.  e.  iu  the  place  of  what  is  lost,  some 
lowly-organized  tissue  is  formed,  which  fills  up  the  breach,  and  suffices  fur  the 
mainteoanco  of  a  less  perfect  life."  —  Yet,  even  thus  restricted,  the  operations 
of  this  power  are  frequently  most  remarkable;  and  are  in  no  instance,  perhaps, 
more  strikingly  displayed,  than  in  the  re-formation  and  remodelling  of  au  entire 
Bone,  when  the  original  one  has  been  destroyed  by  disease.  That  this  power  ia 
intimately  related  to  that  by  which  the  organism  is  normally  built-up  and  main- 
tained, is  evident,  not  merely  from  the  peculiar  mode  in  which  it  is  exercised, — 
its  tendency  being  always  to  reprodnce  each  part  in  the  form  and  structure  cha- 
racteristic of  it  at  the  particular  period  of  life,  and  not  according  to  its  embryonic 
type, — but  also  from  the  fact  that  it  is  more  effectual  in  the  state  of  growth  than 
in  the  adult  condition,  and  that  it  can  do  far  more  in  the  embryonic  state,  when 
development  as  well  as  growth  is  taking  place,  than  after  the  developmcntid  pro- 
OMM  has  oeascd.     In  fact,  as  Iklr.  Paget  hae  remarked  (loo.  cit.),  its  amount  at 


'  "  Physiological,  AnatomicHl,  and  PatbologiGal  Researches,"  p. 

*  "Lectures  on  Surgical  Pftthology."  p.  80,  Am.  Ed, 

*  See  *'  Princ.  of  Coiup.  Phys.,"  Chap.  xL,  Sect.  8,  Am.  Ed. 

*  Op.  cit  p,  116,  Am.  Ed. 
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different  periods  of  existence,  as  in  different  classes  of  animals,  seemB  to  bear  ko 
inverse  ratio  to  the  de^ee  of  development  which  has  already  taken  place.  Thus 
it  is  well  kuown  t«:i  every  Practitioner,  how  much  more  readily  and  perfectly  the 
lesions  resulting  from  acciJcot  or  disease  are  repaired  in  childhood  and  yontb, 
than  they  are  after  the  attainment  of  the  adult  Estate.  And  there  is  evidence 
that  during  embrjonic  life,  the  regeneration  of  tost  parts  may  take  place  in  a 
degree  to  which  wc  have  Bcarcely  any  parallel  after  birth :  for  Prof.  Simpson  hw 
brou|iht'tog(nhcr  numerous  oases,  ta  which,  after  'spontaneous  amputation' of 
the  limbs  of  a  fcetus,  occurring  at  an  early  period  of  gestation,  there  has  obviously 
been  an  imperfect  attempt  at  the  rc-formntioa  of  the  amputated  part  from  the 
stump;'  and  it  seems  probable,  from  the  history  of  normal  development,  that  ia 
the  cases  in  which  perfect  handsi  and  feet  have  been  present  without  the  corre- 
spending  limbi),  these  hands  and  feet  have  been  secondary  productions  from  the 
stumps  of  amputated  limbs,  since  any  original  defect  of  development  would  have 
affi'ctcd  the  hands  and  feet  rather  than  the  arms  and  legs.  There  are  occasional 
examples,  moreover,  in  which  this  regenerative  power  has  been  prolonged  to  an 
unusually  late  period  ;  thus  an  instance  is  recorded,  on  authority  that  can  scarcely 
be  doubted,  of  the  twice-repeated  reproduction  of  a  supernumerary  thumb,  after 
it  had  been  twice  completely  removed  j,*  and  the  Author  has  been  assured  by  a 
very  intelligent  Surgeon,  that  he  was  cogm;«int  of  a  case  in  which,  the  whole  of 
one  ramus  of  the  lower  jaw  having  been  lost  by  disease  in  a  young  girl,  the  jaw 
had  been  completely  regenerated,  and  teeth  were  developed  and  occupied  their 
Bonual  situations  in  it. 

360.  It  baa  been  a  general  opinion  among  British  surgeons  (founded  apon 
what  they  believe,  but  erroneously,  to  have  been  the  doctrine  of  Hunter),  that 
loflammatitm  is  essentiiil  to  the  process  of  Reparation  There  is  no  doubt  thnt, 
nfi  nsually  conducted,  the  healing  of  wounds  is  attended  by  a  greater  or  less  de- 
gree of  Infliimmation ',  but  it  does  not  thence  follow  that  this  morbid  condition 
ii  essential  to  the  renewal  of  the  healthy  state;  and  in  fact  it  can  be  shown  that, 
in  the  nmjority  of  cases,  the  occurrence  of  InflummatioQ  is  injurious  rather  than 
beoeficial.  It  was  by  Dr.  I^Iucitriney,  that  the  first  clear  enunciation  of  this  ini* 
portant  truth  was  made;  and  his  conclusions,  founded  upon  a  philosophical  com* 
parative  survey  of  the  operationif  of  Reparation  and  Inflammation,  as  performed 
in  the  different  classes  of  animals, — namely,  *'  that  the  powers  of  reparation  and 
reproduction  are  in  proportion  to  the  indisposition  or  incapacity  for  inflammation; 
— that  inflammation  is  so  for  from  being  necessary  to  the  reparation  of  parts, 
that,  in  proportion  as  it  exists,  the  latter  is  impeded,  retarded,  or  prevented ; — 
that,  when  indammalion  does  not  exii^t,  the  reparative  power  is  equal  to  the 
origrinal  tendency  to  produce  and  maintain  organic  form  and  structure; — and  that 
it  then  becomes  a  natural  function,  tike  the  growth  of  the  individual,  or  the 
reproduction  of  the  species,"*  —  may  be  regarded  as  Bubstautiaily  correct,  al- 
though requiring  some  modiGcation  in  particular  cases. 

861.  The  simplest  of  all  the  methods  of  healing  an  open  wound,  is  tbi 
which  is  termed  by  Dr.  Macartney  *  iraraediiitc  union.'  It  is  oflen  seen  in  the 
Ciise  of  small  incised  wounds,  such  as  cuta  of  the  fingers,  or  the  incision  made  in 
venesection,  in  which  the  two  edges  can  be  brought  into  close  approximation,  so 
that  tliey  grow-together  without  any  connecting  medium  of  blood  or  lymph  ;  but 
it  sometimes  occurs  in  larger  ones,^  and  as  it  is  the  best  imaginable  process,  the 

'  ThcHe  cases  were  brought  hy  Prof,  flitnpsnn  before  the  Phyriologica!  Section  of  thl 
Britiah  ABSocialion,  at  its  Meeting  in  Edioburgh,  Aug.  18.50.     The  Aathor,  haring  b 
the  opportuoity  of  ei&miniDg  two  living  examples,  as  well  as  Prof.  SimpBon's  prepun^ 
tioDS,  is  porr«ut1jr  satisiGcd  as  t«  the  fact. 

*  See  Mr.  White's  Treatise  on  the  "  Regeneration  of  Animal  and  Vegetable  SubstaoeM," 
(1786)  p.  IG. 

"  Dr.  Macartney'i  "  Treatise  on  laflamroation,"  p.  7, 

*  Mr.  Paget  mentionB  a  case  of  extirpation  of  a  inammary  tamour,  in  which  the  greater 
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'turgecn  ought  to  favour  it  as  much  na  possible,  by  procuring  the  most  exact 
cnsptation  of  tho  wounded  parts,  nnd  by  repressing  any  tendency  to  inflntiitnation 
which  will  interfere  with  it.  This  is  the  mode  of  union  which  was  spoken-of  by 
John  Hunter  ns  'healing^  by  the  first  ititentiou.'  He  supposed  that  the  union 
takes  place  through  the  medium  of  tbe  blood  intervening  between  the  lips  of  the 
wound,  which  underpocs  organization  into  a  connecting  tUsue ;  but  it  is  now 
certain  that  although  blood  vuiif  become  organized,  especially  when  effused  into  a 
wound  secluded  from  the  air,  yet  that  its  interveutiou  opposes,  rather  than 
favours,  healine  by  immediate  union. 

862.  That  which  is  commonly  known  amongst  British  Surgeons  as  *  healing 
by  the  first  intention,'  is  that  which  was  designated  by  Fluoter  as  '  union  by 
adhesion' or  by 'adhesive  infiammation.'  This  process  takei^-place  in  the  case 
of  incised  wounds,  of  which  tho  edges  are  not  brought  into  perfect  coaptation, 
or  in  which  some  inflammatory  action  is  present,  which  gives-rise  to  tlie  effusion 
of  plastic  lymph.  In  either  case,  the  conQectinn  is  finally  re-cstabliahed  by  the 
organization  of  the  lymph,  into  which  vessels  pass  from  both  surfaces;  but  the 
intervention  of  this  bond  is  manifested  in  tbe  persistence  of  the  cicatrix,  which 
is  quite  distinguishable  by  its  peculiar  appearance  from  the  surrounding  tissue. 
A  very  good  example  of  this  process,  as  it  tnkes-pluco  under  favourable  circum- 
stances, is  presented  after  operations  for  hare-lip;  the  wound  left  by  which, 
however,  may  partly  heal  by  *  immediate  union.'  Even  the  moderate  effusion 
of  lymph,  to  a  degree  that  is  altogether  salutary,  cannot  be  regarded  as  alone 
sufficing,  under  such  circumstances,  to  constitute  Infiauimation.  Bat  it  is  well 
CDOwn  that  if  a  slight  wound,  which  is  thus  healing,  be  provoked  to  an  increased 
egree  of  inflammation,  its  progress  is  interrupted ;  and  all  the  means  which  the 
Jurgeon  employs  to  promote  union,  are  each  as  tend  to  prevent  the  accession  of 
"lis  state.  —  The  only  case  in  which  tbe  concurrence  of  Inflammation  can  be 
igarded  as  salutary,  is  that  in  which  there  is  a  deficiency  of  Fibrin  in  the  blood, 
using  a  deficient  orgamzahiliti/  of  the  lymph.  It  has  been  seen  llint  the 
ount  of  fibrin  is  rapidly  increased  by  inflammation  (§  188)  :  and  the  Surgeon 
ell  knows  that  a  wound  with  pale  flabby  edges,  in  a  depressed  state  of  the  sys- 
teo),  will  not  heal,  until  some  degree  of  Inflammation  has  commenced.  But 
when  the  inflammatory  estate  has  developed  itself,  in  however  trifling  a  degree, 
;ihere  is  always  a  risk  of  its  proceeding  further,  and  occasioning  a  degeneration 
^f  tbe  plastic  material,  so  that  tho  formation  of  pus-cells  and  the  pflusion  of 
purulent  fluid  take  place,  instead  of  tbe  development  of  uniting  tissues. 

368.  The  reparation  of  wounda,  in  which  there  has  been  so  great  a  loss  of 
bstance  that  neither  immediate  union  nor  adhesion  by  a  thin  layer  of  coagn- 
able  lymph  can  take  place,  is  accomplished  by  tbe  gradual  development  of  new 
ae  from  the  'nucleated  blastema'  with  which  the  cavity  is  first  filled.  But 
Ihis  may  take  place  in  diflerent  modes,  according  to  the  degree  in  which  it  i» 
disturbed  by  the  Inflammatory  process;  and  it  should  be  the  great  object  of  the 
'Surgeon,  to  procure  tbe  most  fuvourablc  method  of  its  performance.  It  has  been 
'ihown  by  Mr.  Paget  (Op.  oit.),  that  the  mode  in  which  the  process  of  fiUing-up 
'  accomplished,  differs  essentially  according  aa  the  wound  is  subcutaneous,  or  is 
posed  to  air.  In  the  former  case,  the  nucleated  blnstema  is  gradually  developed 
into  fibrous  tissues  without  any  loss,  and  usually  with  freedom  from  local  inflam- 
mation (beyond  what  may  have  been  requisite  for  tliu  production  of  the  plastic 
1nid),  as  well  as  from  constitutional  irritation.  In  tbe  latter  case,  the  nucleated 
ilostema  is  developed  into  cells ;  and  those  on  its  exposed  surface  are  unable 
inther  from  degeneration  or  from  imperfect  development,  to  pass-on  to  any  higher 
form  of  organization,  but  takc-uu  tbe  characters  of  pus-eclls,  and  are  only  fit  to 

feftrt  of  tbe  wound  was  found  to  hare  henled  after  tliia  faghion  ;  the  skin  nnd  foscm  haviDg 
ttmly  adhsrad,  that  do  iDdication  existed  of  tbetr  preTioos  detachment ;  and  no  cfuaion 
eoagul&ble  Ijmpb,  or  production  cf  a  connecting  tissue,  being  detectable  by  mier&soopio 
tion,     ("  Lectures  on  Surgical  Pathology,"  p.  132,  Am.  Ed.J 
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be  cast-off.  Hence  tbcre  is  a  contloual  losa  of  plastic  material,  the  amoant  of 
which,  ia  the  case  of  an  extensive  sappuniting  sore,  forms  a  tnoet  serioas  drain 
upon  the  system ;  whilst,  at  the  same  time,  the  local  inflammation  givea-rise  lo 
more  or  less  of  oonstitutioDal  disturbance,  and  the  formation  of  new  tLssue  ia  by 
no  means  so  perfect  as  iu  the  precediup  case.  In  cold-blooded  animals,  however, 
the  contact  of  air  docs  not  produce  this  disturbance;  and  we  see  wounds  with 
extensive  loss  of  substance  gradually  filled-up  iu  them  by  the  development  of 
new  tisf<ue,  without  any  suppuration  or  other  waste  of  material,  very  much  as  in 
subcutaneous  wounds  of  warm-blooded  animals.  This  method  of  healing,  which 
haa  been  termed  by  Dr.  Macartney  the  '  modelling  process/  is  nothing  else  thin 
healing  by  granulations  under  the  most  favourable  circumstances ;  and  to  procure 
this  should  be  the  endeavour  of  the  Surgeon,  who  too  frequently  considers  sup- 
purative granulation  as  the  only  means  by  which  an  open  wound  can  be  filled-op. 
The  difference  between  the  two  modes  of  reparation  ia  often  one  of  life  and  death, 
especially  in  the  case  of  large  bums  on  the  trunk  in  children ;  for  it  frequently 
happens  that  the  patient  sinks  under  the  great  constitutionat  disturbance  occa- 
fiioncd  by  a  large  huppurating  surface,  although  he  baa  survived  the  immediate 
shock  of  the  injury. — Now  the  racana  adopted  by  Nature  to  bring  this  about,  la 
wurm-bloodcd  animals,  is  the  formation  of  a  scab;  which  reduces  the  woand 
more  nearly  to  the  condition  of  a  subcutaneous  one,  so  that  the  reporatiY 
growth  aud  formation  of  new  tissue  take  place  (under  favourable  circumslane 
without  any  suppuration,  and  with  scarcely  any  irritation  ;  the  subsequent  cil 
trix,  too,  being  much  more  like  the  natural  parts,  than  are  any  scars  formed  in 
wounds  that  remain  exposed  to  the  air.     In  the  Human  subject,  however,  the 

f}ro<'eafi  is  far  less  certain  than  it  is  among  the  lower  auimals,  owing  to  the 
iabtlity  to  inflammation  in  the  wounded  part,  and  the  consequent  eflfu&ion  of 
fluid,  which  produces  pain,  corapresHes  the  wounded  surface,  or  forces-off  the 
Bcab,  with  great  discomfort  to  the  patient,  aud  retardation  of  the  healing.  SmftU 
wounds,  however,  in  persons  of  good  habit  of  body,  and  in  parts  which  can  be 
coaipletely  kept  at  re^t^  readily  heal  in  this  manner;  and  large  wounds  have  been 
known  to  close,  in  the  same  desirable  mode,  beneath  a  clot  of  inspissated  blood. 
In  fact,  among  '  unciviliKed'  nations^  whose  habits  of  life  are  favourable  to  health, 
—  their  bodies  being  continually  exposed  to  fresh  air,  their  food  wholesome  and 
taken  in  moderation,  and  their  drink  water  or  other  unstimulaling  liquids, — 
there  seems  to  be  as  great  a  tendency  to  this  method  of  reparation,  as  exists 
among  the  lower  animals ;  and  the  difficulty  of  procuring  it  among  the  members 
of  'civilized'  communities,  is  owing,  without  doubt,  to  the  unttatitral  conditions 
under  whioh  they  too  frequently  live.  8eeing  as  we  continually  do,  the  effect* 
of  foul  air,  of  habitual  excess  iu  diet,  and  of  the  constant  abuse  of  stimulants, 
in  impairing  that  form  of  the  reparative  process  wliich  must  be  regarded  aa  the 
ha$t  favourable,  namely,  the  closure  of  a  wound  by  suppurating  granulations,  it 
is  very  easy  to  comprehend,  that,  to  induce  the  mmt  favourable  method,  the  most 
perfect  freedom  from  all  pernicious  agencies  should  be  required. 

304.  The  most  effectual  meana  of  promoting  this  kind  of  Reparative  process, 
and  of  preventing  the  interference  of  Inflammation,  vary  according  to  the  nature 
of  the  injury.  The  exclusion  of  air  from  the  surface,  and  the  regulation  of  the 
temperature,  appear  the  two  ptiints  of  chief  importance.  By  Dr.  Macartney,  the 
constaut  application  of  moisture  is  also  iusisted-on.'  He  states  that  the  imme- 
diate effects  of  injuries,  especially  of  such  ua  act  severely  upon  the  sentient  ex- 
tremities of  the  nerves,  are  best  abated  by  the  action  of  "tteam  at  a  high  but 
comfortable  temperature,  the  influence  of  which  is  gently  stimulant,  and  at  the 
same  time  extremely  soothing."  After  the  pain  and  sense  of  injury  have  parsed 
away,  the  steam,  at  a  lower  temperature,  may  bo  continued}  aud,  according  to 
Dr.  M.,  no  local  application  can  compete  with  this,  whun  the  Inflammation  la  of 
40  active  character.  For  subsequently  restraining  this,  however,  &o  as  to  promote 
•  <(  Xreattse  on  laflamEaatioD,"  p.  178. 
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the  eimple  reparative  process,  "Water-dressing  will,  he  coneideTS,  answer  suffi- 
ciently well;  its  principal  object  lix'iDg  the  constant  production  of  a  modprate 
degree  of  Cold,  which  diininishesi,  whilst  it  does  not  extinguisb,  sensibility  and 
▼ucular  action,  and  allows  the  Reparative  process  to  be  carried-on  as  in  the  infe- 
rior tribes  of  animals.     The  reduction  of  the  bent  in  an  extreme  degree,  as  by 
the  application  of  ice  or  iced  water,  is  not  here  called-for,  and  would  be  positively 
injurious;  since  it  not  only  renders  the  existence  of  iDflammation  in  the  part  im- 
possible, but,  being  a  direct  sedative  tn  all  vital  activity,  siispends  also  the  pro- 
cess of  restoration.     The  efficacy  of  Water-dressing  in  injuries  of  the  poverest 
chamcter,  and  in  those  which  are  most  likely  to  be  attended  with  violent  Inflam- 
mation (especially  wounds  of  the  large  joints)  has  now  been  established  hoyond 
all  question;  and  its  employment  is  continually  beeomiBg  more  general.' — Other 
plana  have  been  proposed,  however,  which  seetn  in  particular  cases  to  be  ofjunlly 
effectual.     To  Dr.  Green  how,  of  Newcastle,  for  instance,  it  was  accidentally  sug- 
gested, a  few  years  since,'  to  cover  the  surface  of  recent  burns  with  a  liquefied 
resinous  ointment,  so  as  to  form  an  artificial  scab;  and  he  states  that  in  ttiis 
manner  suppuration  may  be  prevented,  even  where  large  sloughs  are  formed ;  tbe 
hollow  being  gradually  fillcd-up  by  new  tissue,  which  is  so  like  that  which  has 
been  destroyed,  that  no  change  in  the  surfaoe  manifests  itself,  and  none  of  that 
coDtr«ction,  which  ordinarily  occurs  even  under  the  best  mBiiBgcuient,  subse- 
quently takes  place. — A  plan  has,  moreover,  been  proposed  for  preventing  sup- 
puration and  promoting  reparation  by  the  '  modelling'  process,  which  consists  in 
the  application  of  worm  dry  air  to  the  wounded  surface.     Although  the  experi- 
ments yet  published  have  not  been  entirely  satisfactory,  they  seem  to  show  that, 
whilst  the  process  of  liealiog  may  be  slower  under  treatment  of  this  kind,  it  is 
attended  with  less  constitutional  disturbance  that  is  often  unavoidable  in  the 
ordinary  methotl ;  and,  that  it  may,  therefore,  be  advuntngcously  put  in  practice 
in  those  cases,  in  which  the  condition  of  the  patient  requires  every  precaution 
against  such  an  additional  burthen, — as  afler  amputation  in  a  strumous  subject.* 
365.  When  the  process  of  healing  of  an  open  wound  by  Suppurative  Granu- 
lation is  attentively  watched,  it  is  seen  that  the  first  stage  is  the  formation  of  a 
'  glazing '  on  the  exposed  surface,  which  closely  resembles  the  buffy  coat  of  the 
blood,  being  compoaed  of  coagulated  fibrin  and  colourless  corpuscles ;   in  this 
manner  a  sort  of  imperfect  epithelium  may  be  formed,  within  half  an  hour  after 
the  surface  has  been  laid-bare.     The  increase  of  this  glazing  is  the  prelude  to 
the  formation  of  granulutions;  but  whilst  it  is  going-on,  there  is,  in  and  ubout 
the  wound,  an  appearance  of  complete  inaction,  a  sort  of  calm,  in  which  scarcely 
anything  appears  except  a  slight  oozing  of  serous  fluids  from  the  wound,  and 
which  continues  from  one  day  to  eight,  ten,  or  more,  according  to  the  nature  nnd 
extent  of  the  wounded  part,  and  the  general   condition  of  the  body.     "  This 
calm,''  says  Mr.  Paget,  "  may  be  the  broo<3ing-time  for  cither  good  or  evil ;  whil»t 
it  lasts,  the  mode  of  union  of  the  wound  will,  in  many  c^ses,  be  determined  ; 
the  healing  may  be  perfected,  or  a  slow  uncertain  process  of  repair  may  be  but 
joflt  begun;  and  the  mutual  influence  which  the  injury  and  the  patient's  coosti- 
tuGon  are  to  exercise  on  one  another,  appears  to  be  manifested  more  often  at  or 
near  the  end  of  this  period,  than  at  any  other  time.'*     The  cessation  of  this 
period  of  calm,  and  the  active  commencement  of  the  reparative  operations,  are 
marked  by  the  restoration  of  the  flow  of  blood  in  the  vessels  of  the  wounded 
part;  but  the  current  is  not  altn|iether  normal,  being  slower  but  fuller  than  natu- 
ral, so  that  00  the  whole  more  blood  than  usual  passes  through   the  capillary 
plexus.     This  increased  aiBux  of  blood  is  followed  by  effusion  of  plastic  material 
io  increased  proportion  ;  and  it  is  from  this  effusion,  that  the  granulating  process 
properly  commences. — The  plastic  material  effused  upon  the  surface  of  an  open 

'  See  an  tccount  of  the  resultf  of  this  treatment  by  Dr.  GUchriat,  in  "Brit,  and  For 
Med.  R«T.,"  July,  1846,  p.  242. 
•  "  Medical  Gazette,"  Oct.  13.  183S. 
■  See  M.  Jules  Gujot  "De  I'emploi  de  la  Chaleur  dans  le  Trailement  dea  Ulcferes,  &o. 
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'wound,  is  first  developed  into  cells  ;  and  tbcfse  cells,  in  the  deeper  portions  of  Um 
effusioOj  are  metamorphosed  into  fibrinous  tiseue,  of  which  the  sub&tance  of  iLe 
granulations  are  conipoeed-  Those  which  are  formed  upon  the  surface,  however, 
are  converted  into  pas-cclla  (§  375)  j  in  some  iDstances  (as  Mr.  Papet  has  pointcd- 
out)  by  degeneration  from  a  higher  development;  in  other  cases  by  aD  originally 
imperfect  development:  and  thus  the  grunulatiou-surface  is  constaDtly  in  a  eute 
of  morbid  action,  and  a  Lpge  proportion  of  the  plastic  material  is  completely 
wasted.  The  layer  of  pus,  however,  serves  as  a  sort  of  epithelium  for  the  su^ 
jaccjit  granulation-tigsue,  in  which  we  find  not  only  a  coniptetc  fonuation  of  cell*, 
but  a  coaimencemeat  of  the  mctamorphofis  of  these  c^lla  into  fibres,  before 
hlood-vt'Bsel!*  make  their  appearance  in  the  tissue.  These  blood-vessels  are  formed 
by  "  out-growth  "  from  the  subjacent  capillaries,  in  the  mode  elsewhere  described 
(pRiNC.  OF  Gen.  Puys.,  Am.  Ed.).  From  the  investigations  of  Mr.  Liston,  it 
appears  that  the  vessels  of  the  subjacent  ti.ssue  are  much  enlarged,  and  assume  a 
varicose  character.  The  bright  red  colour  of  the  granulations,  however,  does  not 
depend  on  iheir  vascularity  alone;  for  the  cells  themselves,  especially  those  mogt 
recently  evolved,  are  of  nearly  as  deep  a  colour  as  the  blood-corpuscles;  and  ibe 
sanguineous  exudation  which  follows  even  (he  slightest  touch  of  the  granulating 
surliice,  docs  not  proceed  from  blood  effused  from  the  newiy-formed  vessels  only; 
for  the  red  Huid  shed  in  this  manner  contains,  besides  blood-discs,  newly- 
developed  red  cells,  ruddy  cytubbsts,  pale  granules,  and  reddish  serum.  It  is  a 
common  property  of  animal  cytoblasts,  that  they  present  a  reddish  colour  on  their 
first  formation,  when  in  contact  with  oxygen ;  but  this  hue  tbej  lose  again, 
whether  ibmy  advance  to  perfect  development  and  become  integral  porta  of  a 
living  tissue,  or  die  and  degenerate. 

300.  The  process  of  Suppurative  Granulation,  then,  appears  to  differ  from  the 
process  of  granulation  as  it  takes  place  in  ekmd  wounds,  or  in  a  warm,  moist  at- 
mosphere (the  'modelliiig-procesa'  of  Dr.  Macartney),  essentially  in  this: — that 
a  large  part  of  the  eiudation-corpuscles  deposited  on  the  wounded  surface  dege- 
nerate into  pun  in  the  former  case,  whils-t  none  are  thus  wasted  in  the  latter;  — 
but  that  the  existence  of  int^uiuniation  occasions  a  iiiore  copious  supply  of  fibrin 
in  the  former  ca.-e,  and  increases  its  tendency  to  bceonje  organized  :  ihe  filling-up 
of  a  wound  with  granulations  being  thus  a  much  more  rapid  proces.s  than  that 
renewal  of  the  completely-formed  tissues,  which  niuy  take  place  in  the  abeeoce 
of  inflammation.  The  imperfect  character  of  the  granulatiun-strueture  is  shown, 
by  the  almost  complete  disapj>earauce  of  it  after  the  wound  has  closed-OTer. 
The  proportion  of  it  in  immediate  contact  with  the  sabjaeeot  tissue,  however, 
appears  to  undergo  a  higher  orguuizatiun ;  for  it  becomes  the  medium  by  which 
the  cicatrix  is  made  to  adhere  to  the  bottom  of  the  wound.  It  is  very  liable  to 
undergo  changes  which  end  in  its  disiutcgration ;  as  is  evident  from  the  known 
tendency  to  re-opening,  in  wounds  that  have  been  closed  in  this  manner. 

367.  When  two  opposite  surfaces  of  granulations,  well  developed,  but  not  y« 
covered  with  cuticle,  are  brought  into  apposition,  they  have  a  tendency  to  unite, 
like  the  two  original  surfaces  of  an  inci«<ed  wound.  This  method  of  union,  which 
was  noticed  by  John  Hunter,  has  been  appropriately  termed  'secondary  adhe- 
sion' by  Mr.  Paget.  The  surgeon  may  frefjuently  have  recourse  to  it  with  great 
advantage,  when  primary  adhesion  is  impossible,  and  when  the  filliag-up  of  the 
wound  with  granulations  would  be  a  tjedious  process,  and  very  exhausting  to  the 
patient.  In  applying  it  to  practice,  it  is  esscnlial  to  success,  first,  that  the  grv^ 
nulations  should  be  healthy,  not  inflamed  or  profusely  secreting,  nor  degenerat 
ns  those  in  sinu.'^es  commonly  are;  and  secondly,  that  the  contact  between  them 
should  be  gentle  hut  maiutaioed :  it  seems  desirable,  also,  that  the  granulation- 
surfaces  should  be  as  much  oa  possible  of  equal  development,  and  alike  in 
character  ' 

'  On  the  whole  Bubjeot  of  Ihe  Reparative  Processes,  see  Mr.  Pnget's  admirable  "  Leo- 
tures  OB  Surgkal  rutliglogjr"  (Lect.  vii.— lij.,  Ana.  Ed  J ;  from  which  manj  of  the  foregoing 
statements  and  doctruiea  are  adopted. 
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3. — Abnormal  Fornu  of  tlhe  Nutritive  Process 

8G8.  Under  the  preceding  head,  wc  hare  considered  the  chief  variations  in 
the  degree  of  activity  that  are  witnewtcd  in  the  ordinary  or  norma!  conditions  of 
the  Notritive  process,  —  thos-e  conditions,  namely,  in  which  the  products  aro 
adapted,  by  their  siinilaritj  of  character,  to  replace  those  which  have  hcen  re- 
moved by  disintegration.  But  we  have  now  to  consider  those  forma  of  this  pro- 
cess,—  in  which  the  products  are  ahnormat, — being  different  from  the  tissues 
they  ought  to  replace.  We  shall  confine  oarselvea  to  n  brief  eatnminfltion  of  a 
few  of  some  of  the  most  important  of  these  states;  and  that  which  tirst  claims 
©or  consideration,  on  account  of  the  frerjucney  of  its  occurrence  and  the  import- 
ance of  its  results,  is  Jnjiammalvm.  —  Kliho^^  Pathologists  have  been  ao- 
custotned  to  look  for  the  *  proximate  cause*  of  the  phenomena  which  essentially 
constitute  the  Inflammatory  slate,  or,  in  other  words,  for  the  first  departure  from 
the  normal  course  of  vital  action,  in  the  enlarged  or  contracted  dimensions  of 
the  blood-vessels  of  the  inflamed  part,  or  in  the  altered  rate  of  movement  of 
the  blood  through  it,  yet  it  may  now  be  safely  affirmed  that  these  are  only 
secondary  alterations,  depending  upon  an  orijiinal  and  essential  perversion  of  that 
normal  reaction  between  the  bloofl  and  the  tissues,  which  constitutes  the  proper 
Nutritive  process.  This  perversion  manifests  itseJf  (1)  in  a  diminution  in  the 
formative  activity  of  the  tissues,  leading  to  their  degeneration  and  death ;  (2)  in 
a  tendency  to  augmented  production  of  the  plastic  components  of  the  blood;  and 
(3)  in  the  effusion  of  these  components,  either  in  a  state  in  which  they  may  pass 
into  a  low  form  of  orpunized  tissue,  or  in  such  a  degraded  condition  that  they 
arc  altogether  unorgaoizabic,  and  are  fit  only  to  be  cast-out  from  the  body.  Each 
of  these  phenomena  requires  a  separate  examinQtion^  both  as  to  its  causes  and  its 
consequences. 

869.  Although  it  has  been  customary  to  spcnk  of  Inflammation  as  a  state  of 
•increased  action'  in  the  part  affected, — of  which  increased  nction,  the  augmen- 
tation in  the  bulk  and  weight  of  an  inflamed  part,  and  in  the  quantity  of  blood 
which  pasties  through  it,  together  with  its  higher  temperature  and  more  acute 
fensibility,  would  seem  to  furnish  sufficient  evidence,  —  yet  all  these  pigns  ore 
found  to  be  deceptive,  when  they  are  more  closely  examined;  and  the  conclusion 
is  forced  upon  ua,  that  the  vital  power  of  the  part  is  realjy  dejtrefU'd  rather  than 
exalted.  For  the  increase  in  bulik  and  weight  is  not  due  to  such  an  augmenratioQ 
of  its  proper  tissue,  aa  would  truly  constitute  Hypertrophy;  on  the  contrary, 
even  in  the  slightest  forma  of  Inf!->inimatiun  there  is  such  a  diminution  in  the 
rate  of  its  nutrition,  as  really  constitutes  Atrophy;  and  such  auguient^ition  of 
the  solid  m&se  as  may  take  place,  is  produced  by  the  passage  of  the  effiised  fluid 
into  an  organized  tissue  of  the  lowest  kind,  and  this  in  virtue  rather  of  its  own 
plasticity,  than  of  the  vital  force  which  it  derives  from  the  tissues  which  it  infil- 
trates. That  there  has  been  an  atrophy  rather  than  a  hypertrtiphyof  the  proper 
fabric  of  the  part,  becomes  evident  enough  when  the  inflummation  has  passed- 
owuy,  and  this  newly-formed  tissue  undergoes  degeneration  and  absorption.  The 
only  tissues  in  which  there  is  any  appearance  of  increased  formation  during  the 
inflammatory  state,  are  those  which  correspond  in  their  low  type  of  organizjition 
with  the  new  tissue  thus  generated  :  namely,  the  areolar  and  other  siinple  lihroua 
tissues,  and  also  the  osseous,  of  which  the  organized  basis  is  somewJiut  of  the 
game  kind.  When  the  Inflammation  is  more  severe,  the  tendency  to  degenera- 
tion in  the  proper  tissues  of  the  part  becomes  very  obvious:  for  it  is  by  their 
interstitial  ^ec9.y  and  removal,  that  the  cavity  of  an  ahu-esn  is  formed;  it  is  by 
their  nvperjiciul  death  and  absorption  or  solution,  that  vfccration  takes  place; 
and  it  is  in  the  death  of  a  whole  mass  at  once,  that  f/nnffrene  cotisists. 

370.  That  a  diminatioD  in  the  formative  capacity  of  the  Tissues  is  an  essentiiil 
ehaiacteribtio  of  the  Inflammatory  state,  further  appears  from  the  study  of  itn 
£tiology;  for  whether  the  causes  to  which  the  inflammatory  attack  may  be  traced 
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are  local  or  general,  acting  primarily  upon  the  tissues  of  the  part,  or  first  affect, 
ing  the  blood,  their  openttioQ  ia  essentiallj  the  sanje.  Thus  the  local  causes  aw 
all  obviou8l3r  such,  as  tend  either  directly  to  depress  the  vital  powers,  or  to  elevate 
them  at  first,  and  then  depress  them  bj  exhaustion.  Of  the  former  kind  are 
cold  and  mechanical  injury ;  also  many  chemicJil  agents,  whose  operation  tends 
to  bring  back  the  living  tissues  to  the  condition  of  inorganic  compounds.  Under 
the  latter  category  are  to  be  ranked  all  those  agencies,  which  produce  over-exer- 
tion of  the  functional  power  of  the  part;  amongst  which  may  be  named  beat, 
when  not  80  excessive  as  to  produce  a  directly  destructive  effect.  Now  cold, 
heat,  chemical  agents,  and  mechanical  injury,  when  op«rating  in  sufficient  inten- 
eity,  at  once  kill  the  part,  by  entirely  destroying,  instead  of  merely  depreseing, 
its  vital  powers;  and  it  is  on  the  borders  of  the  dead  part,  where  the  cause  bii 
acted  with  less  potency,  that  we  find  the  inflaininatory  state  subsequently  pre- 
senting itself.  —  On  the  other  hand,  there  can  be  no  doubt  that  many  inflamma- 
tions have  their  origin  in  the  morbid  conditions  of  the  Blood,  which,  without  any 
other  cause  whatever,  may  determine  ail  the  other  phenomena.  This  is  meet 
obvious  with  regard  to  those  of  a  'specific'  kind;  hut  it  is  also  probably  true  of 
the  majority  of  the  so-called  spontaneous  or  constitutional,  as  distiDg;uished  from 
traumatic  inflammutiona.  We  seem,  indeed,  to  be  able  to  trace  a  regular  grada- 
tion, between  iDflammatory  attacks  whinh  are  entirely  traceable  to  the  iotrodac- 
tion  of  a  poison  into  the  Hood,  and  those  which  result  from  causes  purely  local. 
Under  the  first  head,,  we  may  unquestionably  rank  such  inflammatory  diseases  as 
are  productive  by  imxsulation,  the  eruptive  fevers  for  example;  and  scarcely  le«s 
tboroughly  demonstrated  are  the  caees  of  rheumatism  an<J  goat,  and  many  in- 
flaniniations  of  the  cutaneous  textures,  whicL,  when  occurring  in  the  chronic 
form,  tend  to  exhibit  a  regular  symmetry  [§  217).  In  all  such  cases,  the  local 
affections  are  the  external  signs  of  the  general  affection  of  the  blood,  just  as  are 
the  inflammations  produced  by  the  introduction  of  arsenic  or  of  other  irritant 
poisons  into  the  eJrculMtion  ;  and  they  may  in  fact  be  reasonably  attributed  to  the 
impairment  of  the  formative  activity  of  the  parts  upon  which  these  poisons  fix 
themselves,  in  virtue  of  their  'elective  affinity'  (_§  223),  just  as  the  peculiar 
functii">nal  activity  of  the  nervous  centres  is  affected  by  narcotic  poisons.  And 
this  view  of  the  roally-local  action  of  what  are  primarily  regarded  as  general  or 
constitutional  causes  of  iaflamniation,  is  confirmed  by  the  fact,  tbat  the  localiza- 
tion of  the  perverted  nutritive  condition  is  often  determined  (as  both  Dr.  \V. 
Budd  and  Mr.  Paget  have  remarked)  by  a  previous  or  concurrent  weakening  or 
deprc'ssinn  of  the  vital  activity  of  the  part.  Thus  a  part  which  has  been  the 
seat  of  former  disease  or  injury,  and  which  has  never  recovered  its  vigour  of 
nutritinn,  is  always  more  liable  than  ntiother  to  be  the  scat  of  local  manifestation 
of  blood -disease ;  it  is,  in  common  language,  the  '  weak  part.' '  And  it  fre- 
qtieritly  needs  such  a  concurrent  operation  of  a  local  depressing  cause,  to  fix  and 
devclope  the  action  of  the  constitutional  cause,  or  Llood-dlsorder;  thus,  a  rheo* 
matte  or  gouty  diathesis  ntay  exist  for  some  time  (as  when,  to  use  a  common  ex- 
pression, the  disease  is  'flying  aln'ut '  the  patient),  and  yet  the  poison  may  not 
have  sufiieient  potency  to  produce  an  attack  of  acute  inflammation,  until  the 
vitality  of  some  particular  organ  becomes  depressed  by  cold,  over-exertion,  or 
some  similar  influence,  which  would  not  have  itself  engendered  the  diseased 
action,  had  it  not  been  for  the  concurrence  of  the  morbid  condition  of  the  blood. 
—  Thus  we  seem  justified  in  concluding,  that,  whether  the  causes  of  Inflamma- 
lion  act  directly  upon  the  tissues  of  a  part^  or  whether  they  act  upon  it  through 

'  Tbu!  Impetif^o  appears  about  blows  and  scratches  in  unhesUliy  children,  and  Erysi- 
pelas tirst  nttacka  the  seat  uf  local  injury  in  men  with  unhealthy  blood.      Tcrhaps  u  food 
an  exHiiipIe  na  any,  is  afforded  by  lhi>  uniform  limitation  of  the  laflammBtion  con^eqae 
upoD  the  jntrodurtlon  of  Vaccine  mnttrr  into  the  btood,  to  the  spots  in  which  the  punctui 
WM  made ;  notwithstandin^jf  tluit  the  whole  tojibh  of  blood  is  affected  by  it.  «»  ia  shown  by 
its  incapacity  for  subBei|ueulty  developing  the  poison  of  amall-pox. — See  also  {  231 
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the  intermediation  of  the  blood,  their  effect  \e  to  produce  b  depression  in  its  vital 
powers,  wbich  uianifests  itaelf  in  a  dtjtcieni  formative  activity,  and  in  an  in' 
creased  tmdency  to  df general  ion  ;  and  that  this  is  one  of  the  primary  and  essen- 
tial conditions  of  iDdaintnation. 

371.  This  view  is  by  no  means  inconsistent  with  the  occurrence  of  other  mani- 
festations of  Inflammation,  which  have  been  supposed  to  indicate  *  increased 
action;'  and,  in  fact,  it  is  in  such  striking  accordance  with  the  phenomena  pre- 
sented by  the  movement  of  the  blood,  when  these  are  interpreted  by  the  princi- 
ples already  laid-down,  as  to  afford  a  powerful  conBrmution  to  both  doctrines. 
The  usual  condition  of  the  vessels  of  an  inBanicd  pnrt,  is  one  of  dilatation  ;  and 
this  may  be  fairly  attributed  t.o  the  lowered  vitality  of  their  walls,  whereby  they 
yield  too  readily  to  the  distending  force  of  the  current  of  blood.  But  this  cur- 
rent moves  too  slowly ;  and  its  retardation  may  gradually  increase,  in  the  part 
most  intensely  inflamed,  to  the  point  of  complete  stagnation,  Now  this  altered 
rate  of  movement  cannot  be  attributed  to  any  genera]  cause :  nor  can  it  be  ao- 
counted-for  by  the  change  in  the  diameter  of  the  vessels ;  for,  on  the  one  hand, 
it  may  occur  with  a  constricted  state  of  the  vessels*,  whilst,  on  the  other,  in  the 
vessels  surrounding  the  inflamed  partj  which  partake  of  the  dilated  cimdition, 
the  flow  of  blood  is  so  far  from  being  retarded,  that  it  usually  takes-place  moi'e 
rapidly  than  usual.  But  it  may  be  fairly  considered  as  the  result  of  Ihe  lowered 
or  suspended  nutritive  activity  of  the  part,  which  will  tend  to  retard  or  entirely 
check  the  motion  of  blood  in  the  systemic  capillaries,  just  as  the  want  of  neration 
retards  or  checks  the  pulmonary  cireulatioo  (§  272).  It  is  quite  true  that  a 
larger  amount  of  blood  pasi»e9  through  a  limb,  of  which  some  part  is  in  a  state 
of  active  inflammation,  than  passes  through  the  corresponding  sound  Hriib;  but 
this  is  far  from  indicating  '  increased  action'  in  the  inflamed  part,  being  dependent 
upon  the  augmented  flow  of  blood  through  the  tissues  which  surround  it;  and 
if  the  trhole  of  a  limb  be  in  a  state  of  inflammation  pai^sing-on  to  gangrene  (as 
occurs  when  a  'frost-bitten'  limb  has  been  incautiously  warmed),  the  amount  of 
blood  which  passes  through  it  is  diminished.  —  It  would  be  just  as  erroneous  to 
assume  the  elevated  tfmpeniture  of  an  inflamed  part  as  a  sign  of  'increased 
action'  in  it;  fur  this  elevation  is  uo  doubt  attributable  in  part  to  the  augmented 
flow  of  blood  through  the  surrounding  vessels;  and,  so  far  as  it  depends  upon 
local  changes,  it  obviously  indicates  a  more  rapid  disintegration  of  tissue,  rather 
than  a  more  energetic  production  of  it;  since  it  is  in  the  former  state,  rather 
than  in  the  latter,  that  the  conditions  of  the  development  of  heat  f  on  the  che- 
mical theory)  are  supplied,  as  we  see  that  the  heat  of  a  muscle  is  the  greatest 
when  it  is  being  disintfgntted  by  active  exercise,  not  when  it  is  being  repaired 
by  the  formation  of  new  tis-sue  in  the  intervals  of  repoee.  But,  as  Mr.  Paget 
justly  remarks,  "this  phenomenon  is  involved  in  the  same  difficulty  as  are  all 
those  that  concern  the  local  variations  of  temperature  in  the  body ;  difficulties 
which  the  doctrines  of  Licbig,  however  good  for  the  general  production  of  heat, 
are  quite  unable  to  explain."  (See  Chap  x.)  —  And  lastly,  with  regard  to  the 
unusual  tenderness  of  inflamed  parts,  this  is  obviously  due  to  such  a  combination 
of  causes,  neither  of  which  can  be  legitimately  held  to  indicate  an  increase  of  its 
proper  vital  activity,  that  nothing  can  be  rested  on  this  alone;  especially  as  wo 
uee  an  augmentation  in  the  Buscoptibiiity  of  the  sentient  nerves,  under  many 
circumstances  (as  in  hysterical  disorders),  in  which,  far  from  an  atigmcntcd,  there 
is  obviuusly  a  diminished  actWHy  in  the  parts  from  which  they  spring.  —  That 
neither  an  alteration  in  the  circuhslion  of  a  part^  nor  a  departure  from  the  normal 
condition  of  ita  nervous  supply,  can  be  regarded  as  one  of  the  essential  pheno- 
mena of  inflammation,  is  obvious  from  this,  that  the  most  important  phenomena 
of  inflammation  may  present  themselve§,  ae  results  of  injury  or  disease,  in  parts 
that  have  neither  blood-vessels  nor  nerves:  this  is  seen  in  the  deposition  of  Ijmph 
in  the  cornea,  in  the  uleemtion  of  the  cornea  and  of  articular  cartilages,  and  in 
Dther  morbid  actions  in  these  parts,  which,  if  ever  they  are  vascular,  become  so 
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only  after  the  effusion  of  lymph  in  them,  the  new  vessels  being  formed  in  this 
lymph,  and  not  in  the  tissues  themselves.  Here  it  is  oKvions  that  the  whole 
change  consists  in  a  perversion  of  the  nutritive  actions  which  the  tissues  ought 
to  carry-on,  at  the  expense  of  the  materiaU  which  tbey  draw  from  the  blood  of 
the  Btirrouoding  vcsaels. 

372.  Of  the  alterations  in  the  condition  of  the  Blood  in  Inflammation,  an 
account  has  already  been  given  (§§  187 — lt>l)  j  and  it  is  here  only  necessary  to 
recapitulate  them.  The  most  characteristic  is  the  aagmentationj  either  of  the 
orgauizable  or  plastic  fibrin,  or  of  the  organized  colourless  corpuscles ;  the  in- 
crcuscd  prttduction  of  these  two  compoDcnts  seeming  to  bear  in  some  depn>e  a 
relation  of  reciprocity,  the  one  to  the  other.  The  increase  of  Fibnn  may  be 
eidered  as  the  alteration  most  characteristic  of  a  previously-healthy  and  vigo 
state  of  the  svfltcm;  and  it  is  in  the  inflammations  which  occur  in  such  subjei 
that  the  effusions  are  most  strongly  di&poscd  to  become  organized,  and  show 
least  tendency  to  undergo  degenerative  changes.  On  the  other  hand,  the  in 
of  the  Corpuscular  element  seems  to  occur  in  cachectic  or  otherwise  unheal 
individuals ;  and  the  inflammatory  effusions  which  partake  of  the  same  character, 
are  far  less  plastic  originally,  and  are  extremely  prone  to  undergo  degeneration, 
either  at  the  time  of  their  effusion,  or  subsequently.  With  this  increase  in  the 
proportion  of  fibrin  and  colourless  corpuscles,  separately  or  in  combination,  there 
19  a  diminution  in  the  proportion  of  the  red  corpuscles,  albumen,  and  salts  of  the 
blood.  None  of  these  changes,  however,  can  be  legitimately  regarded  as  origin- 
ally or  essentially  characteristic  of  the  inflanimafory  condition;  they  are,  in  fact, 
to  be  looked-on  rather  as  the  results  of  its  establishment,  constituting  that  series 
of  alterations  in  the  circulating  fluid,  which  is  of  parallel  order  to  that  which 
occurs  in  the  solid  ti-ssnes  wherein  the  inflammatory  action  has  been  set-up. 

373.  The  Inflammatory  state  is  further  characterized  by  the  rffutlon  of  certain 
of  the  components  of  the  Blood,  upon  the  surface,  or  into  the  substance,  of  the 
inflamed  tissuf  s. — The  effusion  of  pure  »ervm  cannot  be  regarded  as  charscteriBtic 
of  inflammation  ;  since  it  may  take-place  as  a  mere  result  of  congestion,  especially 
when  this  congestion  is  due  to  an  obstruction  to  the  return  of  the  blood;  whilst, 
again,  it  may  bo  due  to  an  altered  condition  of  the  albuminous  con.stituent  of  the 
blood,  which  favours  its  transudation  (§  183).  The  so-called  serous  cflWions 
which  are  poured-forth  in  itiflummatioD,  do  in  reality  contain  fibrin  in  solution; 
but  this  fibrin  may  not  uiaoifest  its  presence  by  spontaneous  coagulation,  until 
its  passage  into  the  solid  state  is  favoured  by  the  introduction  of  a  piece  of  the 
washed  clot  of  blood,  or  of  the  buffy  coat,  or  of  muscle  or  some  other  animal 
tissue,  which  seems  to  act  as  a  sort  of  nucleus  of  fibrillation.  The  presence  even 
of  librin  in  suc-h  an  effusion,  however,  is  not  in  itself  a  suflicient  proof  of  the 
existence  of  inflamination ;  for  it  has  been  shown  by  the  experiments  of  Mr. 
Robinsonj'  that  when  the  obstruction  to  the  return  of  blood  by  the  veins  is  so 
great  as  to  occasion  an  excessive  pressure  within  the  capillaries,  the  fluid  which 
transudes  may  contain  enough  fibrin  to  render  it  spontaneously  coagulable, — The 
form  of  exudation  which  is  most  characteristic  of  Inflammation,  i.H  that  which  is 
known  as  coaijnluhh  If/mph ;  it  is  much  to  be  desired,  however,  that  some  other 
designation  should  be  applied  to  it,  since  the  terra  'lymph*  can  only  be  appro- 
priately  employed  for  the  fluid  contents  of  tbe  lymphatic  vei?sels.  The  pecuHnr 
characteristic  of  this  inflammatory  exudation,  is  its  capability  of  spontaneously 
passing  into  the  condition  of  an  organized  tissue,  cither  fibrous  or  celluhir,  or  a 
mixture  of  both  j  and  of  thus  forming  'false  membranes'  on  inflanied  surfaoesi 
or  solidifying  the  inflamed  part  by  the  interstitial  production  of  similar  low! 
organized  textures.  Although  it  has  been  too  much  the  habit  of  Pathologi 
to  speak  of  'coagulable'  or 'plastic  lymph'  as  if  it  wore  always  one  and  the 
same  thing,  yet  it  really  presents  various  gradations  of  character,  which  are 

'  Medioo-Chirur^cal  Transactions,"  voL  xxtI.,  p.  61. 
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tniDifesited  in  its  different  ilegrees  of  or<rariizabnity,  and  in  the  diverge  nntiire  of 
the  licsues  developed  from  it;  and,  as  Mr.  Paget  has  poiuted  out,'  there  are  two 
typical  forms,  the  jihrinout,  and  the  corpitgculur,  between  which  the  others  are 
intermediate.  The  former  eoajrulatcs  iDto  a  fibroiis  clot,  resembling  thut  of 
healthy  blood,  but  u.sually  showinc  a 


more  distinct  fibrilJation.  (Fip.  80,)  The 
latter  (the  *  croupous'  exudation  of 
Rokitanstky)  is  characterized  by  the 
want  of  any  proper  coapulatJoo,  the 
fibrous  clot  being  replaced  by  an  a<rgre- 
gatioQ  of  cells,  which  in  their  first  ap- 
pearance resemble  very  nearly  the  pri- 
mordial condition  of  the  cnrpaaeles  of 
the  fluitls  of  the  absorbent  vessels,  and 
the  colourless  corpuscles  of  the  blood. 
(Fig.  90.)  It  is  seldom,  however,  that 
either  of  these  typical  forms  of  lymph 
presents  itself  in  a  state  of  complete  iso- 
lation froni  the  other;  they  are  much 
more  commonly  blended  in  various  pro- 
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FibriU  of  healtby  Fihrine,  entangling  red  and 
irhitc  corpTi»e!e»  (thre*  of  ihe  Ultcr  art  figured 
gcpamtely),  BJid  &  feur  fibrinoue  fibrila.] 
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portiuns,  so  that  one  or  the  other  predominates;  and  tt  is  mainly  upon  the 
preponderance  of  fibrin,  that  the  *  plustidty'  of  the  exudation  (or  its  capacity 
for  organization)  depends;  whilst  according  to  the  prepon- 
derance of  corpuscles,  will  be  its  tendency  to  degeneration. 
Thus  the  exudation  of  fibrinous  lymph  i.**  the  symbol  of  the 
'adhesive*  inflammation;  whilst  that  of  the  ^corpuscular'  ia 
simiKirly  characttrietic  of  the  'suppurative'  iuflummatioa. 

374.  It  is  obviously  of  preat  consequence  to  ascertain  the 
conditions  which  detenninc  the  production  of  one  or  other  of 
these  states;  and  these,  as  Mr.  Pajrct  has  remarked  (loo.  cit.), 
may  be  considered  under  three  head.«i, — (1)  the  previous  state 
of  the  blood,  (2)  the  seat  of  the  inflammation,  and  (3)  the 
degree  and  character  of  the  ioflamniation.  The  condition  of 
the  bliXMl,  as  determining  that  of  the  lymph,  has  been  carefully 
studied  by  Rokitansky;  who  has  shown  that  the  characters  of 
inflammatory  deposits  in  different  diatheses,  correspond  very 
generally  and  cloi^ely  with  those  of  the  coajrula  found  in  the  beHltby  fi Wine,  from 
heart  and  pulmonary  vessels  after  death.  The  results  of  Mr.  exud&iiotionpericar. 
Paget's  exfwriments  on  the  same  subject  have  been  already  t*^"™-  '^  M>D»«ts 
cited  (§  212).  And  clinical  observation  fully  confirms  this  "^^n^nUi^  wfis^Tm' 
doctrine  by  evidence  of  another  kind ;  that,  namely,  which  is  bUldLg^  Butnerons 
afforded  by  the  different  course  of  the  same  specific  diseases,  in  corpuBcles.] 
different  individuals,  according  to  the  previously  healthy  or  ab- 
normal condiiioD  of  their  blood.  There  can  be  no  doubt  that  a  very  large  pro- 
portion of  what  are  called  'unhealthy  inflammations,"  especially  those  of  the 
erysipelatous  type,  are  to  be  regarded  as  owing  their  peculiarity  to  a  deficiency  in 
the  due  elaboration  of  the  fibrin,  and  to  the  low  vitality  of  the  cellular  coraponenfs 
of  the  blood ;  both  of  which  conditions  seem  to  be  favoured  by  the  presence  of 
those  decomposing  matters,  whose  accumulation  in  the  blood  acts  in  many  ways  so 
prejudicially  on  the  system  at  large  (§  226).' — That  the  quality  of  the  exudation 
ia  in  some  degree  determined  by  the  ««»f  or  tissue  in  which  the  Inflammation 
occurs,  appears  from  (he  different  character  of  the  products  of  the  disordered 
actions,  that  occur  simultaneously  in  different  organs  of  the  eatne  individual,  and 

*  *'  Lectaree  on  Sargic&l  Pathology",  p.  216,  Am.  £d. 

*  Bee  Mr.  Brooke  CJallwcj'p  papers  on  *  Uuhealtby  laflamniatioD,'  in  the  "Lancet"  for 
1H49-50,  and  the  •'  Medical  Qmzette"  for  1860-51. 
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apparently  under  th«  operatioo  of  the  paine  cause ;  thus  it  may  happen  thtt  in 
pleuro-pncumonia,  the  two  eurfat-oa  of  the  pleura  become  connected  by  an  orga- 
nized exudation  of  a  fibrous  chanicter;  whilst  the  effusion  in  the  substance  of  the 
lung  ia  rather  of  the  corpuscular  nature,  and  speedily  passes  into  euppnratJTe 
degeueration.  Mr.  Paget  iogenioasly  proposes  to  ftccouut  for  the  determining  in- 
tlueaco  in  question,  on  the  idea  that  the  iriflammntory  product  is  influenced  at  the 
time  of  itti  formation  by  the  assimilative  force  of  each  part,  ao  that  it  ia  to  be  re 
^rded  aa  a  mixture  of  true  lyoiph  with  its  special  product  of  asfiimilation  ;  thna 
we  obi^ervc  that  in  iu6auimatiuns  of  hone  the  lymph  UJ^ually  ossifies,  in  those  of 
ligameota  it  is  converted  into  a  tough  lipameutoua  tijisue,  and  in  those  of  secrctini; 
organs  it  contains  a  mixture  of  the  ordinary  secreted  product. — The  mode  in  which 
tne  mUHsiti/  of  the  Inflammation  affects  the  character  of  the  effused  lymph,  istiro- 
fold.  For,  in  the  first  place,  the  nature  of  the  orijrinal  effusion  is  likely  to  vary 
uceording  Ut  the  degree  in  which  the  ordinary  nutritive  process  is  interrupted; 
bince,  the  marc  intetiiie  the  inflaaimaliun,  the  less  will  be  the  asstniitating  force  of 
the  part,  and  the  more  will  the  matters  efl'uscii  from  the  vessels  deviate  from  the 
natural  plasma  which  would  be  drawn  from  thera  in  healthy  nutrition ;  whilst  on 
die  other  hand,  when  the  inflammation  is  less  severCj  its  product  will  not  differ  so 
widely  from  the  natural  one,  and  will  from  the  first  tend  to  manifest  in  its  devc- 
lopuient  some  characters  corrcepouding  to  those  of  the  natural  formations  of  the 
part.  But,  secondly,  the  influence  of  the  inflammation,  or  rather  of  the  depressed 
vitality  of  the  inflamed  tissues,  ia  shown  in  the  tendency  to  degeneration  which  it 
impresses  on  the  exuded  product;  so  that,  even  though  this  may  be  disposed  to 
f»a8S-on  under  favourable  circumstances  to  the  complete  formation  of  an  organized 
tissue,  its  development  is  early  checked,  and  it  uodergues  retrograde  met&mor- 
fihosis;  or  else,  from  the  very  commencement,  its  development  takes  place  acconl- 
ing  to  a  lower  or  degraded  type.  The  normal  product  of  the  organization  of 
cither  fibrinous  or  corpuscular  lymph,  is  undoubtedly  a  tissue  closely  allied  to  the 
ordinary  areolar  or  connective ;  it  is  of  this  that  faUe  membranes  and  adhesions 
are  formed,  and  that  the  material  of  most  thickeninga  and  indurations  of  parts 
is  composed;  '  and  it  is  by  the  production  of  this  tissue  also,  that  losses  of  suh- 
Rtance  are  in  the  first  instance  repaired,  and  that  divided  surfaces  are  made  to 
adhere.  Various  kinds  of  degeneration  may  subsequently  take  place  in  any  of 
these  products,  according  to  the  stage  at  which  the  developmental  process  is 
checked;  and  among  these,  in  tissues  wbieh  have  once  attained  an  advanced  stage 
of  development,  the  most  common  is  the  fatty  (§347). 

375.  But  the  most  fre(^ucnt  of  all  the  degenemtions  of  lymph,  being  almost 
invariable  when  the  lymph  is  placed  yVom  thrjirnt  in  conditions  unfavourable  to 
its  development,  is  into  the  entirely  unorganizable  or  aplastic  product  which  is 
known  as  Pus.  This,  as  already  mentioned,  is  specially  liable  to  occur  in  lymph 
which  is  originally  rather  corpuscular  than  fibrinous;  and  every  gradation  may 
be  seen,  from  the  most  characteristic  form  of  the  lymph-cell,  to  that  of  the  pus- 
cell,  But  it  would  seem  as  if  oven  the  most  perfectly  fibrinous  lymph  may  pass 
almost  immediately  into  the  condition  of  pus,  when  it  is  efl'used  among  tissui  9 
which  are  passing  rapidly  into  a  state  of  decomposition ;  and  thus  it  appears  to 
be,  that  in  a  phlegmonous  inflammation,  the  lymph  effused  into  the  parts  where 
the  inflammatory  princess  has  been  most  intense  (the  stagnation  of  the  blood 
being  the  most  complete,  and  the  nonrual  tissues  most  disposed  to  disintegration), 
dites  not  present  the  slightest  tendency  to  a  higher  type  of  organization,  but  is 
developed  from  the  first  in  the  condition  of  pus,  which  Gils  the  vacant  spare  pre- 
viously occupied  by  living  tissue;  whilst,  in  the  surrounding  parts,  the  fibrinous 
effusion  produces  a  consolidation  of  the  tissue,  and  thus  forms  the  walls  of  the 

'  Ttie  Auttior  ia  much  di(ipo<ied.  hnwever,  to  agree  with  Dr.  Hnndfielil  Junes,  in  bclieTin; 

chat  a  chronic  '  fibroid  liegeneration.'  reiiaititig  from  the  subetitutioo  of  a  lowly-orgADiied 

tiliroua  tissue  for  the  firopcr  texture  of  the  part,  tnny  take  place,  like  'tuborculnr  dcgcne- 

latiou'  ((37t>J,  without  the  oocurrcDce  of  Inflnmmation,  properly  lO  called.     See  "Brit. 

Dd  For.  Med.  Chir.  lleT.,"  vol.  liii.  pp.  34:J-84n. 
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abscess,  by  which  the  purulent  effusion  is  Hmited.  Whether  the  disintegrating 
tissues  are  entirely  removed  by  absorption  (having  previously  undergone  that, 
degenerative  softening  which  is  requisite  for  the  occurrence  of  this  proceea),  or 
-whether  they  are  broken-up  and  diesolved  in  the  purulent  fluid,  is  a  point  not 
jet  determined.  —  The  covserrative  nature  of  the  fibrinous  exudation,  and  the 
consequent  importance  of  fibrin  ae  an  element  of  it,  are  well  shown  by  the  results 
of  it3  deficiency.  Thus  if  there  be  no  'sac'  formed  around  a  collection  of  pus, 
this  fluid  infiltrates  through  the  tipsiies,  and  by  its  mere  presence  so  impairs  their 
nutrition,  that  a  correFponding  depradatjon  takes  place  in  the  characters  of  tbftj 
plastic  material  furnished  for  their  assimilation  ;  and  hence  the  purulent  efl^usion 
F^prcads  without  limit,  and  the  tissues  through  which  it  percolates  undergo  rapid 
degeneration.  So,  again,  when  gangrene  is  spreading  by  contiguity  (the  proxim- 
ity of  the  dead  tisBue  tending  to  lower  the  vitality,  and  even  to  occasion  the 
death,  of  that  with  which  it  is  conlinuouB),  it  is  only  when  an  inflammatory  '  re- 
action'  takes  place,  or,  in  other  words,  when  an  exudation  of  fibrinous  lymph  is 
poured  into  the  substance  of  the  tissues  bordering  on  thofic  which  have  lost  their 
vitality,  that  a  line  of  demarcation  between  the  dead  and  the  living  parts  is 
formed.  And  genemlly  it  may  be  said,  that,  as  the  ultimate  tendency  of  Inflam- 
mation is  to  produce  the  disintegration  of  the  part,  the  ultimate  tendency  of  the 
fibrinous  exudation  is  to  keep  its  elements  logcther,  and  to  repair  the  losses  which 
have  taken  place,  although  with  a  very  inferior  materia!.  —  It  is  only,  however, 
with  the  subsidence  of  the  inflammation,  and  the  return  to  the  ordinary  type  of 
nutrition,  that  the  highest  development  of  the  lymph  can  take  place  •  and  it  ifl 
in  proportion  as  this  occnrs  more  speedily,  that  the  recovery  of  the  organization 
proper  to  the  part  is  more  completely  eff'ccted.' 

376.  In  persons  of  that  peculiar  constitution,  which  is  tenned  Sero/uhus  or 
Slrvvioitt,  we  find  an  iuperfectly-organizuble  or  caco-plasttc  deposit,  or  even  an 
altogether  aphistic  product^  known  by  the  designation  of  Tvhrrntfar  matter, 
frequently  taking  the  place  of  the  normal  elements  of  tissue;  both  in  the  ordi- 
nary  process  of  Nutrition,  and  still  more  when  Inflammation  is  set-up.  From 
an  examination  of  the  Blood  of  tuberculous  subjects,  it  appears  that  although 
the  bulk  of  the  cnagulum  obtained  by  stirring  or  beating  it  is  usually  greater 
than  that  of  healthy  blood,  yet  this  coagulum  is  not  composed  of  well-elaborated 
Fibrine ;  for  it  is  soft  and  loose,  and  contains  an  unusually-large  number  of 
Colourless  corpuscles,  whilst  the  Red  corpuscles  form  an  abnormalliy-smnll  pro- 
portion of  it.  We  can  understand,  therefore,  that  such  a  constant  deficiency  in 
plasticity  must  affect  the  ordinary  nutritive  process;  and  that  there  will  be  a  lia- 
bility to  the  deposit  of  cacoplastic  products,  instead  of  the  normal  elements  of 
tissue,  even  without  iuflammation.  Suth  appears  to  be  the  history  of  the  forma- 
tion of  Tubercles  in  the  lungs  and  other  organs,  when  it  occurs  as  a  kind  of 
metamorphosis  of  the  ordinary  Nutritive  process ;  and  in  this  manner  it  may 
proceed  insidiously  for  a  long  period,  so  that  a  large  part  of  the  tissue  of  the 
lungs  shall  be  replaced  by  tubercular  deposit,  without  any  other  ostensible  sign 
than  an  increasing  difficulty  of  respiration.  In  the  different  forms  of  tubercular 
deposit,  we  see  the  gradation  most  strikingly  displayed,  between  the  plaBlic  and 
the  aplastic  formations.  In  the  senii-tratisparent,  miliary,  grey,  and  tough 
yellow  forma  of  Tubercle,  we  find  traces  of  organization  in  the  form  of  cells  and 
fibres,  more  or  less  obvious  (Fig.  01);  these  being  sonietlroes  almost  as  perfectly 
formed  as  thoee  of  plastic  lyniph,  at  least  on  the  superficial  part  of  the  deposit, 
which  is  in  immediate  relation  with  the  living  structures  around ;  whilst  they 

*  The  Author  hts  pleasTire  in  referring  to  Mr.  Pagel's  •«  Lectares  on  Surgical  Puthology" 
as  coDiatDJng,  in  bi«  opinion,  the  best  expoBilion  of  the  Bubject  of  Inflftinination  jet  nmdi; 
pnhlio:  and  in  Aclcnowledging  bis  obligmtionp  to  them  fur  much  n^.^istAnce  in  the  short  vie« 
of  it  given  abotc. — The  fundninentnl  principles  on  which  the  Author  wouKi  lay  the  grea*- 
tet  ftrmp,  however,  are  the  siiiiie  ia  nil  etsHeutin]  particulara  with  ihoee  which  be  Uught  in 
Jier  Editioni  of  thii  Treatise, 


356 


OP    NUTRITION. 


moy  be  so  degenerated,  as  scarcely  to  be  distinguishable.  In  no  instances  do 
such  deposits  ever  undergo  further  organization  ;  and  therefore  they  nmst  be  re- 
garded as  caco-pfuitic.  But  in  the  opaque,  crude,  or  jellow  Tubercle,  we  do  not 
find  even  these  traces  of  definite  structure ;  for  the  matter  of  which  it  consists  is 
altogether  granular,  more  resembling  that  which  we  find  in  an  albaminouB 
ooagulum  (Fig.  92).     This  ia  entirely  aplastic.     The  larger  the  proportion  of 


[Fie.  9L 
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this  kind  of  matter  in  a  tubercular  deposit,  the  more  is  it  prone  to  to/ten  ;  whilst 
the  semi- organized  tubercle  has  more  tendency  to  contraction, — It  may  he  ques- 
tioned, however,  whether  Tubercular  matter  ia  not  always,  even  in  its  most  amor- 
phous state,  a  product  of  cell- formation ;  and  whether  the  difference  between  the 
amount  of  organization  which  its  several  forms  present,  is  not  due  rather  to  a 
Tariation  in  the  degree  of  its  anbsequent  degeneration,  than  to  an  original  diver- 
sity in  histological  condition.  On  this  view.  Tubercle  \s  to  be  considered  as  % 
formation  stii  generiiy  whose  production  is  dependent  upon  a  special  taint  in  the 
blood;  and  just  as  the  normal  lymph -products  vary  greatly  in  their  degree  of 
vitality,  so  that  some  undergo  a  progressive  and  others  a  retrograde  metamor- 
phosts,  so  may  tubercular  deposits  either  retain  their  original  characters  more  or 
less  completely  (though  never  advancing  towards  a  higher  type),  or  may  undergo 
a  very  early  and  complete  degen  era  lion,' 

377.  But  although  Tubercular  matter  may  be  slowly  and  insidiously  deposited, 
by  a  kind  of  degradation  of  the  ordinary  Nutritive  process,  yet  it  cannot  b« 
doubted  that  Inflammation  has  a  great  tendency  to  favour  it ;  so  that  a  larger 
quantity  may  be  produced  in  the  lungs,  after  &  Fneumonia  has  existed  for  a  day  i 
or  two,  than  it  would  have  required  years  to  generate  in   the  previous  mode. 
But  the  character  of  the  deposit  still  remains  the  same  ;  and  its  relation  to  thd' 
plastic  element  of  the  blood  is  shown  by  the  interesting  fact,  of  no  unfrequcntj 
occurrence, — that,  in  a  Pneumonia  affecting  a  tuberculous  subject,  plastic  lymphs 
is  often  thrown  out  in  one  part,  whilst  tubercular  matter  ia  deposited  in  another.i 
Now  Inflammation,  producing  a  rapid  deposition  of  tubercular  matter,  is  peco* 
liarly  liable  to  arise  in  organs,  which  have  been  previously  affected  with  chronJfl' 
tubtrcular  deposits,  by  an  impairment  of  the  process  of  testurat  Nutrition;  for] 
these  deposits,  acting  like  foreign  bodies,  may  of  themselves  become  sources  of 
irritation;  and  the  perversion  of  the  structure  and  functions  of  the  part  renders 
it  peculiarly  susceptible  of  the  influence  of  external  morbiflo  causes. 

378.  We  frequently  meet  with  abnormal  growths  of  a  Falty,  Cartilaginous, 
Fibrous,  or  even  Bony  structure ;  which  result  from  the  development  of  these 
ttssoes  in  unusual  situations,  and  appear  to  originate  in  some  perverted  action  of 
the  parts  themselves  (§§  353,  374  note). — But  there  is  another  remarkable  form 

'  See  Mr.  Paget  in  tbe  "  Patbological  CnUlogue  of  the  Hunteriaa  Museum,"  vol.  L, 
p   1-34;  alao  Dr.  Madiien's  "Tbougbta  on  Pulmonarj  Consumptioo." 
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of  disordered  Nutrition,  which  is  concerned  in  producing  what  have  been  termed 
htteroloffoHt  growths ;  that  is,  masses  of  tis^suo  that  differ  in  character  from  anj 
which  is  norraaily  present  in  the  hody.  Jlost  of  these  are  included  under  thi- 
general  dcsigoalion  of  CViwceroiM  or  jP«n</oiiA  structures;  and  it  has  been  shown 
by  Miiller  and  succeeding  inquirers,  that  the  new 
growth  consists  of  a  mass  of  cells  (Fig.  93); 
which,  like  the  Vegetable  Fungi,  develope  them- 
selves with  great  rapidity,  and  which  destroy  the 
surrounding  tissues  by  their  pressure,  as  well  as  by 
abstracting  from  the  Blood  tbc  nourishment  which 
was  destined  for  them.  These  parasitic  masses  have 
a  completely  independent  power  of  growth  and  re- 
production; and  some  kinds  of  them  can  be  propa- 
gated by  inoculation,  which  conveyaj  into  the  tissues 
of  the  animal  operated-on,  the  germs  of  the  peculiar  cells  that  constitute  the 
morbid  growth,  these  soon  developing  themselves  into  a  new  mass.  i?">  it  may 
be  by  the  diffusion  of  the  germs  produced  in  one  part,  through  the  whole  fabric, 
by  means  of  the  circulating  current,  that  the  tendency  to  re-appearance  (which 
is  one  great  feature  in  the  mah'fjmtni  character  of  these  diseases)  is  occasioned. 
Bat  it  would  seem  more  probable,  that  this  character  rather  depends  upon  the 
presence  of  a  morbid  matter  in  the  blood,  of  which  the  formation  of  the  Can- 
ceroos  tissue  is  only  the  manifestation  (§  340  no(() ;  the  local  disease  thus  being 
the  consequence  of  a  constitutional  cach^ia,  rather  than  the  constitutional  affec- 
tion the  result  of  the  local  disease.' 


Cuicer  cell*,  tefore  anfl  «fter 
the  addition  of  Metio  acid.] 


CHAPTER  IX. 


Of  B£Ca£riON   AND  EXCRETION. 


\ 


1. — 0/  Secretion  in  General. 

379.  The  literal  meaning  of  the  term  Secretion  is  $rpara(ion;  and  this  is 
nearly  its  true  acceptation  in  Physiology.  But  the  ordinary  processes  of  Nutri- 
tion involve  a  separation  of  certain  of  the  components  of  the  Blood,  which  are 
withdrawn  from  it  by  the  appropriating  power  of  the  solid  textures ;  and  every 
such  removal  may  be  considered  in  the  light  of  an  act  offxcrett'onj  so  far  as  the  blood 
and  the  rest  of  the  organism  are  concerned  {§  217)  Moreover,  the  sepaTstion 
of  certain  matters  from  the  blood  in  a  fluid  state,  either  for  the  purpose  of  being 
cast^forth  from  the  body,  or  of  being  employed  for  some  special  purpose  within  it, 
which  constitutes  what  is  ordinarily  known  as  Secretion,  ia  effected  by  an  instru- 
mentality of  the  same  nature  with  that  wbone  operation  constitutes  an  essential 
part  of  the  nutritive  process ;  namely,  the  production  and  subsequent  agency  of 
cells.  Hence  there  is  no  other  fundamental  difference  between  the  two  processes, 
than  such  as  arises  out  of  the  diverse  dc^ttnations  of  the  separated  matters,  and 
from  the  anatomical  arrangements  which  respectively  minister  to  these.  For 
the  products  of  the  Secreting  action  arc  alt  poured-forth,  either  upon  the  external 
surface  of  the  body,  or  upon  the  lining  of  some  of  the  cavities  which  communicate 
with  it;  and  the  cells  by  which  they  are  separated  from  the  blood,  usually  stand 
in  the  relation  of  epithelium-cells  to  those  prolongations  of  the  skin  or  of  mucous 
membranes,  that  form  the  follicles  or  extended  tubuli  (Fig.  94)  of  which  the 
Glandular  organs  are  for  the  most  part  composed  (Figs.  96,  112).  The  act  of 
Secretion  appears  to  consist,  in  some  cases,  in  the  successive  production  and  exu- 

'  See  Dr.  Walsbe  on  "The  Nature  und  Treatment  of  Cancer j"  Mr.  Sitnon'a  "General 
PatholoRy,"  Lect.  riii..  Am.  Ed.;  and  Mr.  Taget's  "Lectures  oa  Surgical  Pathology,'' 
L«ct.  xir.,  Am.  £d. 
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viatiou  of  the  cells  which  minister  to  it,  these  cells  giving-up,  by  rupture  or  deli- 
qaeaoence,  the  substances  which  they  bare  eliminated  from  the  blood ;  such,  for 

example,  appears  to  be  the  modo 
[Fie.  94. 

A 
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of  gepamtion  of  the  Sebaceous  ee* 
cretioD  of  the  skin,  of  the  Mucous 
BccretioD  of  mucous  membrBoea, 
of  the  secretion  of  Milk,  and  per- 
haps ilso  of  the  Biliary  secretion. 
On  the  other  hand,  there  can  be 
little  question  that  those  more 
liquid  secretions,  in  which  there  if 
very  little  solid  matter  (as  is  tb« 
cjiee  with  the  Cutaneous  transpira-' 
tioa  and  tbe  Lacbrymal  fluid),  or 
in  which  the  solids,  though  in 
larger  amount,  are  in  a  state  of 
such  perfect  solution  as  to  be  capk-l 
ble  of  ea«y  trani^udation  (as  ia  tbftl 
c&Ae  with  the  Urine),  are  noli 
formed  in  this  mode  ;  since  neither 
are  exuviated  cells  normally  found 
in  the  secreted  fluids,  nor  do  the 
epithelial  cells  lining  the  glandular 
tubes  or  follicles  present  indicap 
tiouB  of  being  in  a  state  of 
tinual  change.  Still,  even  in  thesa 
cases,  it  secuis  fair  to  conclude  that 
the  selective  powers  of  the  glauJ- 
cella  are  employed  in  dm  wing  from 
the  blood,  on  one  side,  the  special 
products  which  are  to  be  set^free 
by  transudation  on  the  other. 
Each  group  of  ceils  is  thus  adap'ed 
to  separate  a  product  of  6ome  pr- 
ticular  kind,  which  constitutes  its 
special  ^aJm/um  ;  and  the  rate  of 
PUn  of  extentioD  of  necreling  membrnnfl.  by  inver-  1*8  production  seems  tO  depend, 
•ion  or  recession  in  form  of  cjivitieg. — a,  Simpluglanda ;  cSeteris  parihiis,  \jpou  the  amount 
a,  bAsemeut  membrane;  b,  epithelial  lajcr  of  secreting  of  that    pabulum    supplied   by   the 

crtis;  c.  iBjer  of  ospiUnry  rweltig,  follicle ;  h,  folli-  circulating  fluid.  The  substancfis 
clediloted  into  miacciilas;.-,fnl!iplc1eiijttbered  into*  ^^  ^j^^  eXDensc  of  which  the  secre- 
tnbule,  which  i»  poilfld  up. — b,  MuliiIocul»r  crypt*  ;  k,     .  ..'^  , 

of  tobulftr  form;  I,  saccular.^c.  Kacemose  o^  resiea-   Jl"g   ^^^}^   P«^»  however,  may  Dut 

lar    compouud   glundi;    m,   entire   gland,  »howiijg  be  precisely  those  which  are  subse- 

branobcd  dact  and  lobulitr  ttructure ;  n,  a  lobule  de-  qucntly  COSt-forth  ;  for  it  is  Verj 
tached,  with  o,.  branch  of  duct  proceeding  from  It. — Dr   probable    that    BOme    of    them,    it 

Compound  Tubular  gland.]  ]east,  undergo  a  certain  degree  of 

chemical  transformation  by  the  agency  of  these  ceils;  the  characteristic  mste> 
lialfl  of  the  several  accretions  not  beiug  always  found  U>  pre-exist  at  sttch  in  thl 
blood. 

380.  A  distinction  roay  be  drawn  as  regards  this  point,  between  those  Exnt- 
fimts,  tbe  retention  of  whoso  raatennl  in  the  Blood  would  be  positively  injurious, 
and  those  Secre(ion$,  which  are  destined  for  particular  purposes  within  the  sys- 
tem, and  tbe  Ruspcnsion  of  which  has  no  immediate  influence  on  any  other  funo-i 
tiuns  than  those  for  which  they  are  respectively  destined.  The  solid  ntniter  dis- 
solved in  the  fluids  of  the  latter  class,  is  little  else  than  a  portion  of  the  Hutn'tiv 
ooastituents  of  the  Blood;  either  so  little  altered  as  still  to  leuin  its  nuti-itive 
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character,  as  is  the  case  with  the  casein  of  Milk,  sod  with  the  albuminous  cr>n- 
stitucnt  of  the  Serous  fluid  of  areolar  tissue  and  of  serous  and  sjrnovial  mcinbrdnes; 
or  in  a  state  of  incipient  retrograde  metamorphosis,  as  eceios  to  bo  the  caac  with 
the  peculiar  'ferments'  of  the  salivary,  gastric,  pancreatic,  and  intestinal  secre- 
tions. Od  the  other  band,  the  cbaracteristic  ingredicnta  of  the  Excretions  arc 
very  different  in  character  from  the  nortnal  elements  of  the  blood.  They  are  all 
of  them  completely  unorganizable ;  and  thcj  possess,  for  the  most  part,  a  einipic 
atotnic  coustitutton.  Some  of  them  also,  have  a  tendency  to  assume  a  crystalline 
form  ;  which,  as  Dr.  Prout  justly  remarked,  indicates  their  unfifneas  to  enter  into 
the  composition  of  organized  tissues.  With  regard  to  some  of  the  chief  of  these, 
there  is  sufficient  evidence  of  their  existence,  in  small  quantity,  in  the  circulating 
Blood ;  but  it  is  also  clear,  that  ihey  exist  there  as  products  of  decomposition, 
and  that  thoy  are  destined  to  be  separated  from  it  as  speedily  as  possible.  If 
their  separation  be  prevented,  they  accumulate,  and  cotnmunicatc  to  the  circu- 
lating fluid  a  positively  deleterious  character.  Of  this,  we  have  already  seen  a 
striking  example  in  the  case  of  A&phyxia  (§  3*27)  j  and  the  history  of  the  other 
two  principal  excretions,  the  Bile  and  Urine,  will  furnish  evidence  to  the  same 
effect. — As  a  general  fact,  then,  it  may  be  affirmed,  that  the  materials  of  the 
proper  Excretions  pre-exist  in  the  Blood,  in  a  st^te  nearly  resembling  that  in 
which  they  are  thrown-ofiF  by  the  secreling  organs;  and  that,  as  their  presence 
there  is  the  result  of  the  destructive  changes  that  have  taken  place  in  the  system, 
they  cannot  be  retained  in  it  without  injury  :  but  that  the  materials  of  those 
Secretions  which  are  destined  to  perform  some  particular  function  within  the 
economy,  are  derived  frotu  the  nutritive  substances  which  are  appropriated  to  its 
general  purposes. 

S81.  The  composition  and  tuses  of  the  principal  Secretions  which  are  elaborated 
for  special  purposes  within  the  economy,  have  already  been  partly  described  in 
connection  with  the  functions  to  wh^j^h  they  respectively  minisler;  and  the 
remainder  will  hereafter  come  under  notice  in  the  same  manner:  it  is  here 
intended,  however,  to  consider  that  important  system  of  Excretory  operations, 
which  serves  to  maintain  the  purity  of  the  circulating  fluid.  The  process  of 
Respiration,  as  already  pointed-out  (§  283),  is  in  part  to  be  regarded  as  one  of 
these ;  though  the  peculiar  manner  in  which  it  ministers  to  the  removal  of  carbon 
and  hydrogen  from  the  system,  and  its  subserviency  to  other  purposes,  have 
necessitated  its  separate  consideration.  It  is  obvious  that  the  demand  for  the 
performance  of  these  Excretory  processes  generally  will  arise,  in  the  first  place,  us 
in  the  case  of  Hespiration,  from  the  continual  disintegration  and  decay  to  which 
the  several  parts  of  the  organized  fabric  are  liable,  in  varying  degrees,  in  the 
maintenance  of  a  merely  vegetative  existence  (§  26);  and  (bis  will  be  constant 
during  the  whole  life  of  Man,  as  of  any  other  warm-blooded  nutmtil,  its  amount 
varying  with  the  degree  of  general  vital  activity.  —  But,  secondly,  the  exercise  of 
the  animal  functions,  involving  (as  this  does)  the  disintegration  of  the  Nervous 
nod  Muscular  tissue  as  the  very  condition  of  the  evolution  of  their  respective 
forces,  becomes  a  special  source  of  the  production  of  excremeruitious  matter,  the 
amount  of  which  will  vary  with  that  of  the  forces  thus  develn|>ed  (§  22). — The 
removal  of  excrcmentitious  matter  may  become  necessar}-,  thirdly,  from  the  ffet'otn- 
potition  of  gvjterjiuoua  afimenif  which  baa  never  been  n!<similritcd.  This  would 
not  be  the  case,  if  the  amount  of  food  prepared  by  the  digestive  process,  end 
taken-up  by  absorption  into  the  current  of  the  circulation,  were  always  strictly 
proportioned  to  the  demand  for  nutriment  created  by  the  wanta  of  the  system  ; 
but  such  a  limitation  seldom  exists  practically,  in  those  individuals  at  least  who 

I  do  not  feel  themselves  obliged  to  put  &  restraint  upon  the  indulgence  of  their 
ordinary  appetite ;  and  all  that  is  not  appropriated  to  reparation  of  the  waste,  or 
to  the  increase  of  the  bulk  of  the  body,  must  be  thrown-nff  by  the  excretory 
orcans.  It  has  been  already  shown,  that  an  abundance  of  nutritive  mutorial  in 
the  blood  dues  not  augment  the  productioo  of  the  principal  tissues  to  any  con- 
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Biderable  extent  (353)  ;  and  it  would  appear  that  all  aucb  materials  as  oa^  nol 
speedily  assimilated,  pass  rapidi)'  into  a  Mate  of  retrograde  metaniorplioMS.  IIo' 
large  a  proportion  of  the  solid  matters  of  the  urine,  ordinarily  has  this  fou 
will  appear  from  facts  her<>al\er  to  be  stated  (§  411).  Moreover,  in  the  1. 
place,  it  cannot  be  deemed  improbable  that  the  changes  which  the  crude  aliment 
undergoes,  from  the  time  of  its  6r5t  reception  into  the  absorbents  and  blood- 
Teasels,  to  that  of  its  conTcrsion  into  organized  tissues  and  special  pecreiinnB, 
iovolve  the  liberation  of  many  products,  of  wLich  the  elements  are  superfluous, 
and  therefore  injurious  to  the  sjittcm  if  retained  in  it.  Thus  it  has  been  shown' 
to  be  quite  possible,  that,  in  the  production  of  Glutin  (gelatin)  from  Albumei], 
an  equivalent  of  Choleio  (tauro-cholic)  acid  may  be  generated.  The  condition  of 
Organic  Chemistry,  however,  is  not  yet  such  as  to  allow  of  anything  being 
advanced  with  certainty  under  this  head. — From  these  various  sources,  then,  a 
large  amount  of  efete  matter  is  being  continually  received-back  from  the  tisanes 
into  the  current  of  the  circulation,  or  is  generated  in  the  blood  by  the  changes 
to  which  it  is  itaelf  subject;  and  it  is  the  great  object  of  the  Excret-ory  appa- 
ratus, to  free  that  fluid  from  the  products  which  would  rapidly  accumulate  in  it, 
and  which  would  then  exert  a  poisonous  influence  on  tbe  body  generally,  were  it 
not  for  the  provision,,  which  is  thus  made  for  their  removal. 

382..  The  true  Secreting  processes  which  are  to  be  regarded  as  more  or  lew 
completfly  excretory,  are  the  separation  of  bile  by  the  Liver,  that  of  Urine  by 
the  Kidney.<i,  that  of  perspiration  by  the  Skin,  and  possibly  that  of  fsecal  matte^^H 
by  the  glandulse  of  the  iDlestinal  surface.  The  sum-tota]  of  these,  with  thff^H 
addition  of  the  carbonic  acid  and  watery  vapour  exhaled  from  the  Luuga,  and  of 
the  indigestible  matter  rejected  in  the  form  of  fcCces,  must  be  equal  to  the  total 
amount  of  the  solid  and  fluid  ingesta,  and  of  the  oxygen  which  disappears  from 
the  inspired  air;  the  weight  of  the  body  remaining  the  same.  Now  the  quan- 
tity and  ultimate  composition  of  the  uriae  may  of  course  be  exactly  determined, 
as  may  also  that  of  the  fteces;  the  quantity  of  carbonic  acid  tbrown-off  by  the 
lungs,  and  of  oxygen  absorbed,  may  also  be  ascertained  with  a  near  approach  to 
exactness.  Hence,  if  we  add-together,  on  the  one  hand,  tbe  solid  and  fluid  in- 
gesta, and  the  oxygen  which  has  disappeared  from  the  atmosphere,  and  deduct 
from  this  the  sum  of  the  urinary  and  faecal  discharges  and  of  the  carbonic  acid 
exhaled,  the  difference  (allowance  being  made  for  any  alteration  in  the  weight  of 
the  animal)  will  give  the  amount  of  aqueous  fluid  lost  by  cataneoua  and  pulmo- 
nary transpiration ;  and  the  proportions  of  the  several  elements  of  the  food  which 
pass-off  by  e&vh  channel,  may  thus  be  calculated  with  considerable  accuracy. 

383.  Several  series  of  obserratioaa  of  this  kiud  have  been  recently  made; 
some  of  the  most  important  results  of  which  will  here  be  stated. — The  following 
estimate,  deduced  by  Bidder  and  Schmidt*  from  their  observations  upon  a  full^ 
grown  Cat,  which  was  allowed  for  a  week  as  much  meat  as  it  could  eat,  shows  the 
mode  in  which  the  constituents  of  the  ingesta  are  distributed  through  the  excre- 
tions of  VamJvoroiig  animals: — 
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'  See  Prof.  Lift'ig'B  "  Familiar  Letters  on  CliemJstry,"  p,  489, 

*See  their  eUborato  "  VerflauungBsiifte  und  Stoffwechael,"  {  289 — 418;   alio  Prof 
Letmiaau's  "  PhjalGlogUchea  Chemif},"  2ud  edit.,  band  hi.,  p.  870. 
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In  rtriking  contrast  witb  iLIs,  we  find  the  distribution  of  the  constituents  of  the 
food  of  Herbiv^jTous  animals,  as  deduced  by  Valentin  from  tie  observations  of 
igault  upon  a  Horse,'  to  be  as  follows : — 
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Tbe  first  and  most  remarkable  feature  of  difference  between  tBese  two  seta  of 
results,  is  the  very  large  proportion  which  the  faecal  discharpefl  of  the  Horse  bear 
to  the  other  excretions;  this  obviously  proceeds  from  tlie  indipestibility  of  a  large 
pnri  of  tbe  alimcniiiry  substanoes  it  consumes.  Of  the  water  taken  into  the 
alimentary  canal  or  formed  within  tbe  body,  nearly  two-thirds  passes-off  with  tbe 
faeces  in  the  Hurse,  whilst  nearly  the  whole  is  absorbed  in  the  Cat :  and  of  that 
which  is  absorbed  by  the  Horse,  little  more  than  onc-scTcnth  passes  into  the 
urine,  the  remainder  being  exhaled  from  the  lungs,  and  skin  J  whilst  ia  the  Cat, 
the  proportion  which  passes-olS'  by  the  skin  is  less  than  one-sixth  of  that  which. 
is  absorbed,  the  remainder  being  eliminated  by  the  urine.  Of  the  carbon  taken 
into  the  system,  a  relatively-larger  proportion  passes-off  by  the  lungs  in  the 
Horse,  while  a  relatively-larger  proportion  enters  the  urine  in  tbe  Cat:  this  is 
probably  because  the  great  bulk  of  the  carbon  in  the  food  of  the  Horse  exists  in 
those  Don-azotizcd  compounds,  which  can  be  readily  converted  by  oxygenation 
into  carbonic  acid  and  water,  and  which  consequenily  yield  tittle  or  nothing  to 
the  urine;  whilst  those  products  of  the  deconapositiou  of  albuminous  substances 
which  pass  into  the  urine,  though  especially  rich  in  nitrogen,  carry  with  theiu  a 
certain  measure  of  carbon  into  that  excretion.  It  is  probably  for  the  same 
reason,  that  tbe  amount  of  hydrofftn  ia  relatively  larger  in  the  pulmonary  exha- 
lation of  the  Horse,  and  in  the  urinary  excretion  of  the  Cat.  On  the  other 
hand,  we  see  that  whilst  the  nitroyen  of  the  food  is  almost  exclusively  eliminated 
through  the  urine  in  the  Cat,  as  much  as  40  per  cent,  of  that  which  has  been 
absorbed  into  the  system  pnsses-off  by  the  lungs  and  skin  in  the  Horse.  Nearly 
the  whole  of  the  ori/i/m,  in  each  cbpc,  pnsses-off  by  the  lungs ;  the  xelatively- 
larger  proportion  in  the  urine  of  the  Cot,  being  dxie  to  the  greater  amount  of 
those  products  of  decomposition  of  albuminous  substances,  into  which  oxygen 
enters.  That  half  of  the  svfjihur  contained  in  the  food  of  Carnivorn,  ghuuld 
pass  off  in  the  fasces,  in  an  unoxitlizcd  or  imperfectly-oxidized  state,  and  that  tbo 
other  half  should  be  excreted,  chiefly  iu  tbe  condition  of  sulphates,  formed  by 
the  oxidation  of  the  sulphur,  and  by  its  combination  with  alkDlino  bases,  is  a 
fact  of  great  interest,  in  connection  with  the  question  of  the  ultimate  destination 
of  the  bile.  For,  with  the  exception  of  the  small  amount  of  sulphur  contained 
in  the  undigested  residue  of  the  food,  the  sulphur  of  the  faeces  n:iu.<<t  be  entirely 
derived  from  the  bile,  of  which  secretion  it  is  an  important  constituent.  But  of 
the  bile  which  is  poured  into  the  alimentary  canal,  a  Inrge  part  is  certainly  re- 
absorbed  (§  117),  its  coni^tituents  being  destined  to  undergo  oxidation,  and  to  be 
elitnioated,  for  tbe  most  part,  by  the  respiratory  process;  and  it  is  probably  from 
this  re-absorbed  portion  of  the  bile,  that  the  sulphur  of  tbe  urine  is  derived. 
It  appeared  from  other  experimeota  performed  by  Bidder  and  Schmidt,  that, 
when  the  bile  was  not  allowed  to  flow  into  the  intestinal  tube,  but  was  collected 

'  Ann.  de  Chim.  et  de  Phys.,"  torn.  Ixi.,  p.  128 ;  and  Lelitnann,  op.  cit.,  p.  8G8. 
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froTD  bniury  6utuls,  from  10  to  12  (>er  cent,  of  the  absorbed  carboo,  and  from 
11  to  IS  per  cent-  of  tlie  obsorbed  hydrogen,  passes  into  the  biliary  excretion: 
neithtfr  (he  solids  of  tho  faeces,  however,  dot  those  of  Cbei  urine,  were  seni-iMy 
affected  by  the  abnormal  removal  of  these  constiluents,  ffbicb  fell  entirely  upon 
the  products  of  respiration,  these  being  diminished  to  that  amount.  Hence  it 
seems  obvious,  that  although  only  half  of  the  sulphur  is  taken-ap  again,  nearly 
the  whfile  nf  the  hifdra-carhonaceous  part  of  the  bile  must  be  re-absorbed,  to  he 
finally  eliuiinuted  by  the  respiratory  process;  so  that  we  may  consider  the  entire 
nf  these  constituenla  absorbed  from  the  food,  that  remains  after  the  separation  of 
the  components  of  the  urine,  as  being  finally  separated  from  the  body  by  the 
respiratory  process.  According  to  Bidder  and  Schmidt,  100  parts  of  dry  flesh 
are  decompnaed  in  the  living  body,  with  the  co-openition  of  167  parts  of  oxygen 
obtained  from  the  atmosphere,  into  31  parts  of  urinary  substances,  2  parts  of 
fsecal  matter,  182  parts  of  carbonic  acid,  and  52  parts  of  aqueous  vapour. 
Nearly  the  same  relative  priportions  are  presented  when  the  waste  of  tissues  id 
not  supplied  by  new  alimentary  matter,  as  exist  when  the  animal  is  kept  on  a 
flesh-diet;  ao  that  we  may  regard  these  as  representing  the  destination  alike  of 
the  products  of  the  ultimate  metamorphosis  of  the  tissues  of  the  living  body, 
and  that  of  the  products  of  decomposition  of  superfluous  or  unassimilated  aliment 
of  tho  Carnivorous  auimaL  In  the  ITerbivoroua  animal,  on  the  other  band,  only 
a  small  part  of  whose  aliment  is  albuminous  in  its  composition,  the  proportion 
just  sUited  wilt  apply  only  to  that  part,  and  to  the  products  of  the  ultimate  meta* 
morphasis  of  its  tissues;  since  the  whole  of  the  hydrocarbonaceous  componenrs 
of  its  food,  whether  saccharine  or  oleagiaoua^  are  elimiaatcd  by  the  pulmonary 
and  cutaaeous  exhalatiod. 

3S4.  The  ultimate  distribution  of  the  components  of  the  food  of  Man  is  in 
most  respects  intermediate,  as  might  be  anticipated,  between  that  of  the  purely- 
Carnivoroua,  and  that  of  the  purely  Herbivorous  animal.  We  have  seen 
(§§  318,  321)  that,  of  the  whole  amount  of  carltm  and  hjfdro<jen  in  the  food, 
about  nine-tenths  are  cjirried-off  by  the  respiratory  process,  the  remaining  tenth 
being  divided  in  varying  proportion  between  fajces  and  the  urine.  So  with 
regard  to  the  nitrogen  (§  320),  for  every  100  parts  ingested,  only  8  33  parts  are 
ejected  with  the  faaccs,  while  42  07  parts  are  excreted  in  the  urine,  and  49-6 
part^  (or  nearly  half)  are  exhaled  through  the  skin  and  lungs.  The  followins 
table  gives  the  general  results  of  the  comparison  of  the  matters  assimilated  and 
excreted,  in  each  of  the  cases  formerly  referred-to,  so  that  the  sum  in  each  case 
amounts  to  100  : — 
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£. 

72  5. 
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385.  The  eiperimenta  of  Bidder  and  Schmidt  further  enable  us  to  form  some 
e.stimate  of  the  amount  of  the  '  change  of  matter,'  which  is  required  for  the 
performance  of  the  ordinary  vital  functiona.  This  cannot  be  fairly  measured  by 
the  amount  of  excreta  givcn-off  during  a  given  time,  whilst  no  fresh  aliment  is 
being  introduced;  since  the  performance  of  those  various  operations  of  digestion, 
assimilation,  kc,  which  are  necessary  preliminaries  to  the  appropriation  of  nutri- 
tive matter  by  the  tissues,  itself  involves  no  inconsiderable  consumption  of  what 
was  previously  existing  in  the  body.  Thus  it  is  estin)ated  by  Bidder  uud  SchmMl, 
t^iaC  the  respective  amounts  of  the  varioua  digestive  fluids  which  are  daily  poured  i 
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into  the  alimentarj  canal  of  an  adult  man  weighing  14  etooe,  is  nearly  as 
follows : 

OK.  (niiu. 

SaliTk ..» ..^.    66-8  containing    283  of  aolid  matter. 

Bile 66  8         "         1208  " 

Oaatricjoice 147-2         "         2976  •• 

Pancreatic  flaid  » ^      71  •'  310  ** 

Intefltinal  juice » 7-1         "  46  •' 

Thus  4773  grains,  or  nearlj/  trn  <mncr$  (troy)  of  solid  matter,  are  separated  from 
the  blood  in  the  digestive  secretions,  for  the  purpose  of  introducing  new  alimen* 
tary  materials  of  not  more  than  two  or  three  tiniea  the  amonnt ;  and  thus  we  see 
that  a  large  proportion  of  the  food  ingested  and  assimilated,  must  be  consumed 
in  providing  for  the  introduction  of  a  further  supply,  in  addition  to  that  which, 
when  duly  assimilated,  is  applied  by  the  nutritive  processes  to  the  repair  of  the 
solid  tissues.  Hence  we  can  understand  the  result,  at  first  sight  rather  paradoii- 
caJ,  of  the  experiments  of  Bidder  and  Schmidt;  which  lead  to  the  conclusion 
that  although  the  loss  of  weight  8ustained  by  an  innnitiated  carnivorous  quadruped 
V3  about  2-2  per  cent,  daily,  it  is  by  bo  means  sufficient  for  the  sustenance  of  ita 
weight  that  this  amount  of  food  should  be  supplied  ;  about  twice  as  rmirh,  or  4-4 
per  cent.,  being  required  to  keep-up  its  weight  to  the  regular  standard.  When 
supplied  with  an  unlimited  amount  of  food,  the  same  animal  will  appropriate  no 
less  than  10  or  11  per  cent,  of  its  own  weight  daily.  The  amount  of  oxygen 
daily  consumed  increases  in  like  manner  j  being  about  1-5  per  cent,  of  its  own 
weight  in  an  animal  taking  no  food,  1*8  per  cent,  in  an  animal  adequately  Bup> 
plied,  and  about  41  per  cent,  in  an  animal  highly  fed  (§316  Vi.).' 

386.  We  see,  then,  that  whilst  the  total  amount  of  the  excretions  will  ordi- 
oarily  depend  upon  the  quantify  of  food  ingested  (the  weight  of  the  body  re- 
muoing  the  same,  and  its  losses  of  substance  being  duly  repaired),  the  rtlaiive 
proportion  of  the  different  excretions  will  depend  in  great  part  upon  the  tiafwra 
of  the  food  consumed ;  the  solids  of  the  urinary  excretion  being  especially  aug- 
mented by  an  excess  in  the  albuminous  constituents  of  the  food;  whilst  the 
proportion  of  hydro-carbon  got  rid-of  by  respiration,  is  very  much  raised  by  an 
excess  of  the  saccharine  or  oleaginous.  The  amount  voided  aa  faeces  is  almost 
entirely  dependent  upon  the  proportion  of  indigestible  matter  in  the  food. — 
Notwithstanding,  however,  that,  under  ordinary  circumstanoes,  the  several  parts 
of  the  Excretory  apparatus  are  thus  limited,  each  to  its  own  special  function, 
yet  we  find  that  there  are  certain  compkmentarff  relations  between  them,  which 
make  the  action  of  one  vicarious  to  a  certain  extent  with  that  of  annther.  Such 
a  relation  seems  to  exist,  for  instance,  between  the  Lungs  on  one  eide,  and  the 
Liver  and  Intestinal  glandulie  on  the  other;  for,  the  more  active  the  respiration, 
the  lees  bile  is  secreted  -  whilst,  if  the  respiration  be  lowered  in  amount  by  in- 
activity of  body  and  a  high  external  temperature,  a  larger  proportion  of  unoxidizod 
or  imperfectly-oxidized  excrementitious  matters  accnmnlates  in  the  blood,  giving 
rise  to  that  augmented  production  both  of  the  biliary  and  of  the  foeeal  excretions, 
which  constitutes  dlarrhccn,'  And  thus,  on  the  other  hand,  when  the  liver  is  not 
adequately  affecting  the  depuration  of  the  blctod  from  the  constituents  of  bile,  an 
augmentation  of  the  respiration  by  active  exercise  in  a  low  temperature  gives 
most  effectual  relief.  —  Slill  more  obviously  vicarious,  however,  are  the  Kidneys 
and  the  Skin  ;  for  here  we  find  that  not  only  do  the  kidneys  allow  the  transuda- 
tion of  whatever  superfluous  water  may  remain  in  the  circulating  current,  after  a 
sufficient  amount  has  been  exhaled  from  the  skin  to  keep-down  the  temperature 
of  the  body  to  its  normal  standard,  but  the  skin  actually  assists  in  the  elimina- 

*  Lebmano,  op.  cit.,  band  iii.,  p.  872. 

*  8ach  ta  probablj  the  occasion  of  the  '  bilious  attacks'  and  *  autamnal  cholera'  so  pre- 
valent at  the  close  uf  the  eunnncr;  the  subjects  of  these  beiuff  moat  coniinonlj  persons 
who  fanfe  not  re<luced  Uteir  consumption  of  food  during  the  warm  t^caEun,  in  acoordunce 
with  ihe  diminished  demand  for  the  production  of  heat  wiltnin  the  body. 
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tion  of  one  of  those  products  of  the  metainorphosis  of  the  ozotlzed  ti—f^i,  tlia 
removal  of  which  haa  been  until  recently  considered  83  the  special  functtoo  of 
the  kidney  (§421).  Consequently,  whenever  the  due  action  of  the  skin  0$  &a 
eicretinp  orpan  is  ioterfered-with,  it  is  the  kidney  especially  that  will  be  called- 
on  to  take  its  place ;  whilst,  on  the  other  hand,  if  it  be  thought  desirable  to 
relieve  the  kidney,  this  may  be  most  effectually  done  by  stimulatinf^  the  akin  to 
incrcancd  excretory  activity.  —  This  vicariousness  of  function  among  the  Excre- 
tory organs  presents  itself  far  more  remarkably,  however,  in  certain  states  of 
disease ;  in  which  a  complete  'metastasis  of  secretion'^  may  exhibit  itself.  The 
capability  of  one  organ  thus  to  take  upoa  itself  the  special  action  of  another, 
appears  to  bo  related  to  the  'comimunity  of  function; '  existing  in  the  secretory 
surface  among  tboBC  lower  anitimls,  whicli  mauifest  none  of  the  '  special izution' 
or  sotting-apart  for  particular  offices,  that  we  see  in  the  higher;  for  it  seems  to 
be  a  general  law  in  Physiology,  that,  even  where  the  different  functiooa  are  most 
highly  specializod,  the  general  structure  retains,  more  or  less,  that  primitiva 
oommuuity  of  action  which  characterized  it  in  tbo  lowest  grade  of  develop- 
ment,' 

S87.  It  is  in  regard  to  the  Urinary  excretion,  that  the  e\'ideDce  on  this  point 
is  most  complete;  for  it  seems  to  be  established  by  a  great  mass  of  obBer\'ations, 
that  urine,  or  a  fluid  presenting  its  essential  characters,  may  pass-off  by  the 
mucous  membrane  of  the  intestinal  canal,  by  the  salivary,  lachrymal,  and  mam- 
mary giands,  by  the  testes,  by  the  ears,  nose,  and  navel,  by  part«  of  the  ordinary 
cutaneous  surface,  and  even  by  serous  membmues,  such  ^  the  arachaoid  tunic 
lining  the  ventricles  of  the  brain,  the  pleura,  and  the  peritoneum.  A  considerable 
number  of  such  cases  was  collected  by  llaller:'  many  more  were  brought-tom- 
ther  by  Nysten  ;  *  more  recently  Burdach  baa.  furnished  a  full  summary  of  toe 
most  important  phenomena  of  the  kind;*  and  Dr.  Laycock  has  compiled  a  vala- 
able  collection  of  cases  of  urinary  metastojsia  occurring  as  complications  of  hysteria.' 
The  following  table  of  cases  roferred-to  by  tbo  last  of  these  authors  will  give 
some  idea  of  the  relative  frequency  of  the  sereral  forms  of  this  curious  affeO' 
tion; — 


Vomit. 

Stool. 
20 

Eara. 

4 

EjTM. 

4 

SkUva. 

No«>. 

Munmc     iVttdi. 

Bitln. 

ToUL 

84 

6 

3 

4             24 

17 

125 

Tt  ie  to  be  borne  in  mind,  however,  that  cages  of  hyBt«rical  ischuria  are  ft<equently 
complicated  with  that  strange  moral  perversion,  which  leads  to  the  most  perse- 
vering and  ingentouB  attempts  at  deceit;  and  there  can  be  little  doubt  that  a 
good  many  of  the  instances  on  record,  especially  of  urinous  vomitinor,  are  by  no 
means  veritable  examples  of  metastasis. — The  proofs  of  the  fact  we  are  seeking 
to  establish  are,  therefore,  much  more  satisfactory  when  drawn  from  experiments 
upoD  animals,  or  from  pathological  observations,  about  which,  from  their  veir 
nature,  there  can  be  no  mistake.  Thus  Mayer*  found  that  when  the  two  kidney* 
were  extirpated  in  tho  guinea-pig,  the  cavities  of  the  peritoneum  and  the  pleura, 
the  ventricles  of  the  brain,  the  stomach,  and  the  intestinal  canal,  contained  % 
brownish  liquid  having  the  odour  of  urine;  that  the  tears  exhaled  the  same 
odour;  that  the  gall-bladder  contained  a  brownish  liquid  not  resembling  bile; 
and  that  the  testes,  the  epididymis,  the  vasa  dcfercntia,  and  the  vesicula:  semi* 

'  Sm  "Prino.  of  Comp.  Pbys.,"  Anu  Ed.  {{  110,  428. 

*  "  Eletncnts  Physio logJaB,"  torn,  it,,  p.  370. 
"  *■  Bechorchea  de  PbjHiologie  et  de  Chimie  patholo^que,"  p.  265. 

*  *'Tniit4  de  Physiologie"  (Jourdan's  TranBlatioD),  vol.  viii.,  p.  248,  tt  $tq. 

•  "  Edinb.  Med.  and  Surg.  Joum,,"  18.38;  and  "  Nerroua  Diseases  of  Women,"  p.  284, 

•  "  Zeltsclu-ift  fiir  Physiologie,**  torn,  U,  p.  270 
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nales,  were  gorgied  with  a  liquid  perfectly  similar  to  urine.  Chirac  and  Helvetius 
ire  quoted  by  Haller  as  having  tied  the  renal  arteries  in  dogs,  and  baring  thea 
remarked  that  a  urinous  fluid  was  passed-off  from  the  etomnch  by  Tomiting.  A 
remarkable  case  is  quoted  by  Nysteu  from  Zeviani,  in  which  a  young  woman 
having  received  an  incised  wound  on  the  external  genitals,  which  would  not  heal, 
the  urine  gradually  became  more  scanty,  until  none  could  be  passed  even  with 
the  •asiftanee  of  toe  catheter ;  at  last  dropsy  supervened,  with  sweats  of  a  urinous 
odoar,  and  vomiting  of  a  urinous  fluid,  which  continued  daily  for  thirty-three 
years ;  on  post-mortem  examination,  the  kidneys  were  found  disorganized,  the 
right  ureter  entirely  obliterated  and  tho  left  nearly  so,  and  the  bladder  contracted 
to  the  size  of  a  pigeon's  egg. — Id  some  other  instances,  the  urine  appears  to  have 
been  secreted,  and  then  re-absorbcd  in  consequence  of  some  obstruction  to  its  exit 
through  the  urinary  passages.  Thus  Nystcn  quotes  a  case  from  Wrisberg,  in 
which,  the  urethra  having  been  partially  obstructed  for  ten  years  by  an  enlarged 
prostate,  the  bladder  was  so  distended  as  to  contain  ten  pounds  of  urine ;  and  the 
aerosity  of  the  pericardium  and  of  the  ventricles  of  the  brain  exhaled  a  urinous 
odour.  He  cites  other  instances,  in  which  the  presence  of  calculi  in  the  bladder 
prevented  the  due  discharge  of  Che  secretion  ;  and  in  which  a  urinous  liquid  waa 
ejected  from  the  stomach  by  vomiting,  or  was  discharged  by  stool.  A  still  more 
remarkable  case  is  recorded,  of  a  girl  born  without  either  anus  or  external  geni- 
tals, who  nevertheless  renmined  in  good  health  to  the  age  of  fifteen  years,  passing 
her  urine  from  the  nipples,  and  getting  rid  of  fawal  matters  by  vomiting. — • 
There  are  cases,  moreover,  in  which  it  wuuld  seem  that  the  mucous  lining  of  the 
urinary  bladder  must  have  had  a  special  power  of  secreting  urine;  the  usual  dis- 
charge having  taken  place  to  the  end  of  life,  when,  as  appeared  by  post-mortem 
examination,  the  kidneys  were  so  completely  disorganized  that  they  could  not 
hsre  furnished  it,  or  had  been  prevented  by  original  malformation,  or  by  ligature 
of  the  urethra,  from  disohargint^  it  into  the  bladder.  A  eoDsiderable  numW  of 
these  have  been  collected  by  Burdach.'  In  all  the  older  statements  of  this  kind, 
there  is  a  deficiency  of  evidence  that  the  fluids  were  really  urinous,  urea  not 
having  been  obtained  from  them  by  chemical  analysis,  and  the  smell  having  been 
chiefly  relied-on.  The  urinous  odour,  however,  when  distinct,  is  probably  nearly 
as  good  an  indication  of  the  presence  of  the  most  charscterii'tic  constitutent  of 
human  urine,  as  is  the  appearance  of  the  urea  in  its  separated  form.  The  paa- 
sage  of  a  uriuous  fluid  from  the  skin,  has  been  frequently  observed  in  cases  in 
which  the  renal  secretion  was  scanty;  and  the  critical  sweats,  by  which  attacks 
of  gout  sometimes  terminate,  contain  urates  and  phosphates  in  such  abundance  as 
to  form  a  powdery  deposit  on  the  surface. 

388.  The  metastasis  of  tho  Biliary  secretion  is  familiar  to  every  practitioner, 
as  being  the  change  on  which  jaundice  is  dependent.  It  is  not,  however,  in 
every  case  of  yellowish-brown  discoloration  of  the  tissues,  that  we  are  to  impute 
such  discoloration  to  the  presence  of  biliary  matter ;  and  we  can  only  safely  do 
so,  when  we  have  at  the  same  time  evidence  of  concurrent  obstrurtion  of  the 
biliary  apparatus.  The  urinary  apparatus  then  affords  the  principal  channel 
through  which  the  biliary  matter  ia  eliminated;  the  urine  becomes  tineed  with 
the  colouring-principle  of  bile,  being  sometimes  of  a  yellowish  or  orange  hue,  and 
sometimes  of  a  brown  colour  with  a  considerable  sedimcDt;  and  the  presence  of 
the  most  characteristic  constituents  of  the  bile  has  been  determined  in  the  urine. 
The  same  result  presents  itself,  when  the  biliary  duct  has  been  artificially  ob- 
structed by  ligature.  Other  secretions  have  been  found  tinged  with  the  colour- 
ing matter  of  bile  :  thus  the  pancreatic  fluid  has  been  seen  of  a  yellow  colour  in 
iaundice;  and  the  milk  has  presented  not  merely  the  hue,  but  the  characteristio 
oitterness  of  the  biliary  secretion.  The  cutaneous  transpiration  is  not  unfre- 
quently  so  much  impregnated  with  biliary  matter,  as  to  communicate  its  tinge  to 
the  linen  covering  the  skin  ;  and  even  the  sputa  of  patients  affected  with  bilious 
•  "  ZeitBchrift  fiir  Physiologic,"  torn,  ii.  pp.  25«,  254. 
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fevers  have  been  observed  to  be  similarly  coloured,  and  have  been  found  to  con- 
tain biliary  tnattnr  The  secretions  of  serous  membranes,  also,  have  been  fre- 
quently seen  to  present  the  characteristic  hue  of  bile;  and  biliary  matter  has 
been  detected,  by  analysis,  in  the  fluid  of  the  pleural  and  peritooeal  cavities. 
Biliary  matter,  however,  when  unduly  present  in  the  circulating  current,  is  not 
removed  from  it  by  the  secreting  organs  alone ;  for  it  aeenis  to  be  withdrawn 
also  in  tlic  ordittary  operations  of  nulrition,  entering  into  combination  with  the 
solid  tiBsiues.  Thus,  in  persona  affected  with  jaundice,  we  find  the  skin,  the  mu- 
coua  and  serous  membranes,  the  lymphatic  glands,  the  brain^  the  fibrous  tis 
the  cartilages,  the  bones  and  teeth,  and  even  the  hair,  penetrated  with 
colouring  matter  of  the  bile,  which  ihey  must  have  withdrawn  from  the  blc 
and  which  eeems  to  have  a  particular  affinity  for  the  gelatinous  tissaes.  It  ia 
iraposnible  at  pres*ent  to  say,  however,  to  what  extent  the  more  characteristie 
ingredients  of  the  bjle  are  thus  withdrawu  from  the  blood;  for  the  presence  of 
ita  colouring  mnittr  cannot  by  any  means  be  token  as  an  indication,  that  its 
peculiar  retinoid  aciiU  are  also  incorporated  with  the  normal  componeots  of  the 
tissues. 

2.    The  Liver. — Secretion  of  Bile. 

389.  The  Liver  is  probably  more  coustantly  present,  under  some  form  or  other, 
tbroughout  the  entire  Animal  scries,  than  nny  other  gland.  Its  form  and  oondl> 
lion  vary  so  greatly,  however,  in  different  tribes,  that,  without  a  knowledge  of  ill 
essential  structure,  we  should  be  disposed  to  question  whether  auy  identity  of 
character  exists  amoTig  the  several  organs  which  arc  regarded  as  Hepatic.  It  is, 
in  fact,  the  presence  of  bile-secretiog  cells,  that  must  be  held  to  constitute  a 
Liver ;  and  these  may  bo  scattered  over  the  gencnil  Hning  membrane  of  the 
alimentary  canal,  or  may  be  restricted  within  follicles  which  are  formed  by  de- 
pressions of  it;  these  follicles,  again,  may  be  multiplied  in  some  particular  spot, 
BO  as  to  be  aggregated  into  a  mass,  or  may  be  extended  into  long  lubes.  Id  all 
the  Invertebrata,  however,  the  Liver  is  obviously  conformable  to  the  general  type 
of  glandular  structures;  the  hepatic  cells  being  in  immediate  relation  with  a 
basement-membrane,  and  being  discharged  upon  a  free  surface.  This  will  be 
readily  understood  from  an  examinatiou  of  any  one  of  the  higher  forms  of  it, 
Puch  as  that  presented  in  the  liver  of  the  Crab,  (Fig.  95),  which,  like  the  liver 

Fig.  «6. 


Lobulo  or  Lirer  of  Squilln  Manlif  :  A,  ext«mr;  B,  the  ume  cut  npen] 

of  the  Mollusca  generally,  is  a  lobulated  glandular  mare,  formed  by  the  aggrega- 
tion of  a  multitude  of  follicles  with  distinct  caca]  terminations;  these  follides 
discharging  their  secreted  products  into  cavities  which  occupy  the  centre  of  the 
lobules,  whence  they  are  collected  by  the  ducts  which  cnnvev  them  into  the 
alimentary  canal.  On  a  careful  examination  of  these  follicIe8'(Fig  96),  and  n 
oomparisou  of  the  she  and  cynteuta  of  the  cells  at  the  bottom  and  towards  the 
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Fig.  9«. 
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One  of  the  nepatic  eiBO*  of 
AnliiFut  (ij?i«»<  (Crmy-fish),  high- 


outlet,  it  bccomea  evident  that  the  cells  onpnute  in  the  former  situation,  and 
gradually  increase  io  size  as  tbcj  advance  towiirds  the 
fatter.  It  is  ako  to  be  observed  that  tbe  eells  which 
lie  deepest  in  the  caecum  (a,  b),  contain  for  the  most 
part  tbe  yellow  granular  matter,  which  may  be  re- 
garded as  the  proper  biliary  secretion  }  but  as  they  in- 
crease in  sise,  there  is  also  an  increase  in  the  quan- 
tity of  oil-globules  which  they  contain  (c),  until  past 
the  middle  of  the  follicle,  where  they  are  found  full 
of  oil,  so  as  to  have  the  appearance  of  onlinar}-  fHt- 
cells  (d,  f).  From  this  it  happens,  that  when  an 
entire  c«ecum  is  examined  microgeopically,  its  lower 
half  appears  filled  with  a  finely-granular  matter,  inter- 
mingled with  nucleated  particles;  and  the  upper  half 
with  a  mass  of  fat-eelts,  whose  nuclei  are  obscured  by 
the  oily  particles.' — In  Vertebrated  animals,  however, 
the  Liver  seems  to  be  constructed  upon  a  different 
plnn  :  its  component  cells  are  no  longer  contained  in 
distinct  vsscal  follicles  or  elongated  tubuli  br3nchiD<r- 
utf  from  the  excretory  ducts,  bnt  are  clu.stcred  (oge- 
ther  in  ma$«08  having  no  immediate  relation  to  those 
ducts;  and  there  appears  strong  reason  to  conE^ider  the 
organ  as  in  great  part  analogous  to  tbe  Yascular  or 
lioctleee  Glands.  In  ascending  through  the  Verte- 
brated series,  it  presents  a  more  and  tnore  solid  paren- 
chymatous texture,  which  strikingly  contntKta  with  its 

loosely-lobulated  racemose  aspect  in  even  the  highest  i^magnified.  .howmK  the  pro- 
]DTert«brata.  This  character  is  very  obvious  in  the  groM  of  developmemof  ihait. 
liver  of  Man,  which  is  peculiarly  firtn  and  compact,  crcting  c«tli  froro  the  blind  «- 
and  has  less  of  connective  tissue  between  its  difforent  tr<'mUy  to  tb©  mouth  of  the 
parts,  than  is  found  in  that  of  many  other  Mammalia.  ^"".''^"':  'P*!^'"**"'  "f  '^"*'  '" 
— It  18  observable,  moreover,  in  the  Human  liver,  that  ,epa«t«ly  mia  b  e  d  : 
certain  portions  are  rudimentary,  which  are  elsewhere 

fully  developed.  Thus  in  the  Camivora  and  Rodentia,  which  present  the  most 
complex  form  of  liver  that  we  meet-with  among  Mammalia,  there  are  five  distinct 
parts ;  namely,  a  'central'  or  principal  lol>e,  and  a  right  and  left  '  lateral '  lobe, 
each  with  its  '  lobular  appendage.'  The  whole  mass  of  tbe  liver  of  Man  (Fig.  97), 
which  we  are  accustomed  to  describe  as  consisting  of  a  'right'  and  '  left'  lobe, 
does  in  reality  form  but  one  ((here  being  no  rpal  division  between  its  two  por- 
tions), which  must  be  regarded  as  the  'central'  lobe;  tbe  •  lobulua  Spigt'lii '  is 
tbe  rudiment  of  a  right  '  lateral'  lobe,  and  the  '  lobiilus  eaudatus'  is  its  '  lobular 
append.-ige /  but  the  left  'lateral'  lobe,  with  its  'lobular  appendage,'  ia  altogether 
undeveloped.* 

390.  When  tbe  Liver  is  closely  examined  with  the  naked  eye,  it  is  seen  to  be 
made-up  of  a  great  number  of  trmall  granular  bodies,  about  the  size  of  millet- 
(teeds,  of  an  irregular  form,  and  presenting  a  number  of  rounded  projecting  pro- 
cesses upon  their  surfaces.  These  are  cammonly  termed  fohuifei,  ul  I  hough  by 
some  Anatomists  they  are  apoken-of  as  acini.'     When  divided  longitudinally, 

'  Se*  Dr.  Leidj'i  •  Researches  into  the  Comparative  Stractor*  of  the  Liver,'  in  '*  Amer. 
Joum.  of  Med.  8ci.,"  Jan.  1848. 

•  For  a  general  riew  of  the  ComparatiTe  Stmctore  of  the  Liver  in  different  olasseB  pI 
ll^iIOAI^  B«5  "  Princ.  of  Comp.  Phyn.."  Am.  Ed  ,  ^l  405—411. 

*  Tbe  atini  of  Malpighi  are  the  minute  bodies  of  Turioua  forme  nnd  yellowish  colour. 
which  are  seea  whtn  »ny  indiTidunl  lobule  is  examined  with  the  mioroscofie ;  these  are 
iiKlhing  else,  howeTer,  thna  the  irregular  ifltels  of  pnrporbrmit,  left  b^rtweeu  the  iiiebheii 
of  lh»  plexua  formed  bjr  tlie  uliimate  raiuificatioaa  of  the  purlal  veiu. 
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The  inferior  or  cono«Te  rarfuM  of  th»  Liver,  showing  iU  imbdirisSom  into  lobe* :  1,  centre  of 
the  right  lobe:  2.  centre  of  the  left  lobe;  3.  its  anterior,  inferior,  or  thin  margin;  4,  itt  po-te- 
rior,  tbiclt,  or  di«phr»Kniatli;  fKirlion  ;  5,  tho  rigbt  MtTeinUy  ;  0,  the  left  eitrctnity ;  7,  the  oolcb 
in  tho  anterior  margin;  8,  th<^  iirebilii'al  or  Umgiiudinnl  Ss^ure;  9^  the  round  lig&mcnt  orrfr 
mainii  of  the  umbilica.1  vein  ;  1(1,  me  puriion  of  the  fuepeniory  lignuient  in  oonneclion  with 
round  li);anicnt;  II,  pons  hepiiiia,  or  bnnd  of  lirer  kcro8«  the  umbilical  fissure;  13, 
end  of  lougitudinml  fissure;  13,  14,  attachment  of  the  obliterated  ductus  venoiui  to  the  ueeod 
ing  vena  cars;  Id,  transverse  fiuure;  16,  section  of  the  hepatic  duct;  17,  hepatic  artery;  11 
tU  branchea ;  10,  vena  portarum:  30,  ita  maus,  or  diviaioo  into  right  and  left  branche* ;  21 
fibrous  remains  of  the  ductus  rcnogus  ;  22,  gntl-btadder ;  ZZ,  its  neck;  24,  lobnlue  qaartui ; 
lobuitts  Spigelii;  29,  lobulna  caudatus ;  27,  inferior  rcna  cava;  23,  curvature  of  lirer  to  fii 
uoending  colon  ;  29,  de^freiaion  to  fit  the  right  kidney;  30,  upper  portion  of  tt.<i  right  cnnrav 
nrface  over  ibe  renal  etpiule ;  31,  portion  of  lirer  uncovered  by  the  peritoneum ;  32,  inferior  ' 
edge  of  tho  coronary  ligament  in  the  liver ;  3S,  depression  made  by  the  vertebrft]  eolamn.] 
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they  have  a  somewhat  foliated  appearance  (Fig.  98),  arisiD^  from  the  distribu 

of  the  Hepatic  Vein,  which  passes  into  thi 
centre  of  each  division.  When  IraDsverselj 
divided,  the  lobules  are  usually  found  fo  p: 
sent  somewhat  of  a  pentagonal  or  a  bezairoi 
shape,  (he  angles  being  slightly  roand(^d, 
as  to  form  a  series  of  passages  or  interlobui 
spaces  (2  b,  Figs.  106, 100)  :  in  these  lie  the 
braochea  of  the  Vena  Portae  (as  well  as  of 
the  Hepatic  Artery  and  Duct),  from  which  are 
derived  the  plexuses  that  enter  the  lobules. 
The  exterior  of  each  lobule  is  covered  by  a 
process  of  the  'capsule  of  Glisson,'  which  is 

Connection  of  the  ioftn/Mo/tJi*  itrer,    ,,„_,,  j„_,__    ■       »l..  IK™  „_J  „ii ■        i      v    . 

_.....    „     .•  TT  :       1  .     1-   f.i.    very  dense  m  the  risr  ana  other  animals,  bui 

with  the  Hepatto  Vetn  ; — 1,  trunk  of  the   •      *      i.  ,        ,  '^  , '.     , 

vein :  2,  3,  2,  lubules  depending  from  its  ^^  80  thin  Bs  to  be  almost  undistiag:ui8hable  in 
branch e«,  like  leavea  on  a  tree ;  the  cen.  the  Human  livcr;  its  substance  is  Composed 
tro  of  eaeh  being  occapied  by  a  venom  of  a  puronchyina  formed  by  a  solid  network 
twig,  tho  Intralobular  Vein.  of  nucleated  ccUs^  the  interspaces  of  which 

are  occupied  by  the  minute  ramifications  of 
the  beforc-racntioned  vessels,  arranged  in  the  manner  presently  to  be  described. 
The  structure  of  each  lobule,  then,  gives  us  the  essential  characters  of  the  whole 
gland. 

SI>1.  The  Vena  Portse,  which  is  formed  by  the  convergence  of  the  veins  that 
return  the  blood  from  the  chylopoictie  viscera^  probably  also  receives  the  blood 
which  is  conveyed  to  the  liver  for  the  purposes  of  nutrition  by  the  Hepatic 
Artety.  Like  an  artery,  it  pradunlly  subdivide.-j  into  smnllcr  and  yet  smaller 
br&uohes;  and  at  last  it  forms  a  plexus  of  vessels,  which  lie  in  the  inter-lobular 
Bpaoes,  aod  spread  with  the  freest  inosculation  throughout  the  entire  Liver.    lo 
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Fig.  90. 


Horlioutal  section  of  thrre  puperfii-in!  ho. 
pnl  fy»t«ins  of 
nr  veing,  ter- 
minaHng  in  (he  Hep«tic  v^ins ;  2,  2,  inier- 
lohiilar  plexua,  forDied  by  bmncbes  of  lh« 


Dame  of  ?"n/er-lobular  Veins  was  given  by  Wr.  ivieruan 
noiify  in  the  capsules  of  the  lobules,  covering  with  their  raiuificationa  the  whole 
external  surface  of  these ;  and  then  enter 
their  substance.  When  they  enter  the 
lobules,  they  are  termed  lobular  veins; 
aod  the  plexus  formed  by  their  conver- 
gence from  the  circumference  of  eat'h 
lobule  towards  its  centre  (where  their  ulti- 
mate ramifications  terminate  in  those  of 
the  intra-lobular  or  hepatic  vein),  is  dcsiff- 
sated  as  the  lobular  venous  plexvn  (Fig. 
99).  In  the  islets  of  this  plexus  (the 
acini  of  Malpighi).  the  ramifications  of  the 
hepatic  duct  are  distributed,  in  the  manner 
to  be  presently  described. — The  Ilfpatic 
Artery  sends  branches  to  every  part  of  the 
Liver,  supplying  the  wulls  of  the  portal 
and  hepatic  veins,  and  of  the  hepatic  ductii, 
as  well  as  GUsson's  capsule.  The  princi- 
pal distribution  of  its  branches,  however, 

IB  to  the  lobules;  which  they  reach,  in  the  '>»'«8'  'hi-^'ng  tJie  ""»  prineipa 
saroe  manner  with  the  portal  vessels  and  ^t:!:'^"'^  ir^^'J^:":^:'!:^. 
biliary    ducts,    by   spreading    themselve 
through   the    interlobular  spaces.     There  Portal  reb 
they  ramify  upon  the  interlobular  ducts, 

and  upon  the  capsular  surface  of  the  lobules,  which  they  then  penetrate  ;  their 
minuteness  prevents  their  ultimate  distribution  within  the  lybules  from  being 
clearly  demonstrable;  but  it  is  probable  that  they  are  for  the  moat  part  restricted 
to  the  peripheral  portions  of  these.     As  to  the  ultimate  termination  of  the  ca- 

»pillaries  of  the  hepatic  artery, — whether  they  enter  the  Portal  plexus,  or  the 
Hepatic  Vein, — there  is  a  difference  amongsit  anatomists;  the  former  view  being 
upheld  by  Kiernan,  the  latter  by  Miiller.  The  question  is  a  very  interesting  one 
in  a  physiological  point  of  view;  since,  if  the  former  account  be  the  true  one, 
the  blood  which  is  brought  to  the  liver  by  the  hepatic  artery  can  only  become 
subservient  to  the  secretion  of  bile,  by  pai<sing  into  the  portal  plexus;  whilst,  if 
tbe  latter  be  the  correct  statement,  cither  the  arterial  blood  is  not  at  all  subser- 
vient to  the  formation  of  bile,  or  the  secretion  cnn  be  elaborated  from  the  arte- 
rial capillaries.  The  rettearches  of  Mr.  Kiernan  have  satisfiictorily  proved, 
that  the  intralobular  or  hepatic  veins  cannot  be  filled  by  injecttOD  from  the 
hepatic  artery,  though  they  may  be  readily  filled  from  the  portal  plexus;  whilst, 
on  the  other  hand,  there  is  reason  to  believe,  that  a  very  fine  injection  into  the 
hepatic  arteries  will  find  its  way  into  the  porta!  plexus.*  It  is  certain  that  all 
the  branches  of  the  hepatic  artery,  of  which  the  termination  can  be  aacertaincti, 
end  in  the  vena  portae ;  a  free  capillary  communication  existing  between  their 
two  systems  of  branches,  on  the  walls  of  the  larger  blood-vessels  and  duct."*. 
According  to  Miiller,  there  is  an  ultimate  plexus  of  capillary  vessel m,  with  which 
all  the  three  systems  freely  communicate;  but  for  this  idea  there  is  no  adequate 
foundation  ;  and  it  is  inconsistent  with  tbe  fact  just  stated,  that  injection  info 
the  hepatic  artcrj*  does  not  return  by  the  hepatic  vein. —  It  now  only  remains  to 
describe  the  Uepntic  Veina,  the  branches  of  which  occupy  the  interior  of  the 
lobules,  and  are  termed  I'nrrrt-lobular  veins  (Fig.  99,  1,  1,  Fig.  100).  On 
making  a  transverse  section  of  a  lobule,  it  is  seen  that  the  central  vessel  ia  fonatd 

'  See  his  Btlmirable  Memoir  on  '  The  Anatomy  aod  Phyiiologj  of  tbe  Liver,"  in  the 
'•  PLilosophicftl  Transftctiuns,  1833. 

*  This  is  s«r*f«<(I  to  bor?  been  the  cnse  in  the  injectionB  of  Lieberklihti,  although  Mr. 
KJem&D  has  not  succeeded  in  effecting  it 
24 
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BecHon  of  a  fmall  portioD  of  the  Lirer  of  a.  Ruhbit,  with  iho  Ilcpatic  or  intr&lobolir 

reins  injected. 

bj  the  ooDVcrgence  of  from  four  to  six  or  eight  minute  venules^  which  arise  froi 
the  processes  upon  the  sarfice  of  the  lohule.     In  the  fiuperBcial   lobulca  (I 
which  term  arc  de^igoati'd  those  lobules  that  lie  upun  the  exterior  of  the  glai 
dular  substance,  not  on[y  upon  the  surface  of  the  Uver,  but  also  against  the  wall 
of  the  larger  vessels,  ducts,  &c.)  the  intralubutar  veioB  commence  directly  froid 
their  surface;  and  the  minute  venules  of  which  each  is  coiupascid,  may  be  »e€r 
in  an  ordinary  injection,  converjring  from  the  cirt-umference  towards  the  centrSji'] 
as  in  the  transverse  section  of  other  lobutes.     The  intralobular  veios  terminate  il 
the  lareer  trunks,  which  pasa  alon^;  the  bases  of  the  lobules,  collecting  from  thei 
their  venous  blood ;  these  are  colled  by  Mr.  Kicriian  sutb-fohu/ar  veins.     Tl 
main  trunk  of  the  Elcpatic  Ycin  terminates  in  the  ascending  Vena  Cava. 


[Fig.  101. 
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HoriKonUl  »eol.ion  of  two  ?oprrficinl  I,n. 
bnle\  showing  the  Interlohnliir  pitxus  of 
DiUnrg  Dart,:  1,  ],  intralobular  reiug;  2,  2, 
trunks  of  biliary  ducta,  proceeding  frntn  tbc 
plexus  which  Iravsrjei  the  lobules;  3,  inter- 
lobular tissue;  4, parenchyma  of  Ihe  lobulM.J 


ti 


Diagrim  of  the  HrmtigpmeDt  of  tbe  eet 
parenohjma  (66)  of  the  Human  Livtr,  with  re- 
ference to  the  radicals  of  the  inlerlobalai  ducu 
{a  a),  and  the  Taecular  spaces  (c  c). 


392.  The  Hi-patic  Duct  forms,  by  ifs  subdiviston  and  mniifioation,  an  inter- 
lobular plexus  very  liie  that  of  the  portal  vein,  (Ficj.  101) ;  but  the  anastomosis 
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belweon  the  branches  gnin<;  to  the  different  lohnles  is  less  intimate  than  thnt  of 
the  int«rlobuIar  reins,  and  cannot  be  dirt'ctlj  demonstrated;  although  Mr.  Kier- 
nun  thinks  that  his  experiment*  leave  but  little  doubt  of  its  existence, — a  com- 
manication  (which  cannot  be  seen  to  be  established  by  any  nearer  channel),  boing 
proTed  to  exist  between  the  right  and  left  primary  subdivisions  of  the  duct.  The 
interlobular  ducts  ramify  upon  the  capsular  surface  of  the  lobules,  with  the 
branches  of  the  portal  vein  and  hepatic  artery;  but  they  cannot  be  traced  into 
their  interior  j  and  most  rect-ot  observers  agree  in  affirming  that  they  do  not 
entar  their  parenchyinatoua  substance.  To  use  the  language  of  Prof.  KoUiker,' 
"Whatever  view  we  may  take  of  the  connection  of  the  hepatic  cell-network  with 
the  efferent  biliary  canals,  it  is  undeniable  that  any  such  connection  only  takes 
place  vpan  the  surface  of  ihe  hrpatic  hht»  (lobules),  and  not  in  their  interior; 
and  that,  therefore,  the  bile  which  is  formed  tb^-re  must  be  transmitted  outtcanh 
from  cell  to  cell,"  in  the  manner  in  which  fluids  are  transmitted  through  closed 
cells  in  plants.  The  probable  relation  of  these  two  components  of  the  Hepatic 
structxire,  is  shown  (diagranimaticilly)  in  Fig.  102. — The  terminal  portions  of 
the  biliary  ducts*  are  crowded  with  nuclear  particles,  and  gmnnlar  matter,  resem- 
bliu}!:  that  which  forms  the  intercellular  plasma  of  the  lobules;  there  are  also 
cells  which  seem  to  be  identical  with  those  of  the  parenchyma,  except  thnt  their 
walls  are  thinner  and  their  contents  more  pellucid;  and  fragments  of  .similar 
cells  are  often  to  be  seen  ;  whilst  the  columnar  t-pithelium  which  lines  the  larger 
[ducts,  is  almost  or  entirely  wanting.  These  appearances  maybe  considered  to 
[indicate,  that  ao  active  secretory  function  is  going-on  in  this  situation. 

393.  The  subetatice  of  each  lobule  may  be  considered  as  a  solitl  network  of 
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Pijf.  103.  TmnsTeriC  serHon  of  %  Lohnlt  of  tt«  Unuinn  Llvfr,  showinj;  the  ret5cal«r 
■JTKtiKenieDt  of  its  parcnrbyinn,  with  tomo  of  the  branche*  oftbc  Hi-patic  Vein  in  ttie  centre, 
and  iboftr  of  ibe  PortJiIVein  at  tho  periphery. 

Fig.  lO-t.  A  small  portion  of  (bia  »«ctiun  Dior#  hight}r  maguiied,  ibowing  th«  eolumnt  of 
a«cr«ting  eella  of  which  tbe  parcDchyina  ii  compoBed. 

parenchyma  (Figs.  103, 104),  composed  of  cells;  the  interspaces  of  which  are  so 
completely  occupied  by  tbe  vascular  network  already  described,  that,  when  the 
latter  is  fully  injected,  no  vacuities  are  seen.  The  meshes  of  the  parenchyma- 
tous network  have  a  more  rounded  form  towards  the  margin  of  the  lobule,  whilst 
in  the  c*'ntre  they  are  disposed  more  radially;  so  that  in  a  section  cutting  tbe 
intmlobuhir  veins  transversely,  long  branching  columns  of  hepatic  cells  are  seen 
stretching  from  the  latter  on  alt  sides,  and  uniting  by  short  lateral  anastomoses 
(as  io  Fig.  104),  so  that  the  intermediate  mesbea  appear  like  narrow  elongated 

'  •«  Manaal  of  Human  Histology,"  (Sjdenbam  Society's  Edit.l,  vol.  U.,  p.  119. 

•  Sec  Mr.  Wharton  Jones,  la  "rbilos.  Transact.."  1848,  p.  277 
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clefts.  These  columns  (Fig.  105,  a)  usually  consist  of  from  three  to  five  rowi 
©f  cells,  and  are  generally  cylindrical  or  prisniaiie,  but  Dot  at  all  regularly  eo. 
FragmentB  of  tbetn  are  almost  always  to  be  found  among  scraped-off  particles  of 
the  liver.' 

394.  The  hilinrY  rdh  of  the  Eumnti  liver  (Fi?.  105,  b)  are  usually  of  a  flat- 
tened sphuroidal  form,  and  from  l-1500th  to  l-'2000lh  of  an  inch  in  diameter. 

Each  of  them  presents  a 
Fiu.  105.  distinct  nucleus ;  and  the 

cavity  of  the  cell  is  occu- 
pied by  yellow  amor- 
phous biliary  matter, 
usually  having  one  or 
two  large  adipose  glo- 
bule.B,  or  five  or  six  emill 
ones,  intermingled  with 
it  (a,  h).  The  size  and 
number  of  these,  how- 
ever, vary  considerably, 
according  to  the  oature 
of  the  food,  the  amountof 
exercise  recently  taken, 
,  and  other  circumstanoea. 

/J  Qw   ^^  If  an  anitual  be  very  fat, 

,    „      .  _,        ,       „         ,,        ,     .  or  be  well  fed,  especially 

4,  portum  olB  flifpofie  Cbfumfi,  from  Uamfta  Lirer,  fbavriRS'  ita  _.:.l    r  _;„    _     i 

•^      ,         .-11  .•        ,1  J  .    L  1      •    fL  ■    With  larmaceous  or  ole- 

normal  »tAtc,  6,  n,  cell  more  highly  uisjjnified,  ebowing  ihe  nucieui  agmOWS  SUbstaocea,  Uie 
«ad  diatinct  oil-particlo8,  e,  in  rarioui  itAges  of  f»Uj  degeneration,  proportion  of  adipose  par- 
ticles (f)  is  much  greater 
than  in  an  animal  moderately  fed  and  taking  much  exercise.  The  size  of  the 
oil-frlobules  varies  from  that  of  mere  points,  scarcely  distinguishable  from  the 
granular  contents  of  the  ccHs  except  by  their  intense  blackness,  up  to  one-foorth 
of  the  iliamiCler  of  the  cell.  A  still  greater  accumulation  of  adipose  particles  in 
the  biliary  cells,  gives  rise,  aa  was  first  pointed-out  by  Mr.  IJowman,*  to  the 
peculiar  condition  termed  'fatty  liver'  (S97).  The  finely -granular  matter  is  the 
portion,  from  which  the  colour  of  the  cell  is  derived;;  it  seeniti  to  Mi  the  space 
not  occupied  by  the  ml-globules  j  and  it  often  obscures  the  nucleus,  so  that  the 
latter  c:i,nnut  be  di.stlng^ui^hed  until  acetic  acid  is  added,  which  makes  the  gra- 
nular mutter  more  transparent  without  affecting  the  nucleus. — The  colls  are  im- 
bedded in  adififused  granular  plasma,  in  which  young  cells  arc  observable;  these 
being  apparently  formed  by  a  collection  of  free  nuclei.  It  has  been  usually 
supposed  that  the  hepatic  cells  ordinarily  contfiin  l/itiari/  matter;  but  such,  from 
the  recent  enquiries  of  Dr.  C.  Handficld  Jones,'  appears  not  to  he  the  case, 
aave  In  exceptional  instances,  though  the  colouring  matter  which  they  contain 
seems  to  be  identical  with  that  of  the  btle.    But  the  peculiar  svijar  which  is 

*  Thia  picxiforra  arrangemont  of  the  cellular  parenclijma  of  the  Liver,  has  led  peveni] 
etniDent  Anatomists  (iimotig  them  Prof.  Rctzius,  Dr.  Leidy.  and  Dr.  Gnillol)  to  tie  belief 
that  the  bilinry  ducts  form  a  plexus  through  the  interior  of  the  lobules,  and  that  the  bep&tio 
cells  line  tUeir  iaterior.  Although  he  had  nerer  been  ahle  to  confirm  the  statements  of 
these  obserTers  respecting  the  existence  of  n  basement-membrane  around  the  'columns' of 
hepatic  cells,  yet  he  was  so  far  satiffieJ  of  the  correotnesa  of  their  statenients  on  other 
pointa,  na  to  have  accepted  this  one,  in  former  editiona.  without  (questioning  its  correctness^ 
Further  inquiry,  however,  hna  satisfiecl  him  that  the  view  of  the  compound  nature  of  the 
He[>ntic  structure,  which  Dr.  C.  HandReld  Jonea  wm  the  lirat  lo  propound  ("  Philosophical 
TrnnEiactions,"  1816,  1S49,  and  1853),  and  which  harmonisea  with  Prof.  EulHker'a  a(tcouol 
of  its  structure  fop.  cit. ),  is  really  the  correct  one :  this  viewj  moreover,  being  Btnkingly 
confirmed  and  iUustrated  by  the  parallel  order  of  anatomical  and  physiological  facts  pre- 
sented by  the  Vascular  Cilands. 

*  "Medical  Gaiette,"  Jun.  1842,  '  " Philoaophical  TranaactJons,"  1668.        _ 


THB  LIVSB.  —  BBOKETION  OF  BILB. 


378 


V 


f 


1,  ftnpiUr  lobakj  in  a  BUt«  of  Anamin,  u 


in  the  blood  of  the  hepatic  vein  (§  185),  is  nearly  always  detect«hle 
thmughout  the  cellular  parenchyma ;  h«in^  least  ahuudaiit,  however,  when  iha 
celifi  are  loaded  m\h  fat,  which  is  more  cotniBOBly  the  case  with  those  of  the 
periphery,  than  with  those  of  the  centre,  of  the  lobules. 

395.  Before  proceeding  to  consider  the  physiological  action  of  this  organ,  we 
may  stop  to  notice  souie  of  those  Pathological  changes  occasionally  seen  in  it, 
which  have  a  most  intimate  relation  to  the  structural  details  already  given.  The 
first  class  of  alterations  in  its  appearance  to 

which   we  shall    rofer,  is   outiucct«d   with  Fio.  109. 

abnormal  conditions  of  its  Circulation,  af 
was  long-since  discovered  hy  Mr.  Kicruan 

(loc.  cit.)     When  the  liver  is  in  a  state  of        f    v -f   j  i-i    /  y 
Ansemia  (which  rarely  happens  aa  a  natu-  y'^^^^^^^      ^  ^ 

ral  condition,  although  it  may  be  induced  /    /   f  V" 

by  bleeding  an  auimal  to  death"),  the  whole         (III 
substance  of  the  lobules  is  pale,  as  repre-  v    y^  ^ 

sentcd  in  Fig.  106.     In  general,  however,  ^r   y^^ 

the  liver  is  more  or  less  congested  at  the  ljt   ^.^^   . 

moment  of  death;  and  this  congestion  may  ^^  ''^"^^.i    / 

manifest  itself  in  several  ways.    The  whole 
8ubi>tdnce  may  bo  congested  ;  in  which  case 

the  lobules  present  a  nearly-uniform  dark 

I  _  *u  -.  1.  1  ti  «;  ,  t,  »„_  ^  *v  ,:_  tliey  «ppe(ir  on  the  eitemal  snrfucc  of  tUe 
colour   throughout   tijeir   substance,    tiieir  ,.   -^    „  .  ,   ,  .    ,  o  •  .    i  i.  i 

-    .     °  ,,  111  J  liver;  2,  interlobular  spares ;  3,  iDterii>bular 

centres  being  usually  more  deeply-coloured  fig,„„,.  4,  inU-rlobuUrveba.  occupying  the 
than    the   margins.      An    appearance    more  eentrea  of  tlio  |r»ljulee;  5,  mnillerTeint,  t»r- 
frequently  offered  after  death,  however,  is  minntiDg  in  the  centrd  relni. 
that  represented  in  Fig.  107,  and  termed 

by  Mr.  Kicrnan,  the  Jirst  stage  of  il'pah'c  Vrnovt  congestion.  In  this,  the 
isolated  centres  of  the  lobules  alone  present  tbe  colour  of  sanguineous  congestion ; 
and  the  surrounding  substance  varies  from 

a     yellowish-white,    yellow,    or     greenish  F>a.l07. 

colour,  according  to  the  quantity  and 
quiiKly  of  the  bile  which  it  contains.  This 
accumulation  of  the  blood  in  the  hepatic 
veins,  and  the  emptiness  of  the  portal 
plexus,  seem  due  to  the  continuance  of  ca- 
pillary action  at\er  the  gcnenil  circulation 
has  ceased;  a  circuutstance  to  which  we 
find  an  exact  puruUel,  in  the  emptiness  of 
the  systemic  arteries,  and  the  fulness  of  the 
veins,  after  most  kinds  of  death  (§  2G0). — • 
In  the  se£i/nd  stage  of  IXepatic  Venous 
congestion,  the  accumulation  of  blood  is 
found  not  only  in  the  intralobular  veina, 
but  even  in  parts  of  the  portal  or  lobular  t,  rounded  UbnUi  in  ylrn.uge  ofif^^m.-fl 
vonuua  pleiua.  The  parts  which  are  freest  r^iou.  conycwion,  m  they  »ppenr  on  the  aur- 
from  it,  are  those  surrounding  the  interlo-  face  of  tlie  liver;  2,  intorldbaUr  tptcei  utd 
bular  spaces ;  so  that  the  non-congested  flMorc** 
jubntance  bore  appears  in  the  form  of  cir- 
cular or  irregular  patches,  in  the  midst  of  which  the  spaces  and  fissures  are  seen 
(Fig.  108)-'  Although  the  porta!  as  well  as  the  hepatic  venous  system  is  thus 
involved  iu  this  form  of  congestion,  yet,  as  the  obstruction  evidently  originates 

'  This  very  common  aspect  of  the  Liver,  wliich  presents  numerous  modtfioationa,  has 
been  s  source  of  (rreat  perplexity  to  tlio^e  who  liave  studied  the  minute  aniktomy  of  thia 
organ,  aod  has  eren  led  Anatomiata  of  tlitf  liij^lieat  emiuence  into  aerious  errors. — See  Mr 
Kraamus  WiIbod,  in  "Cjclop  of  Annt.  and  rhysiol.,"  vol.  iii.  pp.  l&u,  186. 
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in  the  laK«r.  the  term  piven  by  Mr,  Kiernan  is  still  applicable;  and  it  is  impor* 
Uiut  to  distinguish  this  appearance  from  that  next  to  be  described.     The  Mc»)f»d 

etape  of  Hepatic  Venous  congestion  very 
corntnonly  attends  disease  of  the  heart,  tod 
other  disorders  in  which  there  is  an  impe- 
diment to  the  venous  circuiatioa;  and  in 
oonibinatioQ  with  accumulatinu  in  the 
biliary  ducts,  it  jjivcs  rise  to  some  of  thow 
appearanceH  which  are  known  under  the 
niinio  of  dram-drinkers'  or  nutmeg  liver. 
The  other  form  of  partial  congestion  arises 
fmni  an  accumulation  of  blood  in  the  por- 
tal veins,  with  a  reverse  condition  of  the 
hepatic  or  intralobular  veins  ;  in  this  con- 
dition, which  Mr.  K.  deeignates  as  Prtrtal 
Vrtimt*  coil iffxf ion,  the  marginal  portiona 
of  the  lobules  are  of  deeper  colour  than 
usual,  and  form  a  continuous  network,  the 
isoltited  spaces  between  which  are  occupied 
4,  iQbalei  in  the  §etond  ftnge  of  Jirpntie  \iy  (he  Don-oongestcd  portions  (Fig.  109). 
VrHou*  eontfeittcu ;   b,  Biid  c,  tntraiobulor  fj^jjjjj  jg  ^  y^^  ^^^  Occurrence;    having 

„,ace.;  ».  congeHed    intralubul<ir  vcms;  K,  ^^^^   ^^.^^   ^     jj^    j^    j^^    children    only  — 
eonee»ted  p^tch**,  extending  U>  the  clrcum-  _  ,._     ■'  ,  ..  i   •      .i       j- 

fcrecce  of  the  lobule.;  F,  aoB-oonge6tcd  pur-  Thesfl  differences  fully  explain  the  direr- 
tiuM  of  lobule<.  S'ty  10  the  statements  of  the  older  anato- 

mists, as  to  the  relative  position  of  the  so- 
called  rf'/ nnd  j/rZ/otc  substances ;  for  it  now  pppenrs,  that  the  rtfr/ subi^tance  is 
tiitt  congested  portion  of  the  lobules,  which  may  be  either  interior,  or  exterior,  or 

irre«rularly-di8po.scd  ;  whilst  the  yellow  is 
the  non-conyetleil  part,  in  which  the  biliary 
plexus  shows  itself  more  or  less  dis- 
tinctly. 

396.  Another  very  interesting  form  of 
Patbolo<rical  change  in  the  aspect  of  the 
Liver,  which  the  knowledge  of  the  stmo- 
ture  of  the  tobuks  enable  us  to  coinpre- 
hetid,  is  that  *  pranulur-dcgeneration  * 
which  is  very  apt  to  supervene  upon  lo- 
flaumiatory  affections  of  the  organ,  and  of 
which  one  form  has  been  known  as  tVr- 
thoiii.  The  liver  thus  afTeeted '  is  usu- 
ally diminished  in  bulk,  sometimes  con- 
siderably  go;  it  is  harder  and  deniier  than 
usual;  and  ita  surface  is  roughened  by 
A.  Jobnles  u  they  nppdiir  on  tbe  lurfMc  In  the  projection  of  a  vast  nuniber  of  mi- 
■  » lute  or  Por/a/  Vt»„ut  eongtttion :  t,  \Tkisx-  nute  bodies,  varying  in  size  from  that  of 
lol-ular  «paoe.  and  fi„urc«j  c.  itttr«J..buUr  ^  j^..^  ^^^^  ^  ^^^^^  ^f  ^  huzel-nut,  whilst 
liepatlc   vcini,  oontaining  no  blood  j  D,  tha    ,^  .  .  i    •    i      •  fpv 


Fio.  100. 


cditrAl  |)»riions  in  a  RlAte  of  unBDiiiij  k,  the 
o-arginal  purtioni  in  a  oougented  ftale. 


the   connecting    tissue    shrinksin.      The 


whole  substance  of  the  viscus  is  altered 
in  the  same  manner.  When  the  bodies 
wti  minute  and  closely-set,  they  impart  what  appears  at  first  to  be  a  nni- 
form  brownlBh-yellow  tint  to  the  divided  surface;  but,  when  more  carefully  ei- 
auiined,  their  separation  becomes  evident,  their  own  hue  being  a  dull  yellow,  like 

'  The  reitemblance  which  the  cirrihoscd  Liver  often  b«iini  to  the  sole  of  a  shoe  bes«t  with 
bnJi-naile,  ban  occnsionptl  it  to  be  designated  'hob-nailed  Hver;'  whilst,  from  the  ramie  to 
which  the  rnrious  fornig  of  (Granular  Jef^encration  ar«  moat  frequently  tniccablc ;  tbe 
orgati  tliue  afft^ctud  ia  ofLen  deocribed  as  *  gin-liver,' 
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nrl^lf»acbed  wax,  —  an  apptaruucti  wltich  makes  it  not  surprising  that  LacuDeo 
pliuuld  have  been  led!  to  regard  them  as  formed  by  a  new  deposit,  analogous  to 
tliut  of  tubercular  matter.  It  was  first  guggested  by  Cruvt'ilhier,  that  the  yellow 
bodies  really  consist  of  the  proper  substance  of  the  lirer;  and  that  they  are 
furmed  by  the  excessive  development  of  a  portion  of  the  lobules,  consequent  upon 
atrophy  of  the  remainder.  This,  howcvf^r,  is  not  exatrtly  the  case  ;  for,  whether 
tuioute  granules  or  larger  bodies,  they  are  smuW  uncongested  patches,  compnjed 
of  parts  of  several  adjoining  lobules,  an<l  having  one  or  more  intfrlobuiar  spaces 
for  a  centre^  their  yellow  colour  being  pitupljthat  of  the  parenchyma  unusually 
charged  with  bile,  or,  at  Ica^t,  with  its  colouring  matter.  Th*.-  intprveiiing  por 
tions  of  the  hepatic  substance  are  more  or  less  completely  atrophied ;  and  the 
proper  parenchyma  is  partly  replaced  by  udvcntitious  fibrous  tissue,  which  inter- 
penetrates the  whole  mass  of  the  organ,  thu?  imparting  to  it  greater  solidity  than 
usual. — The  mode  in  which  this  change  is  induced,  has  been  carefully  studied  by 
I>r.  G.  Budd  ;'  who  Ibaa  shown  that  it  begins  in  infJamuiiitGry  action,  either  acute 
or  chronic.  The  former  is  ran.'  in  this  country;  but  a  form  of  the  latter,  termed 
by  Dr.  G.  Budd,  'adhesive  inflammation  of  the  liver,'  is  comparatively  frequent, 
especially  among  spirit-drinkers.  This  disease  seems  distinctly  traceable  to  the 
irritjition  produced  in  the  organ,  and  especially  in  the  lining  membrane  of  its 
blood-vessels,  by  the  presence  of  alcohol  taken  into  the  circulating  current 
through  the  radiolea  of  the  portal  vein  ;  and  it  results  in  the  partial  or  complete 
obliteration  of  some  of  the  branches  of  that  trunk  whi^h  carry  it.s  blood  through 
the  liver,  and  also  in  the  effusion  of  plastic  lymph  in  the  interlobular  spaces 
throughout  the  substance  of  the  viscus,  which  gradually  consolidales  into  a  fibrona 
tissue,  that  forms  thin  lines  between  small  irrcguliir  masses  of  the  lobules,  and 
undergoes  a  gradual  contractiop.  Both  these  causes  will  op'rsite  to  produce  atro- 
phy of  a  considerable  part  of  the  parenchyma  of  the  liver,  and  a  drawing-in  of  its 
capsule  at  the  parta  corresponding  to  those  lines  of  fibrous  tissue;  whilst  the 
i>lets  that  still  receive  their  due  supply  of  nutriment,  become  hypertrophiod,  and 
project  from  its  surface. 

397.  Among  the  most  frequent  of  the  pathological  changes  which  the  assist- 
ance of  the  Microscope  enables  us  to  discern  in  the  ht^patic  cells,  is  that  cngorge- 
tii^nt  with  adipose  particles,  which  is  observable  in 
the  condition  of  the  organ  known  as*  fatty  liver'  Fio.  no. 

(Fig.  110).  This  state  Loving  been  fnrjuently  ob- 
»»rved  in  individuals  who  have  died  of  phthisis  or 
other  diseases  of  the  lungs  involving  deficient  rc.«pi- 
r.ition,  has  been  imputed  to  a   vicarious  action  of 

the  liver,  which  (as  was  supposed)  made  au   effort      n     .■  yy ,,  .    ..,   r. 

thus  to  discharge  the  hydro-caTbonaecous    matters  „,  atrophied  uuclcui;  b,  adipot* 
that  should  normally  be  eliminated  by  the  lungs,  globules. 
But  such  a  view  is  inconsistent  with  various  facta, 

which  show  (as  Mr.  Paget  has  justly  remarked)'  that  the  fatty  Hvcr  is  on  inac- 
tive organ,  one  which  is  discharging  /fjw  than  its  ordinary  function,^  iind  that  thu 
accumulation  of  fat  in  its  cells  is  rather  to  be  considered  as  a  mark  of '  fiitty 
degeneration.'  For  the  nuclei  disappear,  the  pjroper  colouring-matter  of  the  bile 
can  no  longer  be  distinguished,  the  liver  increases  in  size  owing  to  the  tardy  or 
obstructed  removal  of  its  cells,  and  its  paleness  indicates  a  slow  and  defecJive 
supply  of  blnod;  morcmer  the  fatty  liver  presents  itself  in  many  cases  in  which 
there  lias  been  no  deficiency  of  respiration,  and  is  frerjuently  absent  in  phthisical 
subjects;  and  there  is  no  evidence  whatever,  that  the  organ  when  in  this  state 
discbarges  any  unusual  amount  of  fat  into  the  alimentary  canal.  Still  there  can 
be  little  doubt,  that  the  accumulation  of  adipose  matter  in  the  biliary  cells  is 
favoured  by  deficiency  of  rcepiration ;  for  a  marked  relation  of  reciprocity  is  dij*- 

'  See  big  "Treatise  on  DiiteaseB  of  tbe  Liver,"  2nd  Edit. 

•  •'Lectures  ou  Nutrition,*  &c.  in  "Medical  Gajette,"  1847,  vol.  il.,  p.  236. 
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ceniiblo  throughout  the  AuiuidI  scries,  between  the  amount  of  fat  contained  \i 
th(i  Hepatic  apparatus,  and  the  activity  of  the  Respiratory  function;  thxM  in 
liirdfl,  the  biliary  cells  scarcely  contain  any  fatty  partitlcB,  whilst  in  Reptiles  and 
Fiflhea  they  are  loaded  with  tbem ;  and  nearly  the  same  difference  may  be  seen 
between  the  biliary  cells  of  Insects,  and  those  of  Crustacea  and  Molluscs.  Tbig 
difference,  however,  is  probably  due  to  the  circumstance,  that  the  fat  which  it  is 
one  ofhce  of  the  Liver  to  form  (§185),  is  at  once  carried-awaj  by  the  Tenoxu 
blood,  lo  be  eliminated  by  the  lungs,  in  animals  whoso  respiration  is  actire; 
whilst  it  remains  stored-np  in  the  parenchyma  of  the  organ,  in  those  whose  rerpi- 
ration  is  comfiaratively  feeble. — Various  other  alterations,  however,  have  been 
noticed.  Dr.  T.  Wiltianis  mentions,'  that,  in  a  ca/^e  of  obstraction  of  the  ductus 
choledochus  by  malignant  disease^  which  occasioned  complete  iutermption  to  the 
passage  of  bile,  and  oouscquent  jaundice,  scarcely  an  entire  nucleated  cell  coald 
oe  discovered  by  attentive  examination  of  a  large  part  of  the  orgran.  Nothing 
more  than  minute  free  particles  of  fut,  and  free  floating  amorphous  granular  mat- 
ter, could  be  detected.  He  further  states  that,  in  a  case  of  fever,  the  hepatic 
cells  were  found  to  be  almost  entirely  destitute  of  fatty  particles;  and  that  iu 
'granular  liver,'  the  cells  of  which  the  granules  consiBt,  strongly  resemble  the 
ordinary  cells  of  the  parenchyma  of  the  liver  in  every  respect,  except  that  tbej 
are  atuiost  or  completely  destitute  of  yellow  contents.  Similar  observations  have 
been  also  recorded  by  Dr.  G.  Budd.* — In  twoca-ses  of  jaundice  examined  by  Mr. 
Gulliver,  the  hepatic  cells  were  gorged  with  biliary  matter,  some  of  them  to  such 
an  extent  that  they  had  become  nearly  opaque :  perhaps  if  this  condition  bad 
continued,  these  colls  would  have  been  all  ruptured,  and  the  state  of  the  organ 
would  have  resembled  that  described  by  Dr.  Williams. 

SiW.  When  we  take  a  general  survey  of  the  Rtfucture  of  the  Liver  in  Man  and 
the  bigher  Vertebrata,  and  of  the  relation  of  its  parenchymatous  tissue  to  the 
blood-vessela  on  the  one  hand  and  to  the  excretory  ducts  on  the  other, — and 
when  we  compare  these  arrangements  with  those  that  exist  in  the  Vascular 
Glands  and  in  the  ordinary  Secreting  Glands, — we  find  strong  reason  to  regard 
the  organ  as  sharing  in  the  structural  characters  of  both  those  classes  of  bodies, 
and  a^  likely  to  perform  the  double  function  of  Assimilation  and  Secretion.  And 
this  inference  harmonizes  well  with  all  the  facts  which  have  been  ascertained 
with  regard  to  its  operation  on  the  blood.  For,  as  we  have  already  seen  (§132), 
there  ia  very  clear  evidence,  that  the  Blood  in  circulating  through  the  liver  is  so 
changed  in  its  character,  as  to  be  rendered  more  fit  to  support  the  body ;  and  this, 
not  only  by  the  removal  of  matters  whose  presence  would  be  noxious,  but  also  by 
a  conversion  or  higher  elaboration  of  those  which  are  destined  for  the  purposes  of 
nutrition.  Now  this  is  probably  the  special  purpose  of  the  parenchymatous  tis- 
sue, which  is  traversed  by  the  blood  in  its  pasMge  from  the  I'ortal  to  the  Hepatic 
Veins ;  just  as  the  parenchyma  of  the  Peyerian  and  Absorbent  Glandulae,  of  the 
Malpighian  bodies,  of  the  JSpleen,  &c.,  is  traversed  by  blood  distributed  through 
their  capillary  plexuses  by  the  Systemic  Arteries.  On  the  other  hand,  the  biliary 
ducts  with  their  contained  ceils,  which  are  supplied  by  the  Hepatic  jixtery,  proba- 
biy  constitute  (as  elsewhere)  the  proper  secreting  apparatus. — This  view  of  the 
double  character  and  function  of  the  Liver  in  VerU^bratt'd  animals,  harmonizes 
well,  as  will  be  shown  hereafter  (Chap,  xvi.,  Sect,  4),  with  the  history  of  its  d^ 
velopment;  for  it  exists,  in  tbe  first  place,  aa  a  parenchymatuus  mass,  which  origi- 
nates independently  of  atiy  offset  from  the  Alimentary  Canal,  and  essentially 
resembles  those  masses  of  wliich  tbe  a.ssimilating  glands  are  composed ;  a  diver- 
ticulum of  the  intestine  extends  itself  towards  this,  and  gradually  pushes  its 
ramilicationB  into  its  substance ;  but  these  (as  we  have  seen)  never  proceed  further 
than  the  exterior  of  each  of  those  little  collections  of  parenchyma  that  forms  a 

*  "Guy's  HoBpftal  Reports,"  1843. 

*  See  bia  Treatise  oa  "  PiBeaseti  of  the  Liver,"  2ad  edU.,  pp.  211,  247,  &0. 
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lobnle.' — Altliougb,  however^  we  may  ropard  the  converting  and  the  trcrrtivg 
actions  as  the  special  attributes  of  two  different  porLions  of  the  apparatus,  there 
does  not  appear  to  be  adequate  reason  for  suppoBing  that  they  are  entirely  disooti- 
nected,  and  that  the  parenchymatous  substance  of  the  liver  takes  no  part  in  the 
secretion  of  bile.  On  the  contrary,  there  seems  every  probability,  from  the  inti- 
mate associatiun  of  the  two  sets  of  actions  in  the  same  organ,  that  the  one  is  to  a 
certain  extent  ihe  eomplevient  of  the  other;  biliary  matters  being  eliminated  in 
the  very  act  of  that  metamorphosis,  to  which  certain  compontTits  of  the  blood  are 
subjected.  The  ordinary  absence  of  the  peculiar  biliary  compounds  from  the  con- 
tents of  the  hepatic  cells,' is  no  objection  tu  this  view;  since,  if  this  matter  be 
transmitted  from  cell  to  cell,  towards  the  periphery  of  the  lobule,  as  fast  as  it  is 
formed,  we  should  no  more  expect  to  find  it  in  the  parenchyma,  than  we  expi'ct 
to  find  any  quantity  of  urea  in  the  blood  when  the  kidneys  are  duly  performinji; 
their  function.  On  the  other  hand,  that  the  cells  of  the  hepatic  parenchyma  are 
occasionally  found  to  be  turptd  with  biliary  matter,  when  the  final  eliminating 
process, is  in  some  way  interfered-with,  seema  to  indicate  that  they  are  concerned 
in  it«  separation  from  the  blood;  although  this  action  maybe  altogether  subordi- 
nate to  the  converting  influence  which  they  exercise  upon  the  blood  itself- 

399.  Bile  is  a  viscid,  somewhat  oiIy-]oc«king  liquid,  of  a  greenisb.yellow  colour, 
and  very  bitter  tuste,  followed  by  a  sweetish  after-taste.  It  is  readily  misciblo 
with  water,  and  its  solution  froths  like  one  of  soap.  The  proportion  of  solid 
matter  which  it  contains,  is  usually  from  ft  to  12  per-cent. ;  and  nearly  the  whole 
of  this  consists  of  substances  peculiar  to  Bile. — The  following  are  the  general  re- 
sults of  the  analyses  made  by  Berzclius,  of  Human  Bite,  and  of  that  of  the  Ox ; — 

Mam.  Ox. 

^  Water ..- 9044 

^  Biliary  matter 8-00 

^^^L  Uucns  of  the  gall-bladder '30 

^^B  Boda... -41 

^^^B  Chloride  of  Bodtain,  and  extractiTe -74 

■  — ■■ 

■  in 

I  dou 

I  folh 

i  (wh 


I 


100  00 


82-84 

6  00 

-28 


10000 


u  the  Biliary  matter,  according  to  the  researches  of  Strecker  (which  are  un- 
doubtedly the  most  accurate  and  satisfactory  that  have  been  hitherto  made),  the 
following  substances  may  be  distingiuiehed  :• — Two  resinous  acids,  the  Glyrwholic 
(which  is  the  cholk  of  Strecker  and  many  former  authors)  and  the  Toitrocholic 
(which  is  the  choleic  acid  of  Strceker,  and  is  nearly  the  same  with  the  bilin  of 
other  chemists);  these  are  formed,  according  to  Lehmann,  by  the  'conjugation* 
of  Cholic  acid  with  glycine  (gelatine  sugar)  and  taurine  respectively;  and  they 
are  united  in  the  bile  with  soda  as  a  base.  It  is  in  the  tauro-cholic  acid  that  the 
sulphur  of  the  bile  presents  itself,  no  less  thun  25  per  cent,  of  that  element  ex- 
isting in  taurine  ;  so  that  the  proportion  which 
this  acid  bears  to  the  glycr>cholic  (which  difters 
greatly  in  different  animals)  may  be  estimated 
by  the  amount  of  sulphur  in  the  mixture  of  the 
two.  Besides  a  variable  quantity  of  the  ordi- 
nar)'  Fatty  acids^  Bile  also  contains  C/i'/li-ste- 
nfn,  (Fig.  Ill),  a  nnn-saponifiable  crystalline 
fatty  Bubstitnce  ;  and  also  a  peculiar  ^jiV/mrtjf 
very  rich  in  carbon,  and  apparently  related  to 
the  colouriug  matter  of  the  blood),  which 
forms,  in  combinrttion  with  lime,  the  insoluble 
granular  matter  that  may  be  distinguished  in  ObolMtmia.] 

•  8m  Huxley  in  "  Quart.  Joum.  of  Microsc.  Science,"  toI.  ii.  p.  82. 

■  See  the  evidence  of  this,  adduced  by  Dr.  C.  Ilandfield  Jones,  in  "  PML  Trans.,"  Ift 
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bilo  by  niicroscopio  examioation.  —  It  is  remarkable  that,  notwithstanding  the 
cumpamMvely-miniite  proportioti  iti  wlueh  these  two  last  substances  exist  in  ordi- 
nary bile,  cholcsterin  should  usually  be  the  principal  ingredient  of  the  biliarr 
concretions  wbtt-h  are  frequently  fuund  in  the  paH-bladder  and  bile-ducta;  and 
that  the  bile-pi^nient  with  its  calcareous  base  should  also  occasionally  accnmu- 
late,  so  as  to  form  solid  masses  which  consist  of  little  else.  It  would  appear 
from  this,  that  ihe  peculiar  resinous  acids  of  the  bile  are  far  more  readily  re-ab- 
sorbed, than  are  its  other  ingredients ;  and  this  corresponds  with  the  results  of 
experiuienls  upon  the  conteuts  of  the  aliinentar}'  canal,  which  show  that  whil.*t 
the  colour  of  the  faeces  is  chiefly  due  to  the  presence  of  bile-pigmeot,  the  conja- 
guted  acids  are  scarcely  to  be  recoijQized  in  them. 

400.  The  quantity  of  Bilo  ordinarily  secreted  by  the  liver,  the  eircamstanoes 
which  favour  or  retard  its  production,  the  mode  in  which  it  is  discharged  into  the 
iuteiHine,  and  the  purposes  which  it  answers  in  the  Digestive  process,  having  all 
been  considered  under  a  previous  head  (§§  110 — 112),  we  have  now  to  enquire 
into  the  couditions  under  which  the  Secretion  talcea  place;  and  one  of  the  most 
important  of  these,  is  the  supply  of  Blood  which  the  Liver  receives.  How  fnr 
ihe  blood  supplied  by  the  Hepatic  Artery  is  the  immediate  source  of  the  secre- 
lion,  cannot  be  positively  ascertained;  there  is  no  doubt,  however,  that  it  niaj 
become  so  indirectly,  by  finding  its  way  info  the  portal  system.  For,  if  tbc 
Vena  Porta*  be  tied,  the  secretion  of  bile  still  continues,  though  in  diminished 
quantity;  and  several  cases  are  on  record,  in  which,  throufrh  a  Tnalformation,  tbc 
vena  portae  torniinatcd  in  the  vena  cava  without  ramifying  through  the  liver,  and 
in  which  secretion  of  bile  to<jk  place, — evidently  from  the  binod  of  the  hepatic 
artery,  which  appeared  to  have  passed  into  the  ramiticatiotia  of  the  umbilical  vein, 
these  forming  u  plexus  in  the  litbules,  that  exactly  resembled  the  ordinary  pwrtal 
plexus.' — What  effect  the  interruption  of  the  suppiy  of  blood  by  the  Hepatic 
Artery  would  have  upon  the  amount  of  bile,  has  not  yet  been  experimentally  de- 
termined; but  as  its  area  is  not  more  thau  one-eighth  that  of  the  Portal  vein, 
and  as  the  great  diminution  of  the  secretion  when  the  latter  is  tied  shows  that  its 
blood  furnishes  the  chief  part  of  the  materials  of  the  bile,  it  may  be  fairly  consi- 
dered that  the  supply  of  blood  by  the  Hepatic  Artery  is  by  no  means  essential  to 
the  act  of  secretion,  although  it  may  well  be  to  the  nutrition  of  the  organ.  The 
case  of  the  Lungs,  which  are  supplied  with  arterial  blood  by  the  bronchial  vessels, 
as  well  as  with  venous  blood  hy  the  proper  pulmonary  trunks,  seems  on  the 
whole  analogous;  the  chief  points  of  difference  being,  that  the  bronchial  arteries 
have  corresponding  veins  of  their  own,  instead  of  discharging  their  blood  into  the 
pulmonary  current. — The  fact  that  the  secretion  of  Bile  is  thus  normally  funned, 
in  great  part  at  least,  from  venom  blood,  has  been  commonly  connected  with  the 
hydrocarbonaceous  nature  of  its  chief  components,  which  must  exist  (it  is  con- 
sidered) in  larger  proportion  in  such  blood  than  in  that  of  the  arteries.  But  it 
must  be  borne  in  mind,  that  the  urinary  excretion,  which  ia  undoubtedly  formed 
at  the  expense  of  the  products  of  the  disintegration  of  the  tissue8j,i8  secreted  from 
arterial  blood;  and  since  the  bile  is,  as  it  were,  the  complement  of  the  urine  (the 
ultimate  components  of  the  two  together  making-up  the  composition  of  blood'), 


■  This,  at  least,  was  tcnod  to  be  the  case,  in  th«  only  uutance  in  wbich  the  Liver  was 
esktnined  witli  sufficiient  care.     See  Kiemno,  loo.  cit. 

*  It  h&9  been  pointed-out  by  Prof.  Liebig.  that  if  we  add  to  half  the  formula  represent- 
ini;  the  alttmate  compnettion  of  bite,  tlie  formula  nf  urate  of  ammonia  (which  is  the  charaO'' 
tiHfitic  compoiivnl  of  the  urioe  of  all  animaU  6ftv«  Mammalia),  the  eum  gives  the  propov*' 
lionals  of  the  ultimnte  compnncnta  of  dried  blood  or  ot  fteakf  with  the  addition  of  1  equif,' 
o»  oxygen  and  1  equiv.  of  water.     For : — 

I  Equiv.  of  Biliary  matter=^38C,  aaH,    N,  110 
lEqulv.  of  Uratoof  AtDmonia— IOC.     711,  6N,     60 


i 


The  8om  of  wh!ob=48C,  40U,  UN,  170 
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tbere  seems  no  reason  why  arterial  blood  should  Dot  furnish  its  materials,  u 
ubundantlj  (or  nearly  so)  as  venous.  The  real  explanation  of  the  peculiar  rela- 
tion of  the  Liver  to  tbe  Venous  circulation,  is  probably  to  be  found  in  the  action 
of  the  organ  upon  the  matters  newly-tibsorbed  into  the  circulation  from  the  ali- 
mentary canal.  That  this  action  is  not  only  assimilative,  as  already  shown  (§132), 
but  is  also  to  a  certain  extent  dcpurative,  appears  from  the  fact  that  the  liver 
tends  to  remove  from  the  Lltxtd,  and  to  ptore-up  in  its  own  Kubetance,  certain 
foreign  matters  of  an  injurious  kind, — such  as  copper  and  arFcnic, — which  have 
found  their  way  into  the  tributaries  of  the  portal  system.  This  seems  also  to  be 
the  cose  with  respect  to  pus,  which^  when  taken-up  from  ulcers  in  the  intestinal 
walls,  is  stopped  in  the  liver,  and  not  unfrequcntly  gives  rise  to  abscesses  in  ita 
substance.' 

401.  How  far  the  constituents  of  the  Bile  are  preformed  in  fhe  Blood,  or  to 
what  extent  they  are  elaborated  by  the  Licer,  is  not  yet  certainly  determined. 
It  might  be  expected,  that  if,  like  tlie  components  of  the  urinary  secretion,  they 
pre-exist  in  the  circulating  current,  and  are  merely  eliminated  from  it  by  the 
atrency  of  the  Liver,  they  would  accumulate  in  it  when  that  elimination  is  checked 
by  the  removal  of  the  secreting  organ  ;  yet  Miiller,  Kunde,  Lehmann,  and  Moles- 
chott  have  carefully  examined  the  blood  of  frogs  thus  treated,  without  finding 
any  traces  either  of  the  peculiar  resinous  acids,  or  of  the  eolouring-matters  of 
bil«.'  —  Even  though  the  materials  of  the  biliary  secretion,  however,  should 
receive  their  complete  and  characteristic  form  in  the  liver  itself,  it  is  not  less 
certain  that  thoy  are  produced  at  the  expense  of  substances  of  an  excrementi- 
tious  character,  whose  retention  in  the  circulating  current  would  be  injurious; 
this  being  strikingly  demonstrated  by  the  disturbance  of  the  functions  generally, 
and  especially  of  those  of  the  Nervous  system,  which  is  consequent  upon  the 
suspension  of  the  secreting  process.  When  the  suppression  is  complete,  the 
powers  of  that  system  are  speedily  lowered  (almost  as  by  a  narcotic  poison),  the 
patient  suddenly  becomes  jaundiced,  and  death  rapidly  supervenes,'  When  the 
secretion  is  diminished,  but  not  suspended,  the  same  symptoms  present  them- 
selves in  a  less  aggravated  fnrm.  It  is  probable  that  much  of  the  disorder  in 
the  functions  of  the  brain,  which  so  constantly  accompanies  deranged  action  of  the 
digestive  system,  is  due  to  the  less  severe  operation  of  the  samo  cause ;  namely, 

And  in  like  manner 

Formula  of  Blood— 48C,  89IT,  6N,  160 
1  Equiv.  of  Water -(-1  Equir.  of  Oiygen=  H,  20 


48C,  4011.  6N.  170 
Although  these  formmlfB  cad  by  no  meani  be  supposed  to  repreEsent  the  prooesa  which  ao- 
tuftllj  takes  place,  jet  the  coiDcidence  is  so  close,  as  to  indioate  that  the  complemeotary 
reUtion  spokcn-of  above  has  a  real  ezisteaoe. 

*  8e0  Dr.  G.  Budd'a  "TrentiBe  on  Diseases  of  the  Liver,"  2nd  edit.,  Chap,  ii.,  tect.  1. 

■8*«  the  second  edition  of  Prof.  Lehmanu't  **  Ph.vsiologischen  Chemie,"  band  ii- pp. 
75,  76.  —  It  has  beea  alrefidy  atnted,  however,  that  Enderlin  affirms  cholic  acid  to  be  a 
normal  ingredient  of  the  blood  (|  172  note) ;  so  that  the  matter  moat  be  regarded  as  still 
nadetermiDed. 

'8e«  Prof.  AUaon  in  "  Edinb.  Med.  and  Surg.  Joum.,"  vol.  iliv;  and  Dr.  Budd,  Op. 
Cit.,  Chap.  iii.  —  From  the  erideace  collected  by  Dr.  Budd,  he  is  led  to  think  it  probable 
that  the  cerebral  symptoms  are  not  due  to  the  simple  retention  of  the  materials  of  Bile; 
bat  depend  upon  some  metamorphosis  which  tliese  undergo  whilst  circulating  with  the 
blood,  whereby  a  more  noxious  poison  is  generated.  For  the  general  symptoms  of  eup- 
preasioD  of  the  secretion  may  have  shown  themselves  for  some  time,  before  any  serious 
disturbance  occurs  in  the  oerebral  functions ;  and  thia  may  supervene  very  suddenly,  and 
be  fatal  >n  a  few  hours  (p,  268J.  The  analogy  of  Unemia  (§  409)  seems  to  affurd  some 
confirmation  to  this  view ;  but  it  must  be  borne  in  mind  as  a  possible  explanation  of  the 
phenomena,  and  one  vrhich  bus  evidence  in  ita  favour,  that  the  kidneys,  by  a  vicarious 
action,  remove  the  most  poisonous  of  the  retained  biliary  matters;  and  that  it  is  nnly  when 
tJffy  can  no  longer  effect  this,  that  the  results  of  the  accumulation  of  the^e  m&ttera  begin 
to  show  themselves  in  the  perv«nioD  of  tba  fonctioss  of  the  nervoua  centres. 
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the  pnrtml  retention  within  the  blood,  of  cortflin  constituents  of  the  bile,  whici 
should  have  been  eliminated  from  the  circulating  fluid.  Such  an  abnormnl  accu- 
mulation, which  maj  depend  either  on  a  deficiency  in  the  functional  aelivity 
the  liver,  or  on  an  eicess  of  the  excrementitious  matters  brought  to  it  for  elitn: 
nation,  is  habitual  in  some  persons  j  and  it  produces  a  degree  of  indisposition 
bodily  or  mental  exertion,  which  is  difficult  to  counteract.  More,  probably,  is 
be  gained  in  such  cases  by  the  regulation  of  the  diet,  especially  the  redaction 
its  hydro-carbonaceous  componentK,  and  by  active  exercise  (which,  by  augmenl 
iog  the  reapiration,  will  promote  the  elimination  of  any  superfluity  of  this  kioi 
through  the  lungs),  than  by  continually  inciting  the  liver  to  increased  fnoctioai 
activity,  by  medicines  which  have  a  f«pecial  power  of  temporarily  augmenting^  i 
energy.  —  The  excrementitious  character  of  the  Biliary  secretion  is  very  strifc 
iugly  indicated  by  it«  formation  during  the  fcetal  life;'  which,  as  it  can  th 
have  reference  neither  to  the  function  of  Digestion  nor  to  that  of  Respiratio 
must  be  regarded  as  having  for  its  purpose  to  free  the  blood  of  matter  whii 
would  be  injurious  to  it.  And  this  matter  can  hardly  arise  from  any  other  soun 
than  the  'waste'  of  the  tissues  (consequent  upon  the  limited  duration  of  th 
existence),  which  takes  place  even  when  the  life  of  the  organism  is  most  pure!' 
vegetative.  The  re-absorj)ti(m  of  Bile  into  the  blood,  as  seen  in  ordinary  c; 
of  jaundice  dependent  upon  the  obstruction  of  the  biliary  ducts,  does  not  act 
the  general  system  in  a  manner  nearly  so  injuriouSj  as  the  retftitt'on  of  the  ni 
ters  at  the  expense  of  which  it  is  formed  baa  been  shown  to  do;*  in  fact,  mu 
of  the  dieturbance  which  then  ensuea,  may  be  attributed  to  the  disorder  of  tl 
digestive  function^  which  is  consequent  upon  the  stoppage  of  the  flow  of  bile  ini 
the  intestinal  canal  (§§  111,  112).  And  when  it  is  further  remembered,  tl 
the  greater  part  of  the  bile  which  passes  into  the  intestinal  canal  is  ordinaril 
destined  for  re-absorption  (§  117),  it  seems  fair  to  conclude,  that  the  mattei 
which  accumulate  in  the  blood  when  the  secretinfr  action  of  the  liver  is  e 
pended,  are  not  in  the  same  condition  with  those  which  are  received-back  into 
after  being  submitted  to  that  action ;  and  that  the  liver,  therefore,  not  me 
separates  them,  but  exercises  a  certain  Iriins/ormivg  agency  upon  them. 

402,  From  what  components  of  the  Blonnd  the  materials  of  the  biliary  seci 
tion  are  immediately  derived,  is  a  question  that  cannot  yet  be  answered  with  moi 
certainty  than  the  preceding.     The  close  resemblance  in  composition,  bctwe 
the  resinous  acids  of  bile,  and  the  ordinary  fata  (espectally  olein),  naturally  sug- 
gests the  idea  that  they  are  drawu  from  the  fatty  matters  of  the  blood ;  but  to 
this  notion  there  are  many  serious  objections,  both  physiological  and  chemical. 
One  of  the  most  important  of  these  is  (he  fact  ascertained  by  MM.  Bidder  an  ' 
Schmidt,  that  the  flow  of  bile  ia  not  increased  by  a  predominance  of  fut  in  th 
food^  and  that  animals  fed  exclusively  on  fat  do  not  secrete  more  bile  than  those 
entirely  deprived  of  food  :  whilst  it  has  been  found  by  Nasse,  that  the  presence 
of  a  large  amount  of  protein-compounds  in  the  food  occasions  a  great  augumen- 
tation  in  this  secretion.^     The  increase  of  the  secretion  after  each  ordinary  inges- 
tion of  food  (§  112),  and  its  marked  and   progressive  diminutioa  in  animals 
wntirely  deprived  of  aliment  (as  determined  by  MM.  Bidder  and  Schmidt),  seem 

'  It  hns  been  shown  h^  Simon  and  Prorichfl,  that  the  meeonium  which  is  contained  io  the 
intestinal  canal  at  birth,  is  chicfl;  compoacd  of  accumulated  bile. 

*  Dr.  Budd  mentions  several  cases  (Qp.  cit  pp.  209-227),  in  which  the  passage  of  bile 
into  the  intestines  was  entirelj  prevented  bj  the  complete  closure  of  the  ductus  oonmnniB, 
Mid  in  which,  neverthelcsfi,  life  was  prolonged  for  many  months ;  in  one  of  them,  the 
jaundice  first  oconrred  in  a  'wtiman  four  months  pregnant,  who  neverthelesa  bore  a  Uring 
child  at  the  full  period,  and  suckled  it  ap  to  the  time  of  her  death,  which  happened  wheo 
the  child  was  three  tnonlhs  oM.  ^  In  all  these  coses,  death  seemed  to  result  froin  grndaal 
exhaustion,  consequent  upon  the  imperfect  assiinilatiftn  of  food,  rather  than  from  any  toxic 
agency;  and  this  eren  when  the  liver  was  in  such  a  state  of  disorganisation,  that  its  fuac- 
lionol  Actirity  must  have  been  suBpended  for  some  time  before  death. 

'See  Prof.  Lehmann's  "  rhysiologischen  Cheraie,"  2nd  edit.,  band  ii.,  pp.  64-66. 
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to  iDdicate  that  its  materials  may  be  directly  derived  in  part  from  proteinneeoufl 
materials  which  do  not  undergo  metamorphoBis  into  tissue;  whilst  on  the  other 
hand,  there  is  every  reason  to  believe,  that  the  prmJuction  of  the  componenta  of 
bile  is  a  necessary  pirt  of  those  processes  of  retrograde  metamorphosis,  by  which 
the  tnttterials  of  the  effete  tissues  are  removed  from  the  system.  —  But  it  is  not 
the  formation  of  bile  alone,  that  is  effected  by  the  Liver  at  the  expense  of  these 
substances;  for  the  experiraents  of  M.  CI.  Beraard'  have  clearly  proved,  that 
the  p<?caliar  stujar  which  is  found  in  the  blood  of  the  hepatic  vein,  and  which 
may  be  extracted  also  from  the  substance  of  the  liver  itself,  may  be  generated  at 
the  expense  of  protein-compounds;  and  the  same  is  probably  the  case  with  the 
lirer-yh^,  the  production  of  which  seems  to  be  in  great  degree  vicarioua  with  that 
of  sugar.  Now  these  substances  are  not  less  truly  products  of  secrctian,  than  is 
the  bile  itself;  although  they  are  carricd-off  by  the  blood  of  the  hepatic  vein, 
and  are  directly  eliminated  by  the  lungs,  instead  of  being  withdrawn  from  the 
current  of  the  circulation,  and  discharged  through  the  biliary  ducts  into  the 
alimentary  canal. — Taking  all  these  considerationa  into  account,  we  seem  entitled 
to  conclude,  that  besides  its  operation  as  an  Assimilating  orgao,  whereby  it  helps 
to  prepare  histogenetic  materials  for  conversion  into  blood  and  solid  tissue,  the 
Liver  exerts  its  Secretive  action,  in  separating  the  hydrocarbon aeeous  portion  of 
the  protein-compounds  which  are  deiitined  to  undergo  retrograde  metamorphosis, 
as  being  thither  snprrjiuous  or  efetp ;  and  this  under  the  three  fomis  of  Sugar, 
Fat,  and  Bile.  The  two  former,  if  not  at  once  removed  by  the  blood-current, 
remain  «tored-up  in  the  liver  itself,  as  a  pabulum  for  respiration ;  the  latter, 
being  of  use  in  the  digestive  operation,  is  first  poured  into  the  alimentary  canal, 
from  which,  however,  the  greater  part  is  subsequently  reabsorbed,  its  eomponenta 
being  oxidated  and  then  eliminated  through  other  channels,  the  Hydro-Carbon 
as  water  and  carbonic  acid  through  the  Lungs,  the  Sulphur  as  sulphuric  acid 
through  the  Kidneys, 

403.  Not  only  in  thus  helping  to  decompoBe  the  protein -com  pounds,  and  to 
eliminate  from  them  the  appropriate  materials  for  the  combust)  ve  process  (so  that  the 
immedl&te  pabulum  of  that  process  is  the  same  in  Carnivorous,  aa  in  Herbivorous 
animals),  is  the  Liver  subservient  to  the  Respiratory  function.  For  it  conv^irts 
all  forms  of  $accharine  matter  derived  from  the  food  into  'liver-sugar/  the  form 
which  is  most  favourable  to  oxidation ;  and  it  exercises  a  similar  transforming 
power  upon  /atfj/  matter,  generating  the  peculiar  '  liver-fat,'  from  other  oleagi- 
nous or  from  saccharine  substances  supplied  by  the  food.  It  is  not,  then,  so 
much  by  the  sepamtion  of  bile  (aa  formerly  propounded  by  Prof  Liebig),  as  by 
the  change  which  it  effects  in  the  circulating  blood,  that  the  Liver  prepares  the 
materials  adapted  for  the  sustenance  of  the  combustive  operation.  For  it  is 
quite  certain,  that  if  the  whole  of  the  eoHd  biliary  matter  poured  into  the  intes- 
tine  were  re-absorbed,  it  couhl  furnish  but  a  small  proportion  (probibly  not  more 
than  one-twelfth)  of  the  total  amount  of  hydrocarbon  which  is  eliminated  by  the 
lungs :  and  the  preparation  of  the  liver-sugar  and  liver-fat  in  the  blood  itself,  ia 
evidently  the  far  more  important  part  of  the  office  of  the  Liver,  as  regards  the 
Respiratory  fuaction. 

3.    The  Kidneys. — Secretion  of  Urine, 

404.  The  Kiilnnjs  cannot  be  regarded  as  inferior  in  importance  to  the  Liver, 
when  considered  merely  as  Excreting  organs ;  but  their  function  only  consists  in 
separating  from  the  blood  certain  effete  substances  which  are  to  be  thrown-off 
from  it,  and  has  no  direct  connection  with  any  of  the  nutritive  operation?  con- 
cerned in  the  introduction  of  aliment  into  the  system.  The  following  ore  the 
points  in  the  minute  structure  of  these  organs,  which  are  of  most  importance  in 
their  Physiological  relations.*     Their  glandular  and  vascular  elements  are  itn- 

'  "NoaTelle  Fonction  du  Foie,"  (IS-OS),  chap.  ii. 

•See  especially  Mr.  Downian'a  Memorr  in  the  "Philosophic*!  Transactions;"  1B42; 
also  Ooodsir  in  "  Edinb.   Uoathljf  Juurnal,"   1842;    Qerlacb,  Bidder,  and  Kiilliker,  ifl 
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bedded  in  a  ntroma  composed  of  interlacing  fibres  (Fig.  112,  dtf);  this  is  more 
ubuodunt  in  the  medullary,  than  in  the  cortical  subsUnce ;  but  at  the  surface  cf 
tbe  gland  it  ia  condensed  into  a  continuoua  membrane,  which  is  loo>selj  coDnect<'d 


Fio.  112. 


.tt^^/ 


/■ 


5^1 


^r/tr^=fr 


Section  of  tho  Cortieal  SniMtiinee  of  the  Human  Ki'dnei/  :^\  v,  '  i'-  ili  uriniferi  diriited  trmnl> 
rerselj,  showiog  tbe  cpheroidol  epitbeliam  in  their  interior  ;  b,  Malpigbian  Capsale  ;  a,  tu  afferrot 
brmooh  of  the  reoal  artery  ;  b,  ita  glomBnalua  of  oapLlUriei ;  o  e,  leoretlng  plexai,  formed  bj  itt 
fllTerent  TesseU ;  d  d,  fibroiu  stroma. 

with  the  proper  capsule.  The  distinction  between  the  corttcaf  and  the  mnhjlary 
part  of  the  Kidney  essentially  consists  in  this,  —  that  the  former  ia  by  far  the 
most  vascular,  and  the  plexus  formed  by  the  tuhuli  uriniferi  seems  to  come  into 
the  closest  relation  with  that  of  the  aanguiferoua  capillaries,  so  that  it  is  pio- 


Fio.  114. 


Fio.  113.  A  porlian  of  the  Kiifneg  of  a  new-bom  infant:  —A,  natural  ti«fl  :  1,  1,  Corpani 
Matpighintiii,  ae  diapvrfed  poitili  in  the  cortical  aobitmice;  2,  papilla. — b,  a  ifnialler  part  mag- 
niSed ;   Ij  I,  Corpora  Malpigbiana;  2,  tnbuli  uriniferi. 

Fts.  Hi.  Portion  of  one  of  the  tubuU  uriniferi,  from  the  Hedullary  cubstanee  of  the  kid- 
ney of  an  adult;  Bhowiiig  its  lejaelated  epilbulium. 

bably  the  seat  of  the  greater  part  of  the  process  of  secretion ;  whilst  the  latter 
is  principally  composed  of  tubes,  passing;  in  a  Ptrai^bt  line  from  tbe  former 
towards  their  point  of  entrance  into  tho  ureter.     Tbe  tubuli  uriniferi,  in  passing 

'*  Mtillcrs'-^  ArcHt?.,'"  1846;  Toynboe  in  "  Mod.-Chir.  Trnns.."  1848:  Johnson  in  "CycJ^p, 
dif  Anut  :ind  Phya,"  art.  'Ren.';  Gnirtlnprin  "  Edinb.  Monthly  Journal,"  1848:  Frerichs, 
"Die  llrinhfsclie  NiiTenkrankheit  uml  ilcren  richandlnng,"  1851;  and  Kollikcr,  "Mitro- 
•kopische  Aiiiitomie,"  and  "Man.  of  Hubb.  Histol."  (Sjdeo.  8oc.) 
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increase  in  ouoiWr  by  di- 
varication to  a  considerable 
eitent,  aa  sihown  iu  Fig, 
115,  but  their  diameter 
remains  the  same.  When 
they  arrive  in  the  cortical 
substAnce,  their  previously- 
straight  direction  is  de- 
ported-from,  and  they  be- 
couae  much  ccDvoluted. 
The  closeness  of  the  tex- 
ture formed  by  ihcir  in- 
terlacement with  the  blood- 
MBBels,  renders  it  difficult 
to  obtain  a  clear  view  of 
their  Diode  of  termination  ; 
bat  they  seem  to  inosculate 
with  each  other,  so  as  to 
form  a  plexus,  with  free 
extremities  here  and  there 
(Fig.  115);  the  number 
of  gach  free  extreniitic?, 
however,  does  not  appear 
lo  be  nearly  equal  to  that 
of  the  uriuiferoos  tubes 
tbenificlves.'  TUe  tubuH 
are  lined  with  an  epithe- 
lium, the  chnructer  of 
wbicb  varies  in  different 
parts  of  their  course.  In 
the  tubes  of  the  eorrical 
subatance,  the  cells  are 
spheroidal  in  their  form, 
and  project  considerably 
from  the  basement  mem- 
braoe  on  whi(;h  they  lie, 
90  as  to  occupy  a  consider- 
able  part  of  the  area  (Fi^. 
112,  A  a),  as  is  the  case 
with  those  of  glandular 
follicles  generally.  In  the 
straight  tubes  of  the  me- 
dullary substance,  on  the 
other  hand,  the  cells  are 
flattened  and  polygonal, 
corresponding  to  the  gene- 
ral type  of  pavement-epi- 
thelium (Fig.  114);  and 
they  project  so  little  from 
the  walls  of  the  tube,  aa  to 


A  puiull  ptirtion  of  tlie  Kldneg,  mnpnili'Ml  nbout  fiO  tiinr*: 
— I,  itippoBcJ  CKcal  extrpuiity  of  a  (abnlas  nrinifurui  ;  J,  2, 
recurrent  loopi  of  tubuli;  3,  3,  birurcationn  of  tDbuli;  4,  i,  il, 
tnbali  conr«r(;ing  towards  the  pHpilla;  7,  7,  7.  Corpora  Mal- 
fvighiatia,  «p«n  to  CQn«*l  of  convoluted  lioot«  of  blood- vet#«lt. 
connected  with  a  capillary  net-work  ;  8,  arterial  trunk. 


occasion  but   little  diminution   in  its  area.     Each  cell  contains  a  nucleus ;  und 

•  In  Mr,  Dowman's  opinion,  all  the  free  citrcmities  of  tbo  tuhulj  ariniferi  include  Cor- 
pora Malpijrhiira* ;  and  the  appearance  of  ciecal  (ermination*,  such  u-i  those  reprcsentctl 
at  2  »,ni1  h.  Fig.  11.5.  he  rep»ni<"  a?  nn  optical  jjlujlnn,  cnu?prt  hj  a  cbaugy  in  tlie  direction 
of  th«  tobttli,  which  occaaioaa  tbeia  to  dip-away  auiidri}))'  froui  the  obtscryer. 
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in  ita  mkrior  there  is  ordinarily  to  be  seen  a  little  finelj-grnnalar  matt 
with  a  few  minute  fat-globulea  clustered  round  the  nucleus;  the  ce 
Willi  is  remarkable  for  its  delicacy,  and  is  one  of  the  first  structures  to  unde: 
decotnposition  j  and  after  ita  destruction,  free  nuclei,  interspersed  among  onu 
phous  granules,  alone  remain  in  the  interior  of 
Fio.  11*.  tubules.     Scattered  through  the  plexus  fonued  by 

btood-vcBsels  and  uriniferous  tubes,  a  number  of  li 
dark  points  may  be  seen  with  the  nnked  eye,  to  wh 
the  designiitioQ  of  Corpora  Malpigliiaoa  has 
given,  after  the  name  of  their  discoverer.  Each 
of  these,  when  examined  with  a  high  magnifyii 
power,  is  found  to  consist  of  a  oonvolated  mass 
minate  blood-vessels  (Fig,  115,  7);  and  this  is 
eluded  in  a  flask -like  dilatation  of  one  of  the  tu 
uriniferi  (Figs.  112,  B,  116,  c,  cT).  According  to  Mr 
Bowman,  this  dilatation  proceeds  only  from  the  termi- 
nation of  the  tubulus;  and  this  seems  to  be  usually 
the  case,  although  it  appears  uot  improbable  that  it 
may  sometimes  be  a  lateral  diverticuiura,  as  described 
by  Gerlach  (loc.  cit.).  The  eptthelium,  which  els<s 
where  lines  the  tube,  is  altered  in  appearance  wl 
the  tube  is  continuous  with  this  cupsular  dilata 
(Fig.  116,  t');  being  there  more  transparent,  and 
nished  with  cilia  (as  shown  at  A"),  which,  in  the 
and  other  Reptiles,  may  be  seen  for  many  hours 
death,  in  very  active  motion,  directing  a  current  do' 
UriniferousTpba.MDlpighiftn  the  tube.  Further  within  the  capsule,  this  cpithe- 
Tuft  and  Capiuie,  frora  Kidnty  lium  becotncs  cxcessively  delicate,  and  sometimes  dis- 
«/^Voi,.— a,cantyoftheub«;  appears  altogether.     The  surface  of  the  Malpighisn 

r;iZ!f!nrrLiL'^"f',K!'';ik'  tua  is  often  seen  to  be  studded  with  nuclear  particles, 
eiimieij  epitaelium  of  the  neok      ,  .   ,  i      ■  i         t        •     •  n   i 

of  iho  cap»ulej  b",  detached  whica  suggest  the  idea  that  it  is  covered  by  an  epi- 
epithdium-«nile;  e,  buemenu  thelial  layer}  and  hence  Gerlach,  followed  by  other 
meiabmoo  of  tube;  t/,  bo«e-  anatomists,  has  maintained  that  the  flask-shaped  dila- 
weDt-membmnft  of  ^-P'^^^'^j  utiou  of  the  tubulus  urinifefus  is  not  perforated  by 
the  blood-Tcasels  which  form  the  Malpighian  tuft,  but 
is  reflected  over  them.  It  appears  probable,  however, 
that  these  nuclear  particles  really  belong  to  the  walls  of  the  vessels ;  and  the 
most  carefu!  exsiminiition  has  failed  to  detect  any  such  reflection.  On  this  as  on 
all  other  points  of  importance,  therefore,  Sir.  Bowman's  original  description 
proves  to  be  unassailable.' 

405.  The  Circulation  of  Blood  through  the  Kidney  presents  a  very  remark- 
able peculiarity.  The  supply  is  derived  in  Man  (as  in  other  Mammalia)  dirnrt 
from  the  arterial  system  ;  though  in  Fishes  and  Reptiles  the  urinary  appuntus 
is  connected,  as  well  as  the  biliary,  with  the  portal  venous  system,  and  even  in 
Birds  a  portion  of  ita  blood  is  derived  from  the  latter.  But  although  this  organ 
is  supplied  from  the  Renal  Artery,  yet  it  is  not  to  its  proper  secretory  apparatus 
that  the  blood  of  the  artery  is  distributed  in  the  first  instance ;  for,  on  entering 
the  kidney,  this  vessel  speedily  and  entirely  divides  itself  into  minute  twigs, 
which  are  the  afferent  vessels  of  the  Malpighian  tufts  (Figs.  112,  a,  117,  a/) 
After  it  has  pieroed  the  capsule,  each  twig  dilates  ;  and  suddenly  divides  and  sub- 
divides itself  into  several  minute  branches,  terminating  in  convoluted  capillaries, 
which  are  collected  in  the  form  of  a  ball  (Figs.  112,  b,  117,  tn,  m)}  aid  from  lb« 

'  The  A  priori  improbabillilj  that  the  hAFe meat- membrane  of  a  glandular  tubule  or  fol- 
licle should  he  thus  pcTielrnlcd  by  blood-vesselB,  hnsbeen  cntirpij  removed  by  thediBCOTef 
tbtit  $uch  penctnition  dues  uike  ptnco  in  utbcr  cnset,  u  the  I'ejeriKU  glandulae  (|  lilfi)  il 
the  Cnrpora  Mnlpighiaua  of  the  Spleen  (J  14'2  il). 


m,  coDvolntei]  capillariei 
Malpigbiaa  tuft. 
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iDterior  of  the  ball,  the  solitary  rffrrcnt  vessel,  e/,  arises,  which  passes  out  of 
the  openle  by  the  eide  of  the  single  afferent  vessel.    This 
ball  seeus  to  lie  loose  and  bare  in  the  eapaale,  being  at*  F'o- 117- 

tached  to  it  only  by  its  affiTcnt  and  efferent  vessels  (Fig. 

»112,  6).  The  rfferent  vessels,  on  leaving  the  Malpigbian 
bodies,  separately  enter  the  plexos  of  capillunea  (Figs. 
112,  c,  117,  vi)t  surrounding  tlie  tubuli  uriniferi  (st),  and 
supply  that  plexus  with  blood ;  from  this  plexus  the  renal 
vein  arises. — Thus  there  is  a  striking  analogy  between  the 
mode  in  vrbicb  the  tubuli  uriniferi  are  supplied  with  blood, 
for  the  purpose  of  elaborating  their  secretion,  and  the  plan 
on  which  the  hepatic  circulation  is  carried-on.  For  as  the 
secretion  of  the  Liver  ia  formed  from  blood  conveyed  to  it 
by  one  large  vessel,  the  portal  vein,  which  bas  collected  it 
from  the  venous  capillaries  of  the  chylopoietic  viscera,  and 
which  subdivides  again  to  di.«tribute  it  through  the  liver,  so 
the  secretion  of  the  Kidney  is  elaborated  from  blood  which 
has  already  passed  through  one  set  of  capillaiy  vessels, 

those  of  the  Malpighiau  tufts;  this  blood  is  coUectod  and  veHelf ;" from "V>vy«ry  ,r/ 
conveyed  to  the  proper  secrefriu/  eurfaee,  however,  not  by  /7i}r.*.—o.  branch  of  Rennl 
one  large  trunk  (which  would  have  been  a  very  inconve-  artery ;  a/,  afferent  veiaoU ; 
nient  arrangement),  but  by  a  multitude  of  cnmll  ones,  the  "'•  •"•  Malpigbian  toft* : «/, 
effa-mt  vessels  of  the  Malpigbian  bodies  which  maybe  </.  ^ff^eni  ve«eU ;  i>  vm- 
regarded  as  collectively  rcpresi^ntmg  the  portal  vein,  Since  t^^  tubes-  »f,  ftmiirbt 
they  convey  the  blood  from  the  systrmic  to  the  secreting  inbc  j  et,  conrolntcd  tube. 
capillaries.     Hence  the  Kiduey  may  be  said  to  have  a 

portal  system  within  itself. — Tbij»  ingenious  view  of  Mr.  Bowman's  finds  support 
from  the  fact,  that  in  Reptiles  the  rfftnvt  vessels  of  the  Malpigbian  bodies  (which 
receive  their  blood,  as  elsewhere,  from  the  renal  artery)  unite  with  the  renul 
branches  of  the  Vena  I'ortae,  to  form  I  he  secreting  plexua  around  the  tubuli  uri- 
niferi. Here,  therefore,  the  blood  of  the  secreting  plexus  has  a  double  sourct-, 
the  vessels  which  gnjiply  it  receiving  their  blood  in  part  from  the  capillaries  of 
the  organ  itself,  and  in  part  from  tho^e  of  viscera  external  to  it ;  just  an,  in  the 
Liver,  the  secreting  plexus  ia  supplied  in  part  by  the  nutritive  capillaries  of  the 
organ  itself,  which  recuive  their  blood  from  the  hepatic  artery^  and  ia  part  by  the 
blood  conveyed  from  the  chylopoietic  viscera  through  the  vena  porta?. 

406.  These  admirable  researches  of  Mr.  Bowman  on  the  structure  of  the 
Slalpighian  bodies,  and  on  the  vascular  apparatus  of  the  Kidney,  have  thrown 
great  light  upon  the  mode  in  wbiih  the  Urinary  secretion  ia  elaborated.  One  of 
the  most  remarkable  circumstances  attending  this  excretion,  in  the  Mammalia 
particularly,  is  the  large  but  variable  quatitity  of  teater,  which  is  thus  got-rid  of, 
—  the  amount  of  which  bears  no  confront  proportion  to  that  of  the  solid  matter 
dissolved  in  it.  The  Kidneys,  in  factt  seem  to  form  a  kind  of  regulating  valve, 
by  which  the  quantity  of  water  in  the  system  is  kept  to  ita  proper  amount.     The 

»  amount  of  exhalation  from  the  Skin,  which,  with  that  from  the  Lungs,,  is  the 
other  principal  means  of  removing  supcrSuous  liquid  from  the  blood,  is  liable  to 
bo  greatly  affected  by  the  temperature  and  degree  of  humidity  of  the  air  around 
(§  422):  hence,  if  there  were  not  some  other  means  of  adjusting  the  qunndty 
of  fluid  in  the  blood-vessels,  it  would  be  subject  to  continual  and  very  injurious 
variation.  This  important  function  is  performed  by  the  Kidneys ;  which  allow 
such  a  quantity  of  water  to  pass  into  the  urinary  tubes,  as  may  keep  the  prt'Mvrf 
within  the  vessels  at  a  nearly  uniform  standard.  The  quantity  of  water  which 
is  pftssed-off  by  the  Kiilneys,  therefore,  will  depend  in  part  upon  that  exhaled  by 
the  Skin  ;  being  greatest  when  this  is  least,  and  vice  versd:  but  the  quantity  of 
solid  matter  to  be  conveyed-away  in  the  secretion,  has  little  to  do  with  this ; 
being  dependent  upon  the  amount  of  icatie  in  the  system,  and  upon  the  c^uantitj 
25 
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of  Burplufl  Azotized  aliment  Trhich  has  to  be  discharged  through  this  channel.  -> 
The  Kidnej  contains  two  very  distinct  provisiooa  for  these  purposes.  The  ccVt 
lining  the  tubuli  urinifcri  arc  probably  here,  as  clscwbore,  the  iostrumenU 
by  which  the  soNd  matter  of  the  secretion  is  eliminated ;  whilst  it  can  scaioely 
be  doubted,  that  the  office  of  the  Corpora  Malpi^hiana  is  to  allow  the  tnuisudi- 
tion  of  tho  superfluoua  fluid  through  the  thin-wallcd  and  naked  capillaries  of 
which  they  are  composed.  "It  would  indeed,"  Mr.  Bowman  remarks  (Io«.  dt, 
I  p.  75),  "  be  difficult  to  conceive  a  disposition  of  parts  more  calculated  lo  favoor 
the  escape  of  water  from  the  blood,  than  that  of  the  Malpighian  body.  A  large 
artery  breaks-up  in  a  very  direct  manner  into  a  number  of  minute  braoches; 
each  of  which  suddenly  opens  into  an  assemblage  of  vessels  of  far  greater  aggre- 
gate capacity  than  itsolf,  and  from  which  there  i&  but  one  narrow  exit.  Hence 
must  arise  a  very  abrupt  retardation  in  the  velocity  of  the  current  of  the  blood. 
The  vessels  in  which  this  delay  occurs,  are  uncovered  by  any  structure.  Tbey 
lie  bare  in  a  cell,  from  which  there  is  but  one  outlet,  tho  orifice  of  the  tube. 
This  orifice  is  encircled  by  cilta,^  in  active  motion,  directing  a  current  towards  the 
tube.  Theso  exquisite  organs  muMt  not  only  serve  to  curry  forward  the  fluid 
which  is  already  in  the  cell,  and  in  which  the  vascular  tuft  is  bathed  ;  but  must 
tend  to  remove  pressure  from  the  free  surface  of  the  vessels,  and  so  to  encourage 
the  escape  of  their  more  fluid  contents. "  —  Here  we  see  the  essential  diflerenc 
which  exists,  between  the  vital  ageacy  concerned  in  the  true  Secreting  pro 
and  the  phji/sk-al  power  which  occasions  fluid  exhalation  or  transudation. 
'difference  is  precisely  the  same  as  that  which  exists  between  the  vital  act  of  se- 
lective absorption,  and  the  pht/sical  operation  of  endosmose  or  imbibition.  By 
Imbibition  and  Transudation,  certain  fiuids  may  pasfi  through  organic  uiembranes, 
in  the  dead  as  well  as  in  the  living  body ;  and  this  paijsage  depends  merely  upon 
the  physical  condition  of  the  part,  in  regard  to  the  amount  and  the  nature  of  the 
fluid  it  contains,  and  the  permeability  of  its  tiasuea.  Not  only  does  water  thus 
transude,  but  various  substances  that  are  held  in  complete  solution  in  it,  espe- 
cially ulbuiuinous  and  saline  matter :  it  is  in  this  manner  that  the  Blood  absorha 
fiuids  from  the  digestive  cavity  (§  124),  and  pours-out  the  serous  fluid  which 
uupiea  the  intersp^ices  of  the  areolar  tissuu  and  the  serous  cavities.  The  trans- 
lation of  the  watery  portion  of  the  bluod  is  much  increased  by  any  impediment 
to  its  flow  through  the  vussels,  and  also  by  any  causes  that  produce  a  diminished 
resistance  in  their  walla. 

407.  The  Kidney  is  liable  to  undergo  alterations  of  its  normal  structure,  from 
a  perversion  of  its  ordinary  formutive  processes,  which  are  of  a  nature  very 
analogous  to  those  which  have  been  already  described  as  occurring  in  the  Livej, 
though  with  difierences  arising  out  of  the  specialities  of  its  conformation. 
Several  different  kinds,  as  well  as  degrees,  of  such  alteration,  have  been  described 
(as  it  now  appears)  under  the  general  term  '  Bright's  disease,'  which  has  been 
applied  almost  indiscriminately  to  almost  every  kind  of  chronic  degeneration  of 
the  structure  of  the  Kidney,  that  is  atteuded  with  the  presence  of  albumen  in 
the  urine. — In  the  firat  place,  there  may  be  mere  va.scular  Cotif/fsfion,  this  espe- 
cially affecting  the  vascular  coil  of  the  Malpighiau  bodies,  and  the  secreting 
plexus  around  the  tubuli  uriniferi  of  the  cortical  substance ;  with  this,  however, 
there  is  usually  more  or  less  efl^usion,  either  of  blood  or  of  fibrinous  exudation, 
into  the  interior  of  the  tubules,  and  sonictiuies  amidst  the  interHiitial  tissue;  and 
the  epithelium  is  very  commonly  thrown-otf,  F'Omctimes  presenting  itself  in  the 
urine,  but  often  remaining  entangled  in  the  fibrinous  exudation,  ao  as  to  block-up 
the  tubuli.  This  condition  may  be  induced  by  cold,  and  also  by  scarlatina,  is 
well  as  by  other  cutaneous  affections  which  interfere  in  a  considerable  degrM 
with  the  ordinary  functions  of  the  skin.  —  When  this  congestion  passes  into  /n- 
Jiammation,  the  effusion  becomes  more  completely  organizablej  and  in  the 
changes  which  this  subsequently  undergoes,  it  becomes  the  occasion  of  a  further 
alteration  in  the  proper  substance  of  the  kidney.     The  seat  of  the  plastic  exuda* 
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tioD  may  be  either  tfae  inter-tubular  substance,  or  the  interior  of  the  tubuli.  In 
the  first  case,  it  usually  becomes  dtiveloped  into  a  more  or  less  perfect  fibrous 
tissue,  which,  b}'  undergoing  a  progrespive  contraction,  comes  to  props-upon,  and 
at  last  to  obliterate,  many  of  the  blood-vcsselB  and  tubuli  uriniferi ;  thus  pro- 
ducing a  deficient  supply  of  blood,  and  atrophy  of  the  proper  tissue  of  the 
Kidney,  whilst  the  bulk  of  the  organ  is  generally  augmented  by  the  large  pro- 
portion of  eiudation-tiesue  which  it  may  include,  though  it  is  sometimes  reduced. 
This  Ftate  is  analogous  in  all  essential  particulars  to  the  cirrhosis  of  the  Liver 
(§  300).  The  plastic  exudation,  on  the  other  hand,  may  be  poured-out  rather 
vrifhin  than  around  the  tubes,  thus  directly  blocking  them  up.  In  either  ease, 
Lowerer,  an  obstruction  to  the  exit  of  the  secreted  fluid  through  any  tube,  whilst 
its  Malptghtan  corpuscle  ia  still  capable  of  allowing  the  transudatioo  of  fluid 
through  its  glomerulus,  will  occasion  a  distention  of  the  tube  or  of  its  Malpi- 
ghiau  capsule  above  the  obstruction  j  and  thus  a  cyst  is  formed,  which  may  itself 
become  filled  with  exudation-substance.  When  the  exudation  is  pourcd-out  into 
the  interior  of  the  tubuli,  it  seems  to  be  much  more  prone  to  degrading  changes, 
tliuD  when  it  is  effused  into  tlie  intcrtubukr  substance  ;  for  it  seldom  passes  into 
the  fibrous  condition,  but  at  first  presents  a  granular  appearance,  and  speedily 
undergoes  'fatty  degeneration.'  And  this  is  not  unfref[\iently  the  ease  with  the 
ioterstitial  deposit,  which  is  often  formed  in  greater  or  lets  ubundaDce  when  the 
interior  of  the  tubes  is  also  occupied  by  it;  so  that  the  morbid  product  ia  found 
in  all  parts  of  the  gland,  —  the  intcrlubular  tissue,  the  tubules,  and  the  Malpi- 
ghian  capsules,  —  obliterating  a  large  proportion  of  the  normal  structure.  This 
condition  presents  itself,  more  or  less  fully  developed,  in  the  greater  number  of 
fatal  cases  of  '  Brigbt's  disease ;'  and  it  is  that  which  first  attracted  attention  as 
•granular  degeneration/  the  granulations  being  produced  by  the  distension  of 
loops  or  clusters  of  tubules  with  exudation-matter.  —  It  is  probable  that  in  the 
case  of  the  Kidney,  us  in  that  of  the  Liver,  there  is  an  idopathic  *  fatly  dogene- 
rvtioD '  of  the  secreting  cells  (§  397),  withyut  any  exudation ;  and  this  may 
become  a  source  of  correspundiug  perversion  in  the  character  of  the  urinai'j  se- 
cretion.' 

408.  It  must  not  be  supposed,  however,  that  any  of  the  lesions  now  described 
are  invariably  coincident  with  the  presence  of  Albumen  in  the  Urine;  for  it  has 
been  fully  proved,  on  the  one  hand,  that  albumen  may  present  itself  in  this 
excretion,  without  any  alteration  in  (he  structure  of  the  kidney;  and,  on  the 
other,  that  various  forms  of  Brigltt's  disease  may  exist,  even  in  an  advanced 
stage,  without  any  albumen  being  detectable  iu  the  urine.'  These  variations 
may  probably  be  attributed  to  two  classes  of  conditions;  viz.,  the  state  of  the 
albumen  in  the  blood  it»!elf,  and  the  state  of  the  capillary  circulation  in  the  kid- 
ney. We  have  seen  that  the  weak  furm  of  olbumcn  wbich  is  first  taketi  up  by 
absorption  from  the  alimentary  canal,  is  distinguished  by  its  proncncss  to  transu- 
dation (§  183) ;  whilst,  on  the  olht-r  hand,  the  strong  albumen  of  the  egg,  if 
injected  into  the  systemic  blood-current,  finds  its  way  out  again  hy  the  urine,  as 
a  foreign  rabstance  (§  132) ;  an  assimilating  action  being  required,  in  the  case 
of  each,  to  give  it  the  normal  characters  of  blood-albumen.  It  is  probably,  in 
part  at  leattt,  to  the  waut  of  such  perfect  assimilation  of  the  nenly-ahsorbed  albu- 
men, that  we  are  to  attribute  the  increase  of  albumen  in  the  urine  passed  soon 
after  meals,  by  patients  (iufiering  under  Bright's  disea««! ;  something,  however, 
may  be  due  to  the  simple  augraeotutiou  of  the  bulk  of  the  blood,  and  especially 
of  its  solids.  But,  again,  it  has  been  shown  that  any  cau&e  which  produces  con- 
gestion of  the  vessels  of  the  kidney,  favours  the  passage  of  the  normal  albumen 
of  the  blood  into  the  urine  f  and  thus  we  see  how  albuminous  urine  may  bb 

'  In  the  foregoing  acoonnt  of  llie  patholojjknl  cbnngca  io  the  Kidney,  irhich  constittito 
*Brigbl'a  Diieaae,'  tho  ticws  of  Frerictia  {in  his  ndtnirable  treutise  "  Die  Brighl'Mbe  r^ie- 
renkronkheit  and  deren  BehRnd)ung"J  have  been  chiefly  foUoved. 

•See  Dr.  Begbie  in  the  "Brit,  aod  For.  Med.-Chir.  Uev.,"  vol.  xiL  p.  46. 

*  See  BobinBon  ia  "Med.-CIuT'  Triiosact.,"  voL  xxvi  p,  61. 
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produecd  by  the  repuleion  of  blood  from  the  cutaneous  surface  to  the  kidney,  or 
ijby  the  dcferinininji;  iuflucBce  of  cantharidea  or  other  irritant  diuretics,  or  by  any 
obfitructloii  10  the  return  of  blond  from  the  capillary  plexus  by  the  renal  veins. 
Now  it  seems  quite  conceivsible,  that,  in  by  far  the  larger  proportion  of  cases,  the 
pressure  of  an  abnomiot  deposit  should  be  exercised  io  inipedinjr  the  venotn  rather 
thaa  the  arterial  circulation  in  the  kidney;  and  this  would  well  account  for  the 
very  generul  presence  of  albumen  in  the  urine,  in  these  morbid  conditions  of  the 
secreting  organ.  But,  on  the  other  hand,  it  is  no  less  conceivable  that  the  arterial 
current  might  sometimes  be  the  one  chiefly  obstructed,  so  that  there  would  be 
the  very  opposite  to  a  state  of  congestion  in  the  capillaries  and  Malpighian  glo- 
meruli ;  and  it  may  be  in  such  cases  as  these,  that  the  ordinary  syruptom  of 
iBright's  disease  is  wanting. 

400.  The  nature  and  purposes  of  the  Urinary  peeretion,  and  the  alteratiooi 
which  it  is  liablo  to  undergo  in  various  conditions  of  the  system,  are  much  better 
understood  than  are  those  of  the  Bile :  this  is  owing,  in  great  part,  to  the  two 
circuiu stances,  that  it  may  be  readily  collected  in  a  state  of  purity,  and  that  its 
ingredients  are  of  such  a  nature  as  to  be  easily  and  definitely  separated  from 
each  other  by  siciple  chemical  means.  There  can  be  no  doubt  that  the  chi«t_ 
purpose  of  this  excretina,  is  to  remove  from  the  system  the  effete  azoHzed 
ters,  which  the  blood  takes-up  in  the  course  of  its  circulation,  or  which  may 
been  produced  by  changes  occurring  in  itnelf.  This  is  evident  from  the  li 
proportion  of  Nitrogen  in  the  solid  matter  dissolved  in  the  urine  ;  and  from 
I  crystalline  form  presented  by  much  of  this  solid  matter  when  separated, — a  form 
which  indicates  that  its  state  of  combination  is  such,  as  to  prevent  it  from  ooo- 
duciog  to  the  nutrition  of  the  system.  The  injurious  effects  of  the  retention  of 
the  components  of  the  Urinary  secretion  in  the  Blood,  are  fully  demonstrated  by 
the  results  of  its  cessation  ;  whether  this  be  made  to  take  place  experimentally 
(aa  by  tying  the  renal  artery),  or  be  the  consequence  of  a  disordered  condition 
of  the  kidney.  The  symptoms  pf  UrfEmia  (as  this  condition  has  been  appro- 
priately termed)  are  altogether  such  as  indicate  the  action  of  a  specific  poison 
upon  the  Nervous  system;  affecting  either  the  Brain  or  the  Spinal  Cord  se^*a- 
r'Tutely,  or  both  together.  In  the  first  form,  a  state  of  stupor  comes  on  rather 
I  suddenly,  out  of  which  the  patient  is  with  difficulty  aroused;  and  this  gradually 
deepens  into  complete  coma,  with  fixed  pupils  and  stertorous  breathing,  just  as 
in  ordiuary  kinds  of  narcotic  poisoning  In  the  second  form,  convulsions  of  an 
epileptic  character,  frequently  affecting  the  whole  muscular  system,  suddenly 
occur;  but  there  is  no  loss  of  consciousness.  In  the  third  form,  coma  and  con- 
vulsions are  combined. — It  has  been  generally  supposed  that  these  results  are 
attributable  to  the  accumulation  of  vrfa  in  the  blood  ;  but  clinical  observatioo 
affords  sufficient  evidence,  that  there  is  no  constant  relation  between  the  severity 
of  these  symptoms  and  the  aniount  of  urea  in  the  circulating  system;'  and  expe- 
riment has  determined  that  ibo  other  constituent"*  of  the  urine  do  not  exert  any 
more  potent  influence.*  It  seems  probable,  then,  that  some  substance  formed  at 
the  expense  of  the  normal  constitueats  of  urine,  rather  than  either  of  these  sub- 
stances themselves,  is  the  real  poisonous  agent  in  cases  of  Urtemia;  and  very 
cogent  evidence  has  been  adduced  by  Prof.  Frerichs,  in  proof  of  his  idea  thut 
the  symptoms  of  this  disorder  arise  from  the  conversion  of  the  Urea  io  the 
circulating  current  into  Carbonate  of  Ammonia,  by  the  agency  of  a  auitabte 
ferment;  so  that,  however  great  may  be  the  nccumuliition,  it  does  not  give  rise 
to  any  serious  consequences,  unless  this  ferment  be  also  present.     Two  series  at 

'  It  has  been  remarket!  ly  Dright,  Chrlslison,  0.  0.  Rees,  and  Frerichs,  that  area  maj 
often  be  obtained  in  considerable  qua.ntiij'  from  tbe  bload  of  putients  suffering  under 
'  Bright'a  (iiseaee,'  who  vere  at  the  eame  time  free  from  aU  nervoua  symptomB. 

■  Thui  Frerichs  (as  Bictiat,  Courtpn,  and  GaBpnrd  had  before  done)  repeatedly  injected 
from  -0  to  40  grammes  of  filtered  human  urine,  sometimes  even  with  the  addition  of  urftt, 
into  the  veiiDa  of  anituals,  without  an^  ill  effects  reaulling. 
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experiments  are  described  by  him  as  aapportinfj  this  doctrine;  the  tii>t  showing 
ihiit  io  cases  of  unemic  intoxication,  a  resolution  of  urea  into  carbonate  of  am- 
monia is  actually  taking  place,  ammonia  being  found  in  the  eipired  air  when  the 
first  symptoms  make  their  appearance,  and  in  the  blood  and  in  the  contents  of 
the  stomach  after  death;'  and  the  second  proving;  that  the  injection  of  carbonate 
of  ammonia  into  the  circulating  current  indaces  a  train  of  ^jimptoms  essentialtj 
oorrespondiog  with  those  of  uraDmiflj  stupor  and  convulsions  occurrinp  either 
separately  or  conjointly.* — It  pcems  not  improbable  that,  as  in  the  case  of  the 
retentioa  of  Bile  in  the  Blood  {§  401),  many  of  the  minor  a-i  well  as  of  the 
severer  forms  of  sympathetio  disturbance,  connected  with  ditwrdered  secretion 
from  the  kidney,  are  due  to  this  directly-poisonous  operation  of  the  decomposing 
oonstituents  of  the  urine,  upon  the  sevend  organs  whose  function  is  disturbed ; 
and  that  many  complaints,  in  which  no  such  agency  has  been  until  recently  sus- 
pected,— especially  Convulsive  affections,  arising  from  a  disordered  action  of  the 
BerroQS  centres, — arc  thus  due  to  the  insufficient  elimination  of  Urea  from  the 
Blood. 

410.  In  order  to  form  a  correct  opinion  of  the  state  of  the  Urinary  secretion 
in  morbid  conditions  of  the  system,  it  is  desirable  to  be  acquainted  with  every 
leading  particular  regarding  its  normal  character, — Fresh  healthy  Urine  is  a  per- 
feotly-transparent,  amber-ycllow-cotoured  Hquidr  exhaling  a  peculiar  but  not  dis- 
MTieeable  odour,  and  having  a  bitterish  saline  taste.  The  only  morphological 
elements  which  it  normally  contains,  are  pavement  epithelium-cells  and  mucus- 
corpuscles  from  the  lining  of  the  urinary  passages;  which,  however,  are  present 
in  healthy  arine  to  but  a  very  small  amount.  But  in  certain  morbid  states  of 
the  urine,  minute  cjlindricaJ  bodies  are  seen,  in  greater  or  less  abundance,  which 
»Te  obviously  derived  from  the  tubuli  nriniferi ;  these  are  sometimes  composed 
almost  exclusively  of  the  epithelial  lining  of  the  tubes,  of  which  the  cells  remain 
adherent  to  each  other,  nolwitLBtandtug  their  det^ichment  from  the  basement- 
membrane  beneath  ;  whilst  sometimes  they  are  fibrinous  moulds  of  the  interior  of 
the  tubes,  formed  by  exudation  of  plastic  material,  and  containing  blood,  or  pus- 
corpuscles;  and  in  other  instances,  again,  they  eccm  to  consist  of  nothing  else 
than  the  basement-membrane  of  the  tubes  themselves.  The  first  of  these  forma 
oocnrs  chiefly  in  desquamative  irritation  of  the  kidneys;  the  second  as  a  conse- 

'  It  ie  the  conclusion  of  MM.  Bernard  anJ  Barreswil.^from  the  experiments  vhich  they 
bavft  performed  to  dctermiDO,  why,  after  tb«  extirpation  of  the  kidneys,  a  period  of  from 
twentj-fonr  to  fortjr-eight  hoara  alwaja  elapses,  before  the  blood  RhawB  any  deeidad  ttAces 
of  Urea, — that,  under  Buch  circuniatances,  the  urea  ia  eliminated  by  the  secretions  of  the 
ioteetinal  tube,  nnd  chiefly  by  the  gjutric  juice,  ip  the  form  of  an  ammoDiack]  salt;  And 
thtt  oo  urea  can  he  detected  lo  the  btood,  until,  hj  a  progrcssiTe  diminution  of  the  viiul 
powers,  the  intestinal  fluids  become  more  and  more  diminished  in  quantity,  and  the  metas- 
tatic channels  for  the  elimination  of  area  are  closed.  Retentioa  of  urea  in  the  blood,  as 
they  argue,  is  thos  a  result,  not  directly  of  the  suppression  of  nrine,  but  rather  of  the 
loss  of  vigour  which  fallows  iL  ("  Archiv.  Gen^r.  do  M^decine,"  4icme  S6r.,  torn,  xiii., 
p.  449).— <)n  the  mttmtatu  of  the  Urinary  excretion,  see  |  387. 

*  On  this  fohject,  see  the  Chapter  on  '  Urtpmta'  in  the  Treatise  of  Prericha  just  cited. 
His  conclumons,  however,  though  quite  in  harmony  with  tlie  obeicTvations  of  Lebmann 
(••  Physiological  Chemistry,"  traniilated  by  Dr.  Day,  vol.  li.,  p.  '2M),  have  been  dif  puted 
by  other  pathologists:  as  by  Zimmermann,  "  Deutsche  Klink,"  No.  37,  and  "Brit,  and 
For.  Med.-Chir.  Rer.,"  vol.  xi.,  p.  200;  and  by  Schottin,  "Vierordt's  Archiv.,"  1868, 
heft  i.,  p.  170,  and  "Brit,  and  For.  Med.-Chir.  Rov.,"  vol.  lil..  p.  208,  The  latter  of 
these  critics  af&rme,  that  the  cause  of  the  eymptoma  of  ureemio  poisoning,  in  o»8^>a  of 
advanced  'Bright'a  disease.*  "  mast  be  looked-for  in  an  impediment  of  the  roctHmorpboeis 
of  the  tissues,  in  a  destruction  of  the  process  of  endoamoge  and  exosmose  between  blood 
and  titsaea,  and  perhaps  in  n  generally- diminiehed  oxidation-power  in  the  blood." — It  is 
difScult,  however,  to  believe  that  the  narcotic  symptoms  following  upon  sudden  and  com. 
plete  ffuppreseioQ  of  the  urinary  excretion,  with  accumulation  of  urea  in  the  blood  (aa 
shown  by  analysis),  and  abating  with  the  elimination  of  the  urea  by  the  re-establinhincnt 
of  tb«  lecretion  (as  happened  in  the  interesting  case  recorded  by  Dr.  Shearman  in  thei 
'*Bdinb.  Monthly  Journal,"  March,  1848),  can  be  due  to  anythiog  else  ttiau  the  direct 
tozio  iofloence  of  the  urea,  or  of  some  product  of  its  met&morphoals. 
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3ueDoe  of  acute  inflammation,  and  the  last  in  the  advanced  stages  of  '  Bright's 
iaease/ — la  alt  natural  conditions  of  the  Haman  syatem  (even  when  a  vegelabia 
diet  is  used),  the  urine  possesaos  a  well-marked  acid  reaction.  When  it  is  left 
to  itself  for  some  time,  slight  nebulae,  confsiating  of  mucus,  are  formed  in  it ;  aod 
these  gradually  descend  to  the  bottom.  Soon  afterwards,  an  unpleasant  odour  il 
developed;  instead  of  an  acid,  an  alkaline  reaction  is  prcseuted,  in  consequeoM 
of  the  deconipositioa  of  the  urea  into  carbonate  of  ammonia;  and  a  precipitation 
of  earthy  phosphates  then  takes  place.  A  turbidity  may  be  produced,  howevtr, 
by  the  precipitation  of  urates  of  soda  and  ammonia,  on  the  simple  cooling  of  the 
urine,  without  any  euch  departure  from  its  normal  composition  as  would  properly 
con.«ititute  disease,  but  under  some  of  the  conditions  hore^ifter  to  be  sjr«€cified 
(^§  412).  But  if  the  urine  be  turbid,  when  it  ia  first  passed  from  the  body,  and 
has  a  temperature  of  98'*  or  100*',  it  must  be  considered  as  abnormal. — The  ave- 
rage Qua7it{fy  of  unne  passed  during  the  24  hours,  has  been  variously  estimated: 
it  differs,  of  course,  with  the  amount  of  fluid  ingested,  and  it  is  influenced  also 
by  the  external  temperature ;  a  much  smaller  amount  of  the  superfluous  fluid  of 
the  body  heiug  set-free  from  the  skin  in  winter  than  in  summer,  and  a  larger 
proportion  bciog  carried-off  by  the  kidneys.  Probably  we  shall  be  pretty  near 
the  truth,  in  eatimatitig  the  amount  (with  Dr.  Prout)  at  from  about  30  ot.  in 
summer,  to  40  uz.  in  winter,  for  a  person  who  does  not  drink  more  than  the 
simple  wants  of  nature  require. — The  Sp'^rt/ic  Gravitt/  comes  to  be  a  very  im- 
portant character,  in  various  morbid  conditions  of  the  urine;  and  it  is  therefore 
desirable  to  estimate  it  correctly.  This  also  is  of  course  subject  to  the  like 
causes  of  variation ;  since,  when  the  same  amount  of  solid  matter  is  diss^olved  in 
a  larger  or  smaller  quantity  of  water,  the  specific  gravity  will  be  proportionally 
lower  or  higher;  or,  the  quantity  of  water  remaining  the  same,  an  increase  Of 
diminuttoD  in  the  amount  of  solid  matter  will  raise  or  lower  the  specific  gravity. 
It  has  been  commonly  supposed  that  the  amount  of  solid  matters  in  the  arioe 
bears  such  a  constant  ratio  to  its  specific  gravity,  that  the  former  may  be  approii- 
inativcly  deduced  from  the  latter;  this,  however,  has  been  clearly  shown  to  be 
by  no  raoiina  the  cage.'  Still,  the  determination  of  the  specific  gravity  is  of 
sufficient  importance  for  diagnostic  purposes,  to  make  it  desirable  to  possess  an 
average  standard,  as  nearly  approaching  to  accuracy  as  circumstances  will  permit 
The  average,  according  to  Dr.  Prout,  in  a  healthy  person,  taking  the  whole  j-ear 
round,  is  about  1020;  the  standard  rising  in  summer  (on  account  of  the  greater 
discharge  of  fluid  by  perspiration)  to  1025  ;  and  being  lowered  in  winter  to  1015. 
8imou,  however,  states  the  average  specific  gravity  at  do  more  than  I0I2.  It 
will  mainly  depend^  in  each  individual  case,  upon  the  amount  of  uzotized  solids 
and  of  aqueous  fluids  habitually  ingested,  allowing  for  the  portion  of  the  latter 
that  is  dissipated  by  cutaneous  exhalation;  and  it  will  also  vary  with  the  period 
that  has  elapi^ed  since  the  last  ititroduction  of  liquid  into  the  stomach.  From 
these  and  other  causes^  the  amount  of  solid  matter  in  1000  parts  of  Urine  may 
vary  from  20  to  70  parts ;  and  hence  the  various  recorded  analyses  of  this  liquid 
present  very  wide  diversities  in  the  proportions  of  its  solid  oonstituents.'  These 
discrepancies,  however,  being  chiefly  due  to  the  fluctuating  amount  of  water,  be- 
come very  much  leas  (as  Simon  poiuted  out)  when  we  calculate  the  proportion 
which  each  principal  component  bears  to  100  of  solid  residue;  as  is  shown  in  the 
following  Table : — 

■  Se«  "  Lebmann's  Physiological  Chembtry,"  (CaTeDdisli  Society),  toL  IL  p.  436. 

•  It  tA  remarked  by  Lehinano  (Op.  cit.,  p.  447),  that  the  urine  of  the  French  is  poorest 
in  Hotid  conatituents,  ea^ieriully  in  ure>a  and  uric  acid,  and  that  of  tbe  English  the  richest, 
that  of  the  Germans  being  intermediate  between  tbe  two;  the  ratio  in  each  naticr  being 
in  oonforuity  with  tbe  proportion  of  animal  food  eatering  into  ita  ordinary  dicL 
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B4>ri«1luiu  Lehmuin.  Slmnn.         MwebiiDd. 

Creft 45-10  49C8  8.180  48  91 

Uric  »dd 1-50  1-61  1-40  1-69 

'^\rcMo"n'sodr.'.*:"!":{  »»«>     =»•»»     ^■«>     »»•« 

Alka1in«  Sulphates 10-30  1168  114  10  18 

Alkklioe  Phosphates. 6-88  6-96  6-60  4-57 

rboephatea  ofLime  twd  M&goeeis....     1-50  1-97  ICQ  181 

We  shall  presently  find  the  causes  of  some  of  the  variations  even  here  shown,  to 
lie  in  the  nattire  of  the  ingcsta,  and  in  the  atDonnt  of  exercise  taken  hj  the  indi- 
vidual. 

411.  The  most  important  of  those  organic  constituents  of  the  Urine,  whose 
presence  inaj  be  directly  traced  to  the  nictaniorplioMS  of  the  azoiised  components 
of  the  tissues  and  of  the  hlood  (§  348),  is  evidently  that  which,  fi-om  its  being 
the  principal  source  of  the  characteristic  properties  of  the  secretion,  is  tertncd 
Una.  This  substance,  as  already  mentioned  (§17*2),  exists  preformed  io  the 
Blood,  though  ordinarily  in  very  small  amount ;  being  generated  by  the  retro- 
grade metamorphosis  of  the  azntized  tissues,  especially  the  Muscular  (and  in  this 
probably  through  the  intermediation  of  creatine  or  of  uric  acid),  and  also  by  simi- 
lar changes  in  the  unasgimilatcd  portions  of  the  Blr^od  itself. — The  amount  of 
Urea  excreted  in  the  24  hours  has  been  made  the  subject  of  examination  by  nu- 
meroiu  Chemists :  the  following  are  the  results  deduced  by  M.  Lecaou'  from  a 
seriee  of  120  analyses : — 

Mluiranin.  Mokn.  Maximum. 

By  Men.... 857-61  gra.  433-18  gra.  61086gr8. 

By  Women 153  25    „  29615    „  437  06    „ 

By  Old  Men  (84  to  80  years)....     0108    „  126-22    „  295-15    „ 

By  Children  of  eight  yeara 161-78    „  207-99    „  264-20    „ 

By  children  of  four  years 57-28    „  69-66    „  81-83    „' 

The  averages  obtained  by  Soberer,  Btschof,  and  o*her  sub.oerjuent  experimenters, 
are  very  closely  conformable  to  these  (allowance  being  made  for  the  diiference  of 
habitnu  diet  already  referred-Jo,  §  410  note);  and  their  obscrvotions  all  agree, 
niorcover,  in  asfiigning  alike  high  proportion  to  the  excretion  of  urea  in  chitdren, 
as  compared  with  the  weight  of  their  bodies.  Thus  Schcrer*  states  that  whilst 
an  adult^  for  every  1  lb.  weight  (avord.)  of  his  botly,  daily  excretes  2-94  grains 
of  urea,  a  child  excretes  5-G7  grains  of  urea  for  every  1  lb.  weight  of  bis  body. 
This  excessive  proportion  of  urea  in  young  subjects  may  be  considered  as  depend- 
ent on  the  rapidity  of  interstitial  change  in  their  tissues ;  white  the  reven>e  of 
both  is  true  of  aged  subjects,  (See  cn.^P.  xvni.)  The  irjuantity  of  Urea 
secreted  at  any  given  period  of  life,  seems  to  depend  mainly  on  two  conditions; 
namely,  the  degree  of  muscular  exertion  previously  put-furth,  and  the  amount  of 
azotized  matter  ingested  as  food.  Thus  Prof.  Lebmann  ascertained  that,  by  the 
Eubstitution  of  violent  for  mmlerate  eicrci.se,  the  quantity  of  Urea  was  raised 
from  32i  to  45i  parts;  and  Simon  found  that,  by  two  hours'  violent  exercise,  the 
proportion  of  the  urea  in  the  urine  passed  half  an  hour  subsequently,  was  double 
that  contained  in  the  moraing-urine.  Again,  Prof.  Lebmann  has  showu  (§417) 
that  the  amount  of  Urea  excreted  daily,  when  no  azotizicd  matter  was  (aken-in  as 
food,  and  when  the  excretion  was  simply  a  measure  of  the  *  waste'  of  the  tissues, 
was  not  above  half  that  excreted  when  an  ordinary  mixed  diet  was  employed,  and 
only  about  tvo-nventhi  of  that  which  was  passed  when  the  diet  was  purely  ani- 
mal. The  recent  experiments  of  Prof.  Bi.schof  are  to  the  same  effect;  for  bu 
found  that  a  large  dog  secreted,  with  mixed  food,  from  230  to  300  grains  of  urea 
daily;  with  flesh  diet,  802  grains;  and  when  fed  on  iutestiucB  and  gelatine,  no 
lesslhao  1110  grains  daily.  This  last  statement  confirms  the  inference  to  which 
the  injection  of  a  solution  of  Gelatio  directly  into  the  blood  appears  to  lead  (§  51); 

*  "  Joamal  de  Phnrmacie,"  torn.  xxt. 

*  «•  Yerbauctl.  d.  phys-med.  Oes.  lu  Wonhurg,"  band  ii.  pp.  280-^90. 
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nitrody,  that  urea  ina^  be  formed  directly  from  tlie  metamorphoBls  of  this  sab* 
titauoe,  and  probably,  therefore,  from   the  diaiutopratioo  of  the    gefatinooa  tti 
well  as  of  the  albuminous  tissues. — ^I'fae  observations  of  Bidder  and  Schmidt  apoa] 
the  quantity  of  urea  excreted  by  a  cat  fed  exclusively  upon  fat  naeat  io  varrinni 
propuriions,  hd  them  to  conclude  that  thia  animal  separ-jitcs  by  the  kidneys  6J^ 
part*  of  urea  for  every  100  parts  of  flesh  which  itconstinaes;  this  amount  of  urci 
coutaining  about  eix-sovotitbs  of  the  nitrogen  cootained  in  the  f(X)d.     The  meU-' 
morphosis  of  tissue  would  seem  to  proceed  in  Carnivorous  animals  at  a  far  inoi#| 
rapid  rate  than  ia  Man  j  for  this  cat  excreted  on  an  average  as  much  as  14-77 
grains  of  urea  for  every  1  lb.  (avord.)  weight  of  its  body,  even  when  inanitiated^ 
whilst,  if  highly  fed  with  ilc-sli,  it  excreted  no  less  than  53-62  grains  daily,  fa 
every  1  lb.  weight  of  its  body. — Ttoe  foregoing  facts  seem  to  aflbrd  full  confimji 
tioD  to  the  dtx-trino  already  stated  (§  381),  and  advanced  by  the  Antbor  man] 
years  ago/  that  the  atuount  of  urea  in  the  urine  can  only  be  rcfarded  aa  a  me~ 
sure  of  the  metamarpho.sta  of  tissue,   when  no  more   food  is  ingested  than 
required  to  couipeiteate  for  that  metaEuorphosis ;  any  histogenetio  matter  wbic 
escapes  assimilation  through  not  being  required  in  the  system,  being  Donuall] 
decomposed,  and  its  azotized  portiou  climioated  through  this  channel.' — T 
amount  of  urea  excreted  daily,  is  usually  (though  not  constantly)  increu«d 
febrile  diseases;  and  when  it  is  borne  in  mind  that  comparatively  little  food 
taken  under  such  circumstances,  the  iuerease  must  be  wholly  eet^own  to 
account  of  the  more  rapid  wustiug  of  the  tissues.     lu  fact,  an  absence  of  inci 
or  even  a  certain  amount  of  diminution,  when  the  supply  of  food  has  almost  en- 
tirely ceased,  would  still  indicate  an  excess  of  '  waste.'     Some  valuable  obflerra- 
tiona  on  this  point  have  been  recently  made  by  Dr.  A.  Vogel;'  who  has  found 
that  in  a  case  of  typhoid  fever,  no  less  than  1065i  grains  of  urea  were  excret«dj 
daily  (or  nearly  double  the  usual  averuge  for  Germany,  which  is  stated  by  Protf 
Bischof  at  540i  grains),  and  in  a  case  of  pyaemia,  the  extraordinary  rjoaDtity 
12351  grains.     When  the  fever  is  over,  the  quantity  of  urta  falls  below  the  nor 
mal  amount,  in  spite  of  the  augmented  quantity  of  nitrogt-Dous  food  ingest 
which  ia  doubtless  appropriated  to  the  repair  of  the  wasted  tissues;  and  it  thel 
after  perfect  recovery,  returns  to  the  physiological  standard. 

412.  Next  in  importance  to  Urea,  among  the  organic  productB  of  the  meta- 
morphosis of  the  azotized  constituents  of  the  tissues  or  of  the  blood,  but  ordina- 
rily bearing  a  very  small  proportion  to  it  io  quantity,  is  Un'c  acid.     The  format 
tioD  of  this  substance  is  probably  anterior  to  that  of  urea;  and  we  shall  see  tha 
iis  proportioa  in  the  urine  ia  augmented  under  the  same  conditions  as  regsid 
food  (§  417).     On   the  other  hand,  there  is  reason  to  think  that  exercw-, 
augmenting  the  respiration,  tends  to  diminish  the  proportion  of  uric  acid  in  thi 
urine,  by  converting  it  into  urea,  whilst  yet  in  the  circulating  current;  for  th&l 
conversion  may  be  effected  by  boiling  it  with  peroxide  of  lead,  which,  by  yield^ 
ing  oxygen,  causes  the  resolution  of  uric  into  urea  and  oxalic  acid,  the  lattei 
being  converted  by  a  further  process  of  oxidation  into  carbonic  acid.     The  cil 
cumstances  that  most  favour  the  (/rnrsis  of  uric  acid  in  the  system,  therefore,  and 
the  increase  of  iis  prtyportion  in  the  urine  if  there  be  no  obstacle  to  its  eliminatioi 
are  a  highly-azotizcd  diet  and  inactive  habits;  whilst  the  reduction  of  the  azotii 
portion  of  the  diet  to  what  is  really  wanted  for  the  nutrition  of  the  system,  and 
the  promotion  of  the  respiration  by  active  exercijse,  tend  to  reduce  the  proportion 
of  this  component.     The  prenpifation  of  uric  acid  (usually  in  combination  witb^H 
soda  or  ammonia,  or  both),  which  fircqucntly  takes-place  on  the  cooling  of  tb^^f 
urine,  must  not  be  regarded  as  indicative  of  the   presence  of  an  unusual  amoun^^^ 

'  "Brit,  and  For.  >lcd.  Rct,"  toI.  it.  p.  603. 

'  Beea  valuable  article  on  *'Tbe  Metamorplinsiii  of  Tisaue,"  giving  an  account  of  tit* 
reseorohcB  of  Bidder  nnd  Schmidt,  Bist^hof,  and  others,  in  relfttion  to  the  gtnuit  of  tha 
Mlida  of  the  Urine,  in  ••  Brit,  and  For,  Med.-Chir.  Rev.,'*  vol.  xiii.  p.  884. 

'  •'  ZeiUcbrift  ftir  lUlioB.  Med,"  baud  Iv.  Left  3. 


THE    KIDNEYS. — SECRETION    OF    UBINE. 


893 


ef  this  substtmce;  since  it  maj  depend  upon  other  conditions.  It  Beems  to  have 
l)een  clearly  pmved  by  Dr,  Bence  Jones,'  that  there  is  no  relation  whatever 
between  the  acidity  of  the  urine,  and  the  absolute  ammmt  of  TTric  acid  which  it 
may  contain  ;  for  in  the  urine  which  is  most  acid,  and  which  deposits  the  lur^cst 
uric~acid  sediment,  very  little  uric  acid  may  really  exist ;  whilst  that  which  con' 
tains  most  uric  acid  may  hold  it  in  perfect  solution,  and  may  have  but  a  feeble 
acid  reaction.  The  main  cause  of  the  deposit  of  Uric-acid  Bcdiinents,  is  doubtless 
the  presence  of  some  other  acid;  for  the  addition  of  any  acid  to  healthy  urine 
passed  booq  after  food,  is  always  sufficient  to  produce  it.  But  the  deposit  takes 
place  less  readily  if  the  temperature  of  the  daid  be  high,  since  the  solvent  power 
of  the  acid  phosphate  of  soda  is  then  more  strongly  eiertcd ;  so,  on  the  other 
haod>  a  deposit  often  takes  place  in  urine  which  would  not  otherwiBc  exhibit  it, 
through  an  unusual  reduction  in  its  tempcmturc,  as  by  exposure  to  the  cold  nir 
of  a  slecpingf-room  in  the  winter.  Again,  the  deposit  of  uric-acid  sediment  is 
favoured  by  ooncentration  of  the  liquid,  which  thus  augments  the  proportion  of 
the  urate  to  the  water,  and  at  the  same  time  intensifies  the  acid  reaction  ;  and 
thus  urine  whose  constituents  are  otherwise  normal,  may  throw  down  a  copious 
deposit  of  this  kind,  merely  from  deficiency  of  water;  whilst  an  unusual  amount 
of  uric  acid  may  be  readily  present  without  being  depnsited, — the  urine,  too^ 
exhibiting  its  ordinary  acidity, — if  the  proportion  of  water  be  large.  Thus  the 
uric-acid  sediment  may  be  regarded  as  dependent  upon  three  concurrent  condi- 
tions;— (1)  Decrease  of  temperature  ;  (2)  Incrensed  proportion  of  uric-acid  com- 
|>ound  to  the  water,  positively  or  relatively,  (3)  Increased  acidity  of  the  urine. 
Sometimes  one  condition  is  most  influential,  sometimes  another;  but  they  are  all 
osoally  concerned  in  some  degree. — There  are  nmny  diseaises,  especially  those  of 
a  febrile  nature,  in  which  the  presence  of  an  excess  of  uric  acid  is  a  very  marked 
symptom ;  there  is  often,  at  the  same  time,  a  reduction  in  the  proportion  of 
urea ;  and  thus  it  would  s>eem  that,  with  perhaps  an  augmented  tendency  to  dis- 
integration of  the  tissues,  there  is  an  incapacity  for  the  performance  of  fhat  higher 
process  of  oxidation,  which  is  requisite  for  the  genesis  of  urea ;  so  that  a  larger 
proportion  of  the  products  of  the  waste  paeses-off  in  the  state  of  uric-acid,  as  in 
animals  whose  respiration  is  feeble. — This  view  derives  support  from  the  fact, 
that  JJippuric  acid,  which  is  to  be  found  only  in  extremely  minute  proportion 
in  healthy  Human  nrine,  and  the  large  propnrtjon  of  carbon  in  which  indicates 
that  it  is  to  be  regarded  as  a  result  of  very  imperfect  oxidation,  undergoes  a 
marked  increase  under  the  same  oircumstances  ;  and  especially  when  obstructed 
action  exists  in  either  of  the  other  great  emunctories,  so  that  a  larger  amount 
of  carbonaceous  matter  is  thrown  upon  the  kidneys  for  elimination ;  for  in  this 
case,  also,  there  is  a  deficiency  in  the  normal  amount  of  Urea. — Hence,  wherever 
dvere  is  an  actual  excess  of  Uric  acid  in  the  system,  constituting  the  true  'urio 
acid  diathesis,'  diet,  exerci$e,  and  the  promotion  of  the  other  excretion*,  afford  the 
most  eficctuul  means  of  controlling  it. 

413.  Although  the  presence  of  Creatine  and  Creatinine  in  the  Urine,  the 
former  in  very  small  proportion,  but  the  latter  in  considerably  larger  amount,  is 
now  a  well-established  fact,  the  actual  quantities  ordinarily  excreted,  and  the 
circumstances  which  favour  their  increase  and  diminution,  have  not  yet  been 
determined.  From  the  ready  convertibility  of  Creatine  into  Creatinine  and  Urea, 
and  from  the  fact  that  in  the  'juice  of  flesh'  there  is  far  more  of  Creatine  (ban 
of  Creatinine,  whilst  in  the  Urine  the  proportions  are  reversed,  it  seems  likely 
that  Creatine  is  one  of  the  first  products  of  the  disintegration  of  muscular  tissue, 
and  that  a  portion  of  the  urea  eliminated  in  the  urine,  as  well  as  the  greater  part 
(if  not  the  whole)  of  the  creatinine,  Lh  generated  at  its  expense.^ — The  presence 
of  Lactic  acid  in  the  Urine,  alihough  by  no  means  infrequent,  must  be  regarded 
as  exceptional.    A  constant  genesis  of  this  substance  is  taking  place  in  the  body, 

'  8e«  his  *  ContribntioDS  to  the  Chemistry  of  the  Urine,'  ia  *■  Philoa.  Trans.,"  184A 
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not  merely  as  a  proiJuot  of  the  metainorpbosis  of  the  saccharine  matters  employed 
as  food,  but  also  as  one  of  the  results  of  the  disinte^mtioii  of  the  azotized  tusoes; 
but  the  respiratory  process  affords  the  ordtDary  channel  for  its  removal ;  so  that 
it  18  only  when  its  production  ia  eiwssive,  or  when  there  is  some  obstrnction  to 
rta  elimination  by  the  luup*,  that  it  makes  its  appearance  in  the  urioe.  The?e  con- 
ditions  are  so  often  present  in  disease,  that  Lautic  acid  is  far  more  commonly  present 
in  abnormal  than  in  normal  states  of  the  secretion. — The  Ertracdve  MaHen  of 
the  Urine  arc  made-up  of  a  variety  of  different  compounds,  our  knowledge  of 
which  is  gradually  being  extended.  Among  the  substances  which  rank  under 
this  head  in  the  ordinary  analyses  of  Urine,  are  creatine,  creatinine,  and  hippuric 
acid ;  and  others  are  bcinjj;  successively  determined.  Thus  Stadeler  has  shown 
that  the  '  extractive'  of  the  Urine  of  the  Cow  contains  a  peculiar  azotiEcd  com- 
pound, and  several  volatile  non-axotized  acids,  analogous  to,  and  in  one  instance 
absolutely  identical  with,  the  products  of  the  imperfect  oxidation  of  wood  or  coal.' 
And  Prof.  Ronalds  basshown,  that  the  *  extractive '  of  Human  urine  ordinarily  con- 
tains a  sulphurized  and  a  pbopphorized  compound,  which  serve  for  the  excretion  of 
sulphur  and  phosphorus  in  an  unoiidized  state.*  The  Urine-Pirjimmt,  sgriin,  has 
been  to  a  certain  extent  separated  as  a  definite  compound  from  the  *  extractive,' 
especially  by  the  reseanehes  of  Heller,'  and  although  there  is  still  much  uncertainty 
as  to  its  precise  character  (whether,  for  example,  it  is  composed  of  two  or  more 
distinct  substances),  there  is  no  doubt  as  to  the  very  large  proportion  of  carbon  it 
contAina;  this  element  constituting  as  much  as  58|  per  cent,  of  the  ordinary 
pigment,  0*i  J  per  cent,  of  the  substance  termed  purpurinc,  which  is  generated  by 
the  action  of  hydrochloric  acid  on  urine-pigment,  and  even  65|  per  cent,  of  the 
colouring  matter  of  the  urine  of  putients  suffering  under  febrile  disorders  or 
organic  disease  of  the  liver,  in  wbieh  bile-pigment  often  passes  into  the  urine.* — 
On  the  whole,  we  may  say  that  with  the  exception  of  Creatine  and  Creatinine; 
all  the  known  constituents  of  the  '  Urinary  extractive '  are  eub.*it4iuces  which  are 
rich  in  carbon  and  comparatively  poor  in  nitrogen  j  so  that  their  increase  will  be 
favoured  by  an  excess  of  carbonaceous  food,  an  imperfect  action  of  the  liver,  and 
a  low  degree  of  respiration ;  whilst,  on  the  other  hand,  a  highly-azotized  diet, 
esp<'eially  if  combined  with  active  exercise,  will  tend  to  their  reduction. 

414.  Besides  its  organic  materials,  the  Urine  contains  a  considerable  amount 
of  Saline  matter;  the  excretion  of  whieh^  in  a  state  of  solution,  appears  to  be 
one  of  the  prim-ipal  offices  of  the  Kidney.  Various  saline  compounds  are  being 
continually  introduced  with  the  food  j  and  others  are  formed  within  the  syatem, 
by  the  oxidation  of  the  Sulphur  and  Phosphorus  of  the  tissues  or  of  the  food, 
and  by  the  combination  of  the  sulphurio  and  phnspborie  acids  thus  formed,  with 
alkaline  and  earthy  bases  which  the  food  may  contain,  usually  in  a  state  of  com- 
bination with  weaker  acids  which  are  otherwise  diaposed-of  Thus  the  Saline 
eompounds  found  in  the  urine,  are  to  be  regarded  as  partly  proceeding  from  the 
retrograde  metamorphosis  of  the  materials  of  the  tissues,  after  these  have  eerved 
their  purpose  in  the  economy,  and  partly  from  that  of  such  components  of  the 
food,  as,  being  auperfiuous,  do  not  undergo  organization.  But  the  Kidney  also 
series  aa  the  channel  for  the  cliunnation  of  sitliuo  compounds  introduced  into 
the  system  per  se ;  these  being  sometimes  normally  present  in  the  body,  but  in- 
gested in  too  large  an  amount,  as  ia  often  the  cuso  with  common  Salt;  whilst,  on 
the  other  band,  they  may  be  altogether  foreign  to  the  composition  alike  of  ita 
Bolids  and  of  its  fluids. — The  Alkaline  Sulphate*  usually  constitute,  as  we  have 
Been  (§  410),  about  10  per  cent  of  the  whole  solid  matter  of  the  Urine.  Being 
always  in  solutiooj,  however,  they  never  make  their  presence  known  by  the  for- 

'  See  Dr.  Gregory'*  •*  Handbook  of  OrpiDic  Chemistry,"  p.  450. 

■  See  "  PhiloBophical  Transactions,"  1W6,  pp.  4l]l-4M. 

*  "Arch.  fUr  Cheuiie  unci  Mikrosk.,"  band  ii.  pp.  161,  173. 

*  See  Dr.  Golding  Bird's  'iiCcturM  on  Therapeutics,'  in  "Med.  Gai.,"  1848,  voL  iliL 
p  229. 
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matioQ  of  Bodimeots,  and  are  only  to  be  detected  by  cliemicjil  tests.     The  cnnees 
which  influence  their  amount  have  been  carefully  studied  by  Dr.  Bcnce  Jones; 
■who  has  shown  that  they  vary  (like  urea)  with  the  amount  of  fcmd  ingested,  and 
with  ih«  degree  of  ncrro-niuscular  activity  put-forth ;  as  miirht  be  anticipated 
from  the  fact,  that,  under  ordinary  eircumstances,  the  sulphuric  acid  is  entirely 
formed  within  the  system,  by  the  ositlation  of  the  fiulphur  of  the  protein-coin« 
pounds,  the  bases  being  furnished  by  the  alkaline  carbonates  or  phosphates  of  the 
olood.     When  sulphuric  acid  or  soluble  sulphates  are  taken  into  the  system,  pvr 
K,  they  partly  find  their  way  out  of  it  by  the  Kidneys;  the  proportion  of  sul- 
phuric acid  in  tlie  urine  being  for  a  time  augmented,  although  the  increase  is 
not  considerable  until  some  hours  have  elapsed  after  the  introduction  of  these 
fiubstancea  into  the  stomach.' — The  amount  of  Alkaline  Phfutphates  in  the  Urine 
is  usually  about  half  that  of  the  alkaline  sulphates.    The  acid  of  these  also  is  ordi- 
narily generated  within  the  systent,  by  the  oxidation  of  the  phosphorus  oricinally 
introdnoed  in  the  protein-compounds ;  and  thus,  as  in  the  case  of  the  sulphates, 
the  quantity  of  them  which  is  excreted  by  tbo  urine  bears  a  certain  relation  to 
the  amount  of  these  compounds  ingested  as  food,  and  also  to  the  amount  of  mus- 
cular tissue  which  has  undergone  disintegration  by  exercise.     But  it  further 
appears  thai  there  is  a  special  relation  between  the  quantity  of  the  alkaline  phos- 
phates in  the  urine,  and  the  amount  of  disintegration  of  the  nervous  tissue;  as 
xnight  have  been  suspected  from  the  fact,  that  this  tissue  is  distintruished  by  the 
very  large  proportion  of  phosphorus,  united  with  fatty  acids,  which  tt  contains. 
And  a  marked  increase  of  these  salts  is  observed  in  those  inflammatory  diseases 
of  the  brain,  in  which  there  is  reason  to  believo  that  an  unu.sualiy-ropid  disinte- 
gration of  its  texture  is  taking  place.* — The  Earthif  Phosphates  usually  bear  but 
a  email  proportion  to  the  Alkaline;  but  their  presence  in  the  urine  comes  to  be 
of  great  importance,  with  reference  to  the  precipitates  which  they  form  in  par- 
ticular conditions  of  that  secretion.     From  the  researches  of  Dr.  Bence  Jones 
(loc.  cit.)  it  appears,  that  the  quantity  of  these  phosphates  in  the  urine  chiefly 
Tariea  with  the  amount  of  them  contained  in  the  food,  into  many  articles  of 
which  they  enter  largely;  but  he  lias  also  ascertained  that  their  formation  within 
the  system  is  determined  by  the  presence  of  their  bases;  for  if  any  earthy  ealt| 
a  little  chloride  of  calcium  or  sulphate  of  magDesia  for  instaDcc,  be  tukeu  into 
the  system,  the  quantity  of  earthy  phosphates  in  the  urine  undergoes  an  increasOi 
The  small  quantity  u(  carbonate  of  lime  token  into  the  system  with  the  food,  or 
set-free  by  the  slow  disintegration  of  the  osseous  tissue,  is  probably  excreted  in 
Man  almost  entirely  in  tbo  form  of  phosphate;  although  of  the  much  larger 
amount  ingested  by  herbivorous  animals,  a  considerable  proportion  is  excreted  in 
the  urine  in  its  original  state.     The  Eurtby  Phofphaten,  although  insoluble  io 
water,  are  soluble  in  all  acid  liquids;  and  they  are  held  in  solution  in  Urine, 
like  the  unites,  by  the  acid  phosphate  of  soda.     Their  precipitation  in  an  alka- 
line state  of  the  urine  is  uwing  to  the  want  of  this  solvent,  not  to  an  excess  in 
their  production;  for,  as  Dr.  Bence  JoneH  has  pointed-out,  that  excess  of  alkaline 
and  earthy  phosphates  in  the  urine  which  constitutes  the  true  '  phosphatic  dia- 
thesis/ is  generally  coincident  with  a  highly-acid  state  of  the  urine. — The  only 
other  inorganic  saline  constituent  of  the  Urine,  whose  quantity  gives  it  import- 
ance, is  Ckiorult  of  Sddiuin.     By  far  the  larger  proportion  of  this  is  doubtless 
derived  directly  from  the  food ;  but  little  being  furnished  by  the  disintegration 
of  muscle,  which  will  set-free  potash  rather  than  soda.     The  amount  eliminated 

*  Dr.  Bencc  Jodob  in  '^Pbilosopbical  TratisactioDs/'  1B49. 

'See  Dr.  Bence  Jones's  Taluable  Beries  of  Papers  in  the  "  PhiloBophicul  TransActiona" 
for  1945,  1B47,  and  1850,  and  in  the  "  Medico-CbirurgJcal  TmnsactiooA  "  for  1847  nnd 
1850. — It  is  curiooB  to  observe,  thbt  whilst  the  increase  in  the  alkaline  pbngpbatei  in  In- 
flammatory affeotioDB  of  the  nervouB  centres  is  ver}'  marked,  there  appears  to  be  a  |iositive 
dimination  of  them  in  Delirium  Treroenfl.  A  certain  allowance  must  be  made,  howerer, 
for  the  abstiaeoce  from  food,  vhich  vill  of  itself  oocaaion  a  redactioa  in  the  qoaatity 
excreted. 
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by  the  urine  is  consequently  subject  to  preat  variation,  it  beinpr  the  fiinction  nf 
the  Kidnej's  to  remove  whatever  is  sapcrfluous,  m  aa  to  prevent  the  blood  from 
becoming  overcharged  with  this  substance.  Of  the  chloride  of  sodium  intro- 
duccd  as  food,  a  part  appears  to  undergo  decomposition  in  the  system,  whereby 
hydrochloric  acid  is  furnished  to  the  pastric  fluid,  and  si>da  to  the  bile ;  much  of 
this  acid,  however,  must  reunite  with  its  base  in  the  alimentary  canal,  i^o  that  the 
chloride  of  sodium  thus  regenerated  will  bo  absorbed  with  the  product*  of  the 
digestive  operatiou. — Altbour!:h  Mtric  Acid  can  scarcely  be  regarded  as  a  normal 
constituent  of  the  Urine,  yet  the  investigations  of  Dr.  Bence  Jones'  appear  to 
shuw  that  it  is  formed  by  a  combustive  process  within  the  body,  whenever  ammo- 
niacal  salts  are  introduced  into  the  system ;  its  amount,  however,  being;  very 
small.  lie  has  also  found  that  it  is  generated  after  the  ingestion  of  small  qoan* 
tities  of  urea ;  a  fact  which  afibrds  some  confirmation  to  the  doctrine  of  Frerichs 
(§  409),  that  urea  may  undergo  decomposition  into  carbonate  of  ammonia,  whilst 
still  circulating  in  the  current  of  blood.  —  The  presence  of  Oxalic  Acid  in  the 
urine  (in  comblaation  with  Limt;)  has  been  usually  regarded  as  a  patholop^ioal 
phenomenon,  consequent  upon  an  irregular  performance  of  the  retrograde  meta- 
uiorphosis  of  the  tissues;  but  there  can  be  no  doubt  that  it  may  also  r<».5u!t  from 
the  presence  of  soluble  salts  of  oxalic  acid  in  certain  articles  of  vegetable  food.' 
415.  The  ordinary  acid  reaction  of  the  Urine  appears  to  be  due,  not  to  the 
presence  of  any  free  acid,  but  to  the  conversion  of  the  baric  phosphate  of  soda 
into  the  acid  phosphate,  by  the  subtraction  of  a  part  of  the  base,  which  occnrs 
when  urio,  hippurio,  lactic,  or  other  free  acida  come  into  contact  with  the  former 
substance.  There  is  no  adequate  reason  to  believe,  that,  in  the  healthy  state, 
there  is  ever  any  other  cause  than  this;  although  in  morbid  urine,  free  organic 
acids  are  almost  certainly  present.*  It  has  been  shown  by  the  researches  of  Dr. 
Bencc  Jones,*  however,  that  the  acid  reaction  is  far  from  being  constant  in  its 
degree,  even  when  an  ordinary  mixed  diet  is  steadily  employed ;  for  that  it  variej 
at  different  periods  of  tlie  day,  increasing  and  decreasing  invertrlj/  with  the 
acidity  of  (he  tfomarh  (§■  98).  Thus  the  acidity  of  the  Urine  decreases  soon 
after  taking  food,  whilst  that  of  the  Stomach  is  increasing;  and  attains  its  lowest 
limit  from  three  to  five  hours  after  a  meal,  frequently  giving  place  to  an  alkaline 
reaction.  The  acidity  then  gradually  increases,  whilst  thut  of  the  stomach  is 
decreasing;  and  attains  its  highest  limit  af^ter  a  fast  of  some  hours,  when  the 
etomach  is  quite  empty,  and  its  secretion  neutral.  If  no  food  be  taken,  the 
acidity  does  not  decrease,  but  remains  at  nearly  the  same  point  for  ten  or  twelve 
hours.  Whcu  aiii'mal  food  was  alone  employed,  the  diminution  of  the  acidity 
after  a  meal  was  more  marked,  and  continued  longer,  than  when  a  mixed  diet 
was  eaten  (apparently  on  account  of  the  greater  demand  for  acid  in  the  stomach); 
and  the  aridity  did  not  rise  quite  so  high  after  fasting,  as  with  a  mixed  diet 
On  the  other  hand,  when  the  diet  was  purely  vetjeiahlr^  the  dimioution  of  the 
acidity  of  the  urine  was  never  such  as  to  render  it  absolutely  alkaline,  although 
its  acidity  was  reduced  to  the  point  of  neutrality;  and  the  increase  of  its  acidity 
after  fasting  was  eomctimes  very  considerable,  though  by  no  means  so  marked  as 
the  decrease  of  alkalescence. — These  diurnal  variations  in  the  acidity  of  the  urine 
make  it  highly  probable,  that  corresponding  variations  occur  in  the  alkalescence 
of  the  blood ;  such  diurnal  variations  being  produced  by  the  quantity  of  acid 
separated  from  it,  and  poured  into  the  stomach  for  the  purpose  of  dissolving  the 
food.     The  introduction  of  dilute  sulphuric  acid  into  the  stomach,  even  in  large 

»  "  Philosopliicftl  Tranaoctioni,"  18.51,  — It  is  right  to  state,  however,  that  this  dootriee 
bos  been  called  in  question  by  snme  eminent  authorities,  iftio  dcnj  the  TBliditj  of  the  tMt 
for  nitrio  acid  employed  by  Dr.  Bence  Janes. 

»  See  Dr.  Golding  Bird  on  "  Urinary  Deposita,"  Am.  Ed. 

*  See  Prof.  Lekm&nn's  '^Physiological  Chemistry,"  (Caveadiah  Society'a  Ed.)  ToL  il 
pp.  404-406. 

♦  "PhiloB.  Traoaact/'  1849» 
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I,  was  not  found  to  prwluce  any  deoided  change  in  the  acidity  of  the  'urinc; 
the  only  perceptible  effect  beinp  a  slig'bt  dimiantion  of  the  decrease  which  takes 
place  after  taking  food,  and  a  sliirht  DiigmGUtation  of  the  increaise  after  facing. 
On  the  other  band,  the  use  of  liquor  pofaspaD  iu  large  doaes  leapena  the  acidity 
of  the  urine,  preventiop  it  from  risinp  after  fasting  to  the  height  it  would  other- 
vise  attain,  and  increasing  its  alkalescence  after  a  meal;  but  it  does  not  render 
the  urine  by  any  means  constantly  alkaline,  nor  does  it   hinder  the  variations 

J  produced  by  the  state  of  th«  etomneb  from  being  very  evident.  Tartaric  acid  in 
arge  doses  temporarily  increaaea  the  acidity  of  the  urine,  causing  it  to  rise  cousi* 
derably  higher  than  usual  after  a  fast,  but  not  preventing  that  which  is  passed  a 
few  hours  after  food  from  becoming  alkaline.  Tartrate  of  potash  in  large  doROP, 
ou  the  other  hand,,  has  a  marked  effect  in  reDdcring  the  urinu  alkalescent  ^  slill, 
it  does  not  prevent  the  usual  recurrence  of  tlie  acidity  some  hours  after  a  meal. 

416,  The  Urioe  of  IlerbiTorous  animals  is  almost  invariably  aUcoliyxe;  partly 
because  their  foo<l  contaius  a  large  quantity  of  alkaline  and  earthy  bases,  in 
combination  with  citric,  tartaric,  oxalic,  and  other  acids,  which  are  decomposed 
within  the  ey&tem ;  and  partly  because  the  amount  of  sulphuric  and  phospboric 
acids,  generated  as  products  of  the  oxidation  of  the  cleiiienta  of  the  tissues  or  of 
the  surplus-food,  is  not  sufficient  to  neutralize  them.  Such  is  the  conJition 
which  occasions  the  alkalinity  of  Human  Urine,  when  a  portion  of  the  acid 
which  would  otherwise  show  a  predominance,  is  directed  into  another  channel; 
and  it  ii  exaggerated  in  those  states,  in  which,  either  from  the  irritating  nature 
of  the  food,  or  from  the  irritable  condition  of  the  stomach,  an  undue  quantity 
of  acid  is  pourcd-out  into  that  riscus;  so  that,  its  reaction  being  habitually  acid, 
that  of  the  urine  becomes  hubituully  alku^ue.  Such  a  state  of  the  uriue  must 
be  carefully  distinguished,  as  Dr.  lience  Jones  has  pointed-out,'  from  that  in 
which  the  alkalescence  is  due  to  the  presence  of  volatile,  and  not  to  that  oi  Jixrd 

i;  the  difference  being  ea.sily  recognizable  by  the  icflueDce  of  the  liquid 
___  reddened  litmus-paper,  for  the  restoration  of  its  blue  colour  is  permanent 
in  the  latter  case,  but  only  transitory  in  the  former.  The  alkalescence  due  to 
the  presence  of  volatile  alkali  is  due  to  the  decomposition  of  urea,  whilst  the 
urine  is  yet  within  the  bladder,  through  the  agency  of  morbid  accretions  of  that 
viscujs;  aud  it  disiippears  when  this  orgsnt  returns  to  its  healthy  state.  On  the 
other  hand,  the  alkalescence  frnai  fixed  alkali  proceeds  from  disordered  action  of 
the  stomach,  which  is  usually  connected  with  disorder  of  the  general  system; 
and  it  persists  until  this  can  be  remedied.  In  both  forms  of  alkulescence,  there 
is  a  precipitation  of  earthy  phosphates;  but  in  the  alkatescence  from  fixed  alkali, 
the  precipitate  usually  consists  almost  entirely  of  phosphate  of  lime;  whilst  in 
that  from  volatile  alkali,  the  amorphous  sediment  of  lime  is  mingled  with  pris- 
matic crystals  of  the  phosphate  of  ammonia  and  magnesia.  These  precipitates 
may  be  obtained  from  healthy  urine,  by  adding  to  it  a  solution  of  potash  or  of 
amuionia;  and  the  decomposition  of  such  urine,  which  begins  to  tiike  f^iiice  very 
Boon  after  it  leaves  the  body,  gives  rise  to  the  same  precipitation,  by  the  produc- 
tion of  carbonate  of  ammonia  at  the  expense  of  its  urea. 

417.  A  very  important  serits  of  experiments  has  been  performed  by  I'rof. 
Lebmann,  with  a  view  to  determine  the  influence  of  dut  upon  the  cont^titution 
of  the  Urine. — In  the  first  set  of  these  experiments,  he  adopted  an  ordinary 
mtjrcff  diet;  but  be  took  no  more  c^olid  or  liquid  aliment,  than  was  needed  to 
appease  hunger  or  thirst,  aud  abstained  from  fermented  drinks.  Every  two 
houi^  he  took  exercise  in  the  open  air,  but  be  avoided  immoderate  exertion  of 
every  kind.  The  average  result  of  the  examination  of  the  Urine  pas.sed  under 
these  circumstances,  for  fifteen  days,  is  given  in  the  first  line  of  the  subsequent 
table. — In  a  second  set,  Prof.  L.  lived  for  twelve  days  on  an  exclusively  animat 
diet;  and  for  the  last  six  of  these,  it  consisted  solely  of  eggs.  He  took  32  eggs 
daily;  which  coDtainod  2929i  grains  of  dry  albumen,  and  2431  grs.  of  fatty 
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matters^  or  about  8532  grg.  of  carbon,  and  465 J  gre.  of  azote.  Tbe  amonat  of 
liCJrea  is  sbowo,  in  tbe  second  line  of  tbe  table,  to  bave  undergooe  a  very  birge 
Inerease;  and  it  contained  more  tban  five-sixths  of  tbe  whole  azote  ingested. — 
In  a  third  set,  Dr.  L.  lived  for  twelve  days  on  a  vfjitahh  diet ;  and  its  effect 
tipon  tbe  solid  matter  of  tbe  Urine  ia  shown  in  tbe  third  lino  of  tbe  table. — la 
tk  fourth,  he  lived  for  two  days  upon  an  tinazoh'zetl  diet,  consisting  entirely  of 
pure  fariaaceouB  and  oleapiuous  substances ;  so  that  the  azotized  matter  of  the 
Urine  must  have  been  solely  the  result  of  the  disintepration  of  the  tiasaea.  It 
18  seen  to  undergo  a  very  marked  diminution,  under  this  repmen  ;  aa  is  shown 
in  the  fourth  line  of  the  table.  His  health  was  so  seriously  affected,  however, 
by  this  diet,  that  he  was  unable  to  continue  it  longer. 

SoUd  Matleri.  Vrra.  I'ric  Acid.  Matltrt  awl  Mk. 

I,  Mixed  diet 104714  grs.  601-76  grs.  18-26  gra.  196-66  gr*. 

IL  Aniiiittl  diet 1350-07    ••  821-37"  22-82"  112-89    » 

IIL  VegeUble  diet 914-06    •'  84710"  16-77"  296-96   » 

IV.  Noo-Aioiuied  diet...  643-53    "  287-90  "  11-84  •  264-48   " 

The  following  inferences  are  drawn  by  Prof.  Lehmann,  from  these  experiments: — 
1.  Animal  artit-lea  of  diet  augment  the  Sofid  matters  of  the  Urine.  Vegetable 
Bubstances,  and  still  more  eucb  as  lire  deprived  of  azote,  on  the  contrary,  dimin- 
ish it. — *2.  Although  Urea  is  a  product  of  the  decompofiitiou  of  tbe  organism, 
yet  its  proportions  in  the  urine  depend  abo  on  the  food,  for  we  find  that  a  richly- 
azotizod  diet  considerably  augments  its  quantity.  In  tbe  above  esperimenta,  the 
proportion  of  the  Urea  to  the  other  solid  matters  was  aa  100  to  116  on  a  mixdd 
diet;  as  100  to  63  on  an  animal  diet;  as  100  to  156  on  a  vegetable  diet;  and 
as  100  to  170  on  a  non-azatieed  dtet.-«-3.  The  quantity  of  Uric  acid  depends  lea 
on  tbe  nature  of  the  diet,  than  on  other  circuuistauccs;  the  differencca  observed 
in  it  being  too  slight  to  warrant  our  ascribing  them  solely  to  the  former  cause. — 
4.  The  Protein-compounds,  and  consecjUGntly  tbe  azote  of  the  food,  are  absorbed 
in  the  iatcstinal  canul ;  and  what  ia  not  employed  in  the  formation  of  tbe  tissues, 
ia  tbruwn-ofT  by  the  Kidneys  in  the  form  of  Urea  or  Uric  acid ;  these  organs 
being  the  chidj  if  not  the  sole,  channel  through  which  the  system  frees  itaeli  of 
excess  of  azote. — 6.  The  urine  contains  rjuantities  of  Snlphafcx  and  PhofjiiiaJlrt 
Broportional  to  the  azotized  matters  which  have  been  abaorbed;  and  the  propor- 
tion of  the^e  salts  ia  sensibly  increa.sed  under  tbe  use  of  a  large  amount  of  those 
substances. — 6.  In  tbe  same  circumstances,  the  Extractive  matters  diminish, 
white  their  quantity  ia  increased  by  the  use  of  vegetable  diet;  a  fact  which 
proves  the  influence  of  vegetable  aliment  over  the  production  of  these  matten 
in  the  urine. — 7.  The  urine  after  tbe  use  of  animal  food  has  a  strong  acid  reac- 
tion, but  contains  little  or  no  lactio  acid  and  no  hippurio  acid.  Uuder  a  vege- 
table diet  there  is  more  lactic  acid,  but  it  ia  united  to  bases;  and  a  large  propordoQ 
of  the  free  acid  disappears.' 

418.  Thus,  then,  we  have  seen  that  the  Kidneys  serve  as  tbe  special  instru- 
menta  for  depurating  tbe  Blood  of  those  hiyhf^-ttzotised  compounds,  which  are 
formed  in  tbe  system  by  the  decomposition  of  the  materials  of  tbe  albuminooa 
and  gelutinoas  tissueSj  and  also  by  ihut  of  the  non-as»imilated  components  of  the 
fuod.  We  have  seen  also,  that  they  serve  for  the  removal  of  certain  excremen- 
tittous  compounds,  of  which  carfx/n  is  a  principal  ingredient;  and  these, aithoogh 
normally  present  in  but  small  amount,  may  undergo  a  marked  increase  in  disease, 
especially  when  the  liver  is  insufficiently  performing  its  functions,  or  the  respi- 
ratory process  is  obstructed.  Further,  we  ha\'c  been  led  to  regard  the  Kidneys 
aa  tbe  emunctory,  not  only  for  the  Euperfluous  water  of  the  blood,  but  aiao  for 
those  s.iline  compounds,  which,  having  been  introduced  into  tbe  system,  or  gene 
rated  within  it,  in  larger  amount  than  is  compatible  with  the  normal  constitutiou 
of  the  blood,  or  than  is  required  for  the  reparation  of  the  solids  of  tbe  body,  or 

■  <•  Phjaiological  Cheaustry"  (CaTcnduh  Society's  £d.),  toI.  il  pp.  460-462. 
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for  the  production  of  ila  fluid  eccretions,  are  only  fitted  for  elimination  C§  216). 
On  this  point  a  rery  elaborate  series  of  researches  was  made  by  Wohler,'  who 
showed  that  of  the  soluble  BAlta  taken  into  the  circulation,  those  are  most  readily 
excreted,  which  produce  a  determination  of  blood  towards  the  kidneys,  whereby 
an  increased  quantity  of  lirjuid  is  iiltered-off  through  the  outlet  which  they 
aflTord.  This  statement  is  to  be  extended  from  saline  compounds,  to  such  other 
soluble  matters  as  are  not  eliminated  by  preference  through  other  channels,  or 
are  present  in  too  large  an  amount  to  find  their  way  out  thence  with  sufiicieot 
rapidity.  Thiis  we  have  seen  that  when  Sugar  is  injected  into  the  blood  in  euffi- 
cient  quantity,  it  appears  in  the  urine  (§  132) ;  and  the  same  result  may  occur, 
either  from  the  introduction  of  this  substance  in  excessive  amount  by  absorption 
from  the  alimentary  canal,  or  from  the  undue  production  of  it  within  the  system 
(§402),  especially  if  at  the  same  time  the  process  of  Respiration,  by  which  it  is 
normally  dispoaed-of  as  fast  »r  it  ia  formed,  should  be  retarded  or  enfeebled." 
The  game  may  be  said  of  Lactic  acid,  which  is  not,  any  more  than  Sugar,  a  nor- 
mal constituent  of  the  Urine;  but  which  not  uufrequently  appears  in  this  excre- 
tion, in  consequence  of  its  being  generated  in  the  system  faster  than  it  cnn  be 
decomposed  by  oxidation  and  eliminated  by  the  respiratory  process-  In  like 
manner,  too,  the  system  makes  an  effort  to  free  itself  (so  to  speak)  from  various 
substances  altogether  foreign  to  it,  which  have  been  introduced  into  the  circula- 
ting  current  by  absorption,  and  which  woiiIJ  be  injurious  if  retained;  the  rale 
at  which  it  does  so,  being  in  a  great  degree  dependent  upon  the  functional  acti- 
vity of  the  Kidneys  (§§  223,  224), 

419.  It  is  a  most  important  fact,  in  a  Dietetic  and  Therapeutic  point  of  view, 
that  the  mctamorphio  process,  of  which  the  greater  part  of  the  constituents  of 
the  urine  are  the  products,  should  be  capable  of  retardation  or  of  acceleration  by 
the  pre«!ence  of  other  substances  in  the  blood.  The  former  appears  to  bo  the  opera- 
tion of  theine,  which  ia  the  active  principle  of  Tea  and  Coffee ;  for,  according  to  the 
recent  observations  of  Dr.  Bocker '  upon  the  former,  and  of  Dr.  Julius  Lehmann  * 
(§  65),  upon  the  latter,  a  very  decided  decrease  shows  itself  in  the  amount 
of  urea  and  of  phosphoric  acid  excreted  in  the  urine,  when  those  beverages  aro 
enoployed,  as  compared  with  the  amounts  of  the  pame  substances  when  the  gene- 
ral regimen  was  as  nearly  as  possible  identical  in  other  respects,  but  plain  water 
was  substituted  as  a  drink.  The  difference  is  much  greater  in  the  case  of  Coffee 
than  in  that  of  Tea  amounting  generally  to  as  much  as  one-fourth ;  thus  : — 

TIraa.  Pbospborie  sdd.  Oommoo  aalt. 
ffntmma.  gmmmn.  gramma. 

H- S.,  without  coffee,  voided 81-298  4-421  9-866 

"      with  coffee  from  ]  J  01.  of  beans. 21-888  3-001  8-819 

Difference 9-410  14:20  1046 

It  appeared  from  other  exj>erimentB,  that  neither  caffeine  nor  the  empyreumatio 
oil,  separately  administered,  produce  the  same  effect  as  coffee  itself.     Hence  it 

'  "  Muller'a  Elements  of  Phjsiology,"  translated  by  Baly,  p.  689. 

*  It  mnat  be  confessed  tbat  tbe  rationnle  of  the  remarkable  fact  first  discoTereJ  by  M, 
Claude  Bernard  ("Gazette  M6dic8le,"  Juin  2,  1849),— thnt  irritation  of  the  floor  of  tbf 
fourth  Teotricle,  by  puncture  or  by  a  ftUgbt  gahanio  i<hock,  causes  the  uriae  to  becomn 
saccbariae,  whilst  a  more  severe  lesioa  cbecks  the  eliminutioo  of  siignr,  nppnrentfy  by 
stopping  its  production, — has  not  yet  been  folly  made-out  NerertbeleBS,  the  9tateni«D> 
in  the  text  may  probably  bo  accepted  as  representing  a  pari  of  the  truth  npuu  this  curiou* 
subject.  (See  Reynoso  in  "Comptes  Rendns."  tom.  nxiji,  xxxiv  ;  Micbda,  op.  cit.,  torn. 
xxxiii. ;  Dechambre  in  "Gazette  M^tlictile,"  1852.  No.  14:  Dr.  L.  Dcale  in  "Brit,  and 
For.  Med.-Chir.  Rev.,"  toI.  xi.  p.  lOG;  and  Prof.  Lehmann  in  bis  "  PbysiologiBcheu 
Ch^mie."  2nd  edit.,  bund  ii.,  pp.  217,  375. 

*  •'  Arcbiv.  dee  Yereios  fiir  gemeinschaftlicbcD  Arbeiten  lur  f  Srdflmag  der  TVisseu* 
Kbaftlichen  Heilkutide,"  1854. 

*  "Asiialea  der  Cbem.  and  Pharm."  baud.  Ix^vii. 
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appears  that  the  use  of  Ten  or  Coffee,  by  retarding  the  '  waste '  of  the  i^ttem, 
diiiiinishca  the  demand  for  fi>od,  and  makes  a  limited  amount  of  it  go  farther ^ 
and  this  conclusion  seems  fully  borne  out  bj  experience. — The  like  reiiults  bap- 
pen,  according  to  Dr.  Bocker,'  under  the  use  of  small  quantities  of  Alcohol  fre- 
quently repeated;  as  much  as  13^  grammes  less  urea  being  excreted  duily,  when 
a  lea-spoonful  of  proof-spirit  was  taken  seven  or  eight  times  a  day,  than  when 
water  alone  was  drank.  It  do<-8  not  hence  follow,  however,  that  Alcohol  can  be 
used  as  advantageously  for  this  purpose  as  Tea  or  Coffee ;  ia  fact,  it  may  be 
doubted  whether  it  is  so  ranch  by  diminishing  the  'waste'  of  matter,  as  by 
interfering  with  the  due  eliminati'm  of  its  products,  that  Alcohol  oooaaioos  a 
diminution  in  the  weight,  of  the  urinary  soHda.  For,  as  we  have  seen  (§  316  vi.), 
it  interposes  a  marked  obstruction  to  the  due  oxid^ition  of  the  excr«mentitioua 
matter,  which  has  been  received  back  into  the  blood  for  the  purpose  of  elimina- 
tion, and  to  the  removal  of  the  hydro-CDrb<jnaceous  portion  of  it;  and  further, 
very  cogent  evidence  is  supplied  by  the  experience  of  Zymotic  diseases,  that  the 
very  same  produces  an  accumulation  of  fermentable  azotized  substances  ia  the 
blood  (§  65). — It  seems  not  unlikely  that  the  almost  instiactive  craving  for  T< 
bacco  among  a  large  proportion  of  mankind,  arises  out  of  its  possession  of  a  po 
of  retarding  the  metamorphosis  of  the  tissues ;  since  wc  find  that  men,  wh«a  sup^ 
plied  with  this  article,  can  far  better  sustain  being  put  upon  a  short  allowance 
of  food,  than  when  destitute  of  it. 

420.  Of  the  substances  that  accelerate  the  metamorpbosis  of  the  tissues,  and 
thus  augment  the  solids  of  the  urine,  the  Alkalies  and  their  carbonates  are  those 
whose  iiction  is  best  knowa;  these  (with  such  of  their  salts  as  are  formed  by  i 
acids  which  arc  deeompusod  in  the  Llood  into  the  carbonic,  such  as  the  acetattflH 
tartrates,  and  citnitcs),  have  a  powerful  solvent  aciion  on  the  albuminous  ooflBV 
pounds  generally,  and  tend  to  break-up  these  compounds  into  simpler  forms  of 
combination.  Uenoc  it  seems  likely  that  tbeir  presence  in  the  Blood  in  increased 
amount,  will  tend  to  hasten  the  retrograde  metamorphosis  of  the  tissues;  their 
chemical  force  being  exerted,  not  merely  upon  those  which  arc  already  in  a  Etate 
of  disintegration,  but  also  upon  those,  which,  being  disposed  to  degenerate,  cannot 
exercido  that  resisting  power,  which  they  possess  when  in  a  state  of  complete 
vita)  activity.  The  operation  of  Liquor  Potossac  in  health,  in  acute  rheumatifioi, 
ftud  in  chronic  diseases,  has  been  carefully  studied  by  Dr.  Parkes  ;*  and  he  has 
given  satitifuctory  evidence  that  it  causes  an  increase  in  the  solids  of  the  orioe 
generally,  but  eepecially  in  the  urea  and  in  the  amount  of  the  sulphuric  and 
phosphoric  acids;  thus  clearly  showing  that  it  hastens  the  metamorphosis  of 
lome  of  the  albuminous  structures  of  the  body.  The  increase  was  more  marked, 
as  might  be  expected  from  what  has  just  been  stated,  in  the  cases  of  chronic  dis- 
ease, than  in  ordinary  health.  The  following  comparative  tables  show  the  rela- 
tive amounts  before,  during,  and  after,  the  employment  of  liquor  potassaa,  in  (i.) 
a  case  of  chronic  Ecssema,  and  (ii.)  a  case  of  chronic  Phthisis : 


I.  Sbtidi.  Una, 

Before  liq.  Pot « „ BOOl  871-5 

During 689-6  454-5 

After « 627-2  372-8 

n. 

Before  Liq.  Pot.» 608-2  8«8'8 

During 781-7  4f18-8 

After. 643-9  271-5 


Acid. 
29-2 
33-5 
20-0 

18-6 
20-9 
16-9 


JcuL 


A  similar  Table  has  been  given  by  Dr.  Golding  Bird,*  of  ihe  entire  constituents 
of  the  secretion  passed  during  2-1  hours,  before  and  after  the  administratioa  of 
three  drachms  oi  acetate  of  poLisb  : — 

'  Op.  cit.  1868  •  ••BriL  and  For.  Med.-Chir.  Reriftw,"  rols-xi.,  xHL  riv, 

•  See  his  *  Lectures  on  the  iDfluenoe  of  RcBearchoK  in  Orgnoic  Chemlstrj  on  Tberapeo- 
tlos,'  in  "  Medical  Qaialte,"  1848,  vgl.  xlii.  p.  230 
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B^fim  MtdieiM.  4/ler  JMMm 

Quntity  of  Urine. .*. fl  I  xvi.  fl  ^  xlri. 

Specific  OntTity 1-026  1-017 

Total  Solids „ 416  gra.  782  gra. 

UrioAoid 2-6  grs.  5-6 

Urea « 180-6   ••  202-4 

Other  Organio  Compooods. 189-8    "  296-6 

Soluble  Salts. ....^ 720   "  248-4 

Insolnble  Salts 21-6   <•  82-2 

The  inoreue  (176*4  grains)  in  the  quantity  of '  soloble  salts/  is  to  be  chiefly  set- 
down  to  the  account  of  the  medicine  taken-in ;  but  the  whole  remainder  of  the 
augmentation  seems  fairly  attributable  to  the  increased  metamorphosis.  A  cer- 
tain degree  of  such  increase  is  producible  by  the  simple  ingestion  of  a  large 
amoant  of  Water ;'  so  that  this  is  by  no  means  so  inoperative  as  it  might  at  fint 
sight  appear,  in  cleansing  and  purifying  (so  to  speak)  the  penetralia  of  the  sys- 
tem.— ^It  does  not  appear,  however,  that  the  excretion  of  the  urinary  solids  is  aug- 
mented by  those  '  diuretic'  medicines,  which  cause  a  larger  amount  of  liquid  to 
be  passed-off  through  the  Kidneys,  merely  by  determining  an  increased  now  of 
blood  to  them.  On  the  contrary,  it  would  seem  as  if,  by  producing  congestion 
and  irritation,  they  sometimes  interfered  with  the  normal  process  of  secretion ; 
80  that  the  quantity  of  solid  constituents  is  actually  decreaeed,  notwithstanding 
the  large  augmentation  in  the  watery  part  of  the  urine.  This  very  important  fact 
has  been  demonstrated  by  Prof.  Krahmer,'  who  gives  the  following  as  the  result 
of  his  observations  upon  the  amounts  excreted  in  24  hours,  after  uie  administra* 
tion  of  diuretics  to  persons  in  health : — 

Total  SMdt  Oi^foitie  Imrfemie 

lUtktmtgttm.  m  Urint,  ObrnpotimU.  Oompmtndi, 

None 2-40  oz.  1-28  os.  1-18  os. 

Juniper 212  "  0-94  «♦  1-18  «« 

YenioeTnirentine 1-94  «  1-11  «  0-88  ** 

BqnlU 2-26  "  1-04  "  1-21  «« 

Digitalis. 2-46"  1-28"  1-17" 

Ouiaeiim 2-48"  1-88"  1-06" 

ColoUoom 2-82  "  1*86  "  0-96  " 

Similar  results  have  been  obtained  by  Dr.  Golding  Bird. — ^It  seems  highly  pro- 
bable that  the  '  critical  evacuations'  of  urine,  as  of  sweat,  or  faecal  matter,  on 
which  the  older  physicians  were  accustomed  to  lay  great  stress,  are  really  chai^ged 
with  noxious  substances,  of  which  the  blood  is  thus  depurated ;  and  that  great 
benefit  would  frequently  arise  in  practice  from  the  use  of  the  'alterative  diuretics,' 
as  suggested  by  Dr.  G.  Bird,  where  (as  in  chronic  rheumatism,  gout,  &c.,)  there 
« is  reason  to  believe  that  a  quantity  of  mal-assimilated  i^atter  exists  in  the  systemi 
of  which  it  is  important  to  get-rid.  In  man^  such  cases,  indeed,  clinical  observa- 
tioD  had  already  established  the  benefit  derivable  from  such  medicines,  without 
affording  the  rationale  of  it. 

4. — Of  the  Skin; — CutaneouM  Trarupiration. 

421.  The  Skin  is  the  seat  of  various  secretions, — as  the  Sebaceous,  Cemminons, 
and  Odoriferous, — ^for  each  of  which  it  is  provided  with  special  organs  (Prino. 
OF  Gin.  Phts.,  Am.  Ed.) ;  but  these  have  reference  chiefly  to  its  own  protectioui 
or  to  some  other  local  purpose ;  and  the  only  one  which  can  be  regarded  as  truly 
eavretnentitiaus,  is  the  Transpiration  of  aqueous  flnid,  holding  certain  matters  in 
solution.  The  elimination  of  this  fluid  from  the  blood  is  effected  by  the  Sudo 
riparout  glandule  (Fig.  118),  which  essentially  consist  of  long  convoluted  tubes 

*  See  Dr.  Bookers,  in  "  Zeitsehrift  der  K  K  OeseUsohaft  der  Alltie  tn  Wien,"  April, 
1861. 

•  "  Heller's  Archiv.,"  Dec  1847. 
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(1,  1)  rarely  single,  but  uaually  multiplied  by  repeated  dlchotomous  stibdivlaioa 

(2),  somcUnies  alsn  giving-off  short  c®cal  pro- 
cesses  before  their  tcrminntioo.  These 
eeatcd  rather  beneath  the  Corium,  in  the  mid 
of  the  subcutaneous  adipd£<e  tiesiue,  than  in  til 
Bubstnnce  of  the  skin  itself.  All  the  tubnli  of 
each  gland  unite  ro  as  to  form  but  one  duct ;  and 
this  passes  upwards  through  the  Cutis  and  Cii> 
ticle,  in  a  eomewhat  oorkgcrew-like  manner  (3), 
f  -  .*  to  open  upon  the  surface  of  ibe  latter  (4\  which 

-  _  .; — ^i_  ■:;  it  usually  readies  obliquely,  ro  that  the  outer 

1^  layer  of  the  Epidermis  form?  a  sort  of  Utile  valve, 

which  is  lifted  by  the  secreted  fluid  u  it 
iBsues-furtb.  The.«e  glan dulse  are  diffiised  in 
varying  proportions  over  the  entire  surface  cf 
the  b<:^y.  According  to  Mr  Erasmus  Wilwo,* 
8£  uiany  as  8528  of  them  exist  in  a  square  inch 
of  Burfjice  on  the  palm  of  the  hand ;  and  siooe 
every  tube,  wlu-n  straightencd-out,  is  about  a 
'^  quarter  of  an  inrh  in  length,  it  follows  that,  in  a 

square  inch  of  skin  from  the  palm  of  the  band, 
there  exists  a  length  of  tube  equal  to  882  inches, 
or  73}  feet.  The  number  of  glandulae  in  other 
parts  of  the  Skin  is  sonietiuies  greater,  but  »  ge- 
nerally less  thun  this;  and,  according  to  Mr. 
Wilson,  about  2800  maybe  taken  aa  the  average 
number  of  pores  in  each  square  inch  throughoot 
the  body.  Now  the  number  of  equare  inches  i 
surface,  in  a  man  of  ordinrkry  stature,  is  at 
2500 ;  the  total  number  of  pores,  therefore,  roa^ 
be  about  gptcn  ntilltofis;  and  the  length  of  the 
perspiratory  tubing  would  thus  be  1,570,000 
inches,  or  145,833  feet,  or  48,611  yards,  or 
nearly  28  miles, 

422.  Although  a  separation  of  fluid  by  this 
eztensive  glandular  apparatus  is  continually  tak- 
ing-place, yet  this  fluid,  being  usually  carritid-off 
in  the  form  of  vapour  as  fast  as  it  ia  aeptfatd, 
does  not  ordinarily  aecumulsle  so  as  to  becone 
seDHiblc.  If,  however,  from  the  increased  amouat 
of  the  secretion,  or  from  the  condition  of  the  sur- 
rounding  air,  the  whole  fluid  thus  poured-ont 
should  not  evaporate,  the  residue  forms  minate 
drops  upon  the  surface  of  the  skio.  Thus  the 
mu  «t  3,  and  opcni  on  it«  lurface  at  gudoriparous  excretion  may  take  the  form  either 
oIm,  which  .re  Botn  at  6,  6.  ^^  sentiLk  or  of  msenttbh  transpiration  ;  the  lat- 

ter being  constant,  the  former  oocasional.  It  it 
difficult  to  obtain  enough  of  this  secretion  for  analysis,  free  from  the  sebaceous 
matters,  epidermic  scales,  &c.,  which  accumulate  on  the  surface  of  the  skin ;  and 
its  character  can  only,  therefore,  be  stated  approximately.  It  usually  shows  an 
acid  reaction,  which  seema  due  to  the  presence  of  acetic  acid;  and  to  this,  or  to 
lactic  acid,  we  arc  probably  to  attribute  the  sour  smell  which  it  has,  especially  io 
8om»^  dianrdered  states  of  the  system.  The  proportion  of  solid  matter  contained 
in  diflerent  specimens  differs  very  greatly;  thus,  accordiog  to  Anselmioo,  it  varies 
iHetween  5  and  12-5  parts  in  1000  j  the  recent  observations  of  Favre*  give  4*43 
'  "Od  the  Man*?emcnt  of  the  Skin,"  2J  Am.  Ed.,  p.  61 
■  "Arcbiv.  Q€n6r.  da  MM.,"  1858,  6i£me  S^r.,  torn,  ii.,  pp.  1-12. 


Suditripnrout  Olnnd  from  tb»  pAlm 
of  thohnnd,  ma^ifiod  40  diam. ; — 1, 
I,  Doatort«d  t-ubei,  compoffng  tb« 
g\t.nd,  and  anittiig  in  two  ixcntory 
ducU,  2,  2,  which  unite  into  one  «pi- 
r&l  can&I  tbftl  perforates  tho  epider- 
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parU  per  1000  as  the  proportion  contained  in  nearlj  nine  gallons  which  he  had 
collected  ;  whilst  those  of  Schottin'  raise  it  as  high  as  224 

{)arts  per  1000,  of  which,  however,  \2  parte  consiet  of  epitfae- 
ium  and  insoluble  matters.     The  ^rreater  prt  of  it  consists  ot 
organic  noatter,  the  larger  proportion  of  wliich  appears  to  be  a 

Srotein-compound  in  &  state  of  incipient  decomposition  j  urea, 
owever,  has  been  detected  in  this  product  by  Dr.  Landerer;' 
and  his  observations  are  confirmed  bv  Favre  (loc.  eit  ),  who 
considers  that  it  is  upon  the  presence  of  this  or  a  similar  sub- 
stance, that  the  readiness  with  which  the  Suid  becomes  alkaline 
depends.  Schottin,  however,  failed  in  detecting:  urea  in  normal 
sweat;  but  he  remarked  that  in  wrarmm^  especially  when  oc-  '^^*  lining  tnem- 
currine  in  casea  of  cholera,  considerable  quantities  of  this  sub-  ^™"^'  *•■  »ti««th.  of 
Stance  pss  into  the  cufaneous  transpiratioD,  so  as  even  to  form  (^^^g.  Magnified  250 
a  thin  bluish  pulverulent  layer  on  the  dead  body.  The  re-  ditmeters. 
mainder  consists  of  saline  compounds  ;  of  which  the  chlorides 
of  pota!?«ium  and  sodium  appear  to  be  pretty  constantly  present ;  whilc^t  muriate  of 
ammonia,  alkaline  phosphates,  free  acetic  and  butyric  acids,  and  ncetate  of  soda, 
have  also  been  said  to  occur  in  it.  The  presence  of  lactic  acid  is  affirmed  by  Favre, 
and  denied  by  Schottin ;  the  former  observer  also  affirms  that  he  baa  discovered  a 
new  nitrogenous  acid  in  this  excretion,  to  which  be  has  given  the  name  of  h^drodc 
or  tudoric  acid.  —  The  proportion  of  solid  ingredients  would  probably  be  found 
larger  in  the  true  secretion  of  tiie  Sudoriparous  glands,  if  wc  bad  the  means  of  col- 
lecting it  separately ;  for  of  the  whole  fluid  which  passes-off  from  the  surface  of 
the  skin,  only  a  portion  can  bo  properly  said  to  he  secreted  hj  these  glands,  a  large 
part,  as  in  the  case  of  the  Kidneys,  being  apparently  the  product  of  simple  froTi*- 
vdatiiin  (§  406).  It  will  be  this  part  which  will  undergo  augmentation,  when  a 
special  detcraiinatioQ  of  blood  to  tho  skin  is  produced  by  external  heat;  and 
there  is  nti  more  reason  to  think  that  an  increase  in  the  amount  of  tolul  mo  tier 
thus  excreted  is  induced  by  such  agency,  than  that  an  increase  in  the  solids  of 
the  urine  can  be  determined  by  ordinary  diuretics  (§  420).  Hence  the  debili- 
tating effects  commonly  assigned  to  profuse  perfspimtions,  must  he  attributed  to 
some  other  causes;  and  these  it  does  not  seem  very  difficult  to  find.  Thus,  the 
great  fatigue  which  is  experienced  as  a  consequence  of  muscular  exertion  in  a 
heated  atmosphere,  may  fairly  be  set-down  to  the  dirainishcd  activity  of  the  res- 
piratory process  at  high  temperatures  (§  316, 1.);  and  the  * colliquativo  sweating' 
of  hectic  fever  is  obviously  not  a  cause,  but  a  consequence,  of  the  debilitated 
Btate  of  the  general  system.  >■ 

423.  The  entire  amoiint  of  fluid  which  is  '  insensibly '  lost  from  the  Cutaneous 
and  Pulmonary  surfaces,  is  estimated  by  Seguin  at  18  grains  per  minute;  of 
which  11  grains  pass-off  by  the  skin,  and  7  by  the  lungs.  The  maximum  loss 
by  Exhalation,  cutaneous  and  pulmonary,  during  twenty-four  hours,  (except 
under  very  peculiar  circumstances,)  is  5  lbs.;  the  minimum  If  lb.  It  varies 
greatly,  accordinj^  to  the  condition  of  the  atmosphere,  and  that  of  the  body  itself; 
and  these  variations,  as  wc  shall  hereafter  see  (§  444),  have  a  most  important 
ahare  in  the  regulation  of  the  temperature  of  tlie  body.  The  whole  amount  of 
Cutaneous  transpiration,  '  sensible '  and  '  insensible,'  is  greatly  increased  by  heat 
and  dryness  of  the  surrounding  air ;  for  the  heat  occasions  the  determination  of 
an  augmented  amount  of  btood  to  the  cutaneous  vessels ;  and  of  the  fluid  which 
thus  transudes,  a  large  porliou  is  carricd-nff  in  the  state  of  vapour.  The  more 
the  heated  atmosphere  is  already  churged  with  watery  vapour,  the  smaller  will  be 
the  proportion  of  the  transuded  fluid  that  will  thus  '  insenBibly'  pass  away;  and 
the  more  will  accumulate  aa  'sensible '  perspiration.     £xact  observations  on  this 

*  "Arch.  fUr  physiol.  Heilkiinde,"  band  ii.  pp.  78-101 

•  "  HeUer'i  ArchiT.,"  band  iv.  p.  196. 
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Eoict,  however,  are  much  wanting,  in  which  not  merely  the  tcmperatnre,  bat  the 
ygronielric  state  of  the  air  should  be  precisely  ilttermined ;  the  best  hitherto 
rvcorded  being  those  made  by  Dr.  Soutbwood  Smith  '  at  the  Phoouix  Gas  Works, 
in  which  the  former  element  only  was  uurefully  noted.  These  observatiooB  wen; 
made  upon  eight  of  the  workmen  employed  in  'drawing'  and  'charging'  the 
retorts  acd  in  makiog-up  the  fires;  during  which  they  were  exposed  to  iateofe 
hcaii  the  men  were  accurately  weighed  in  their  clothes,  immediutely  before  they 
began,  aad  after  tliey  had  finished  their  work ;  and  in  the  interral  between  the 
first  and  second  weighing^',  they  were  not  allowed  to  partake  of  any  solid  or  liquid 
itiyxta,  nor  to  part  with  urine  or  faeces. 

Experiment  I.  Nov.  18,  1836.  Day  bright  and  clear.  Temperattire  of  the 
air  in  which  the  men  worked,  60**  Falir.  Barometer  29-25  in.  to  29-4  in. 
Duration  of  labour,  45  minutes. — Average  loss  of  weight,  3  lbs.  6  ox.  j  tnaximom, 
4  lbs.  3  OE. ;  minimum,  2  lbs.  8  oz. 

Experiment  11.  Nov,  25,  1836.  Day  foggy  with  scarcely  any  wind.  Tem- 
perature of  tne  air,  39"  Fahr  Barometer  29'8.  Duration  of  labour,  75  minutes. 
Average  Iobs  of  weight,  2  lbs.  2  oz. ;  maximum,  2  lbs.  15  oz. ;  minimum,  14  ok. 

Experiment  III.  June  3,  1837.  Day  exceedingly  bright  and  clear,  with 
little  wind.  Temperature  of  the  air,  CO'*.  Duration  of  labour,  60  roinutos.^ 
Average  loss  of  weight,  2  lbs.  8  oz.  ;  maximum,  3  lbs.  ;  minimum,  2  lbs. 

Experiment  IV.  Ou  the  same  day,  two  other  men  worked  in  an  unusually 
hot  place  for  70  minutes;  the  loss  of  weight  of  one  of  these  was  4  lbs.  14  oz. ; 
and  of  the  other  5  lbs.  2  oz. 

Although  the  individuals  subjected  to  these  experiments  were  not  in  all  in- 
stances the  same,  yet  there  was  enough  of  identity  among  them,  to  admit  of  the 
certain  inference,  that  the  amount  of  fluid  lost  must  be  influenced  by  the  state 
of  the  individual  system,  ajs  well  as  by  that  of  the  surrounding  medium.  Thai 
in  the  second  experiment,. Michael  Griffiths  lost  2  lb8.  6  oz.,  and  Charles  CBhell 
2  lbs.  15  oz. ;  whilst  in  the  third,  Michael  Grifiitba  lost  3  lbs.,  and  Chafles  Cibell 
only  2  tbs.  It  is  probable  that  the  amount  of  ]i«|uid  ingested  not  long  previouslj, 
might  have  a  considerable  influence  on  the  quantity  lost  by  transpiration  under 
such  circumstances. 

424.  The  Cutaneous  excretion,  as  already  pointed-out,  is  in  great  degree  viei- 
rious  with  the  Urinary,  in  regard  to  the  amount  of  fluid  eliminated  ;  the  orioe 
being  more  watery  in  proportion  as  the  cutaneous  exhalation  is  diminished  in 
amount,  and  vice  versd  (§  406).  But  we  are  also  to  look  at  these  two  excre- 
tions as  vicarious,  in  regard  to  the  elimiaatlon  of  the  products  of  the  'waste'  of 
the  system.  The  share  which  the  Skin  has  in  this  office  has  probably  been  gene- 
rally under-rated.  There  is  reason  to  believe  that  at  least  100  grains  of  axotised 
matter  arc  excreted  from  it  daily ;  and  any  cause  which  cheeks  this  excretioo, 
must  throw  additional  labour  on  the  kidneys,  and  will  be  likely  to  produce  dis- 
order of  tLeir  function. — The  secreting  action  of  the  Skin  is  influenced  by  gene- 
ral conditions  of  the  vascular  and  nervous  pystema;  which  are  as  yet  ill  under- 
■tood.  It  18  quite  certain,  however,  that  through  the  influence  of  the  latter  the 
secretion  may  be  excited  or  suspended ;  this  is  seen  on  the  one  hand  in  the  staU 
of  syncope,  and  in  the  efl'ects  of  depressing  emotions,  especially  fear,  and  its  men 
aggravated  condifiou,  terror;;  and  on  the  other,  in  the  dry  condition  of  the  skin 
during  states  of  high  nervous  excitement.  It  is  very  probable  that,  in  manj 
forms  of  fever,  the  suppression  of  the  perspiration  is  a  cause,  rather  than  to 
effect,  of  disordered  vascular  action  ;  for  there  are  several  morbid  conditions  of 
large  parts  of  the  surface,  in  which  the  suppression  of  the  Iranspirution  appears  to 
be  one  of  the  chief  sources  of  danger,  having  a  tendency  to  produce  congestion 
and  infliamraation  of  internal  organs.  From  the  experiments  of  Dr.  Fourcauh,  it 
appears  that  complete  suppression  of  the  perspiration  in  animals,  by  means  of  a 
varnish  applied  over  (he  skin,  gives  rijie  to  a  state  termed  by  him  '  outaneous 
'  "  Philoiopliy  of  Health,"  toI.  it  pp.  a91-896. 
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•flpbjxia;'  which  is  marked  by  imperfect  Brtcrinliiation  of  the  blood,  and  con- 
siderable fall  of  tomperature  (§  4d(j);  and  wliich^  as  it  produces  death  in  ihe 
lower  animals,  would  probably  do  the  same  in  Man.  A  partial  supprpssion  by 
the  same  means  gives  rise  lo  febrile  flvmptoms,  and  to  albuminuria.' — There  can 
be  no  doubt  whatever,  that  imperfect  action  of  the  Cutaneous  plandulse,  conse- 
quent upon  inactive  babitci  of  life  and  wnut  of  ablution,  is  a  very  frequent  fnurce 
of  disorder  of  the  general  system  ;  occasioning  the  accumulation  of  that  decom* 
posing  organic  matter  in  the  blood,  which  it  is  the  epeciul  office  of  these  glandulse 
to  eliminate.  Hence  the  due  maintenance  of  health  requires  that  this  excretion 
should  be  promoted  by  the  use  of  the  natural  and  appropriate  means  just  re- 
ferred-toj  and  thia  is  the  more  necessary,  when  from  any  cause  the  function  of 
the  kidneys  is  imperfectly  performed  There  are  many  diseased  Btatcs,  moreover, 
in  which  there  appears  to  be  a  special  dctcrminatioD  of  the  ntnten'ra  morhi  to 
the  Skin,  and  in  which,  therefore,  the  use  of  means  that  promote  the  cutaneoua 
excretion  coDStitules  the  moel  efficient  method  of  elimiDatiDg  it  ^omi  the  blood.' 


CHAPTER  X. 


EVOLUTION  OF   HEAT,    LIGHT,  AND  ELECTRICITY. 

1.^ — General  Constderaliona. 

425.  Tee  series  of  Nutritive  operations  which  has  now  been  passed  in  review, 
has  been  shown  to  consist  in  the  continual  appropriation,  by  the  Animal  organ- 
ism, of  certain  'organic  compounda'  or  'alimentary  materials,'  which  have  been 
generated  for  its  use  by  Plants  ;  and  in  the  constant  restoration  of  their  elcmenta 
to  the  Inorganic  world,  either  in  the  vtry  same  forma  of  combinalinn  in  which 
they  originally  existed  there,  or  as  products  of  incipient  decay,  by  whose  further 
decomposition  those  simple  binary  compounds  will  be  reproduced.  And  thus,  so 
far  as  the  materiul  components  of  the  Organic  Creation  are  concerned,  the  agency 
of  Vegetable  life  is  concerned  in  withdrawing  them  from  the  Mineral  world,  &nd 
that  of  Animal  life  in  returning  them  to  it,  after  they  have  served  tlieir  purpose 
in  the  living  atnicture.  But  if  we  ciauiine  into  the  source  of  those  active 
powers  or  'forces,'  on  whose  operation  every  change,  no  less  in  the  organized 
body,  than  in  what  is  commonly  destignated  as  'inert'  matter,  is  dependent,  we 
shall  find  that  they  are  all  traceable  to  the  solar  radiations.  It  is  by  the  action 
of  the  Light  and  Heat  of  the  Sun  upon  the  Vegetable  germ,  tLnt  it  is  enabled 
to  exercise  its  wonderful  tTansforming  capacity,  whereby  it  extracts  carbon,  hydro- 
pen,  nitrogen,  and  oxygen,  from  the  carbonic  acid,  water,  and  ammonia  furrushed 
by  the  atmosphere  or  the  soil;  and  that  it  converts  these  into  tlie  allmminous, 
eacchsrine,  and  oleaginous  compounds,  which  are  the  destined  food  of  Animals. 
And  it  is  under  the  influence  of  Heat  chiefly  derived  from  the  same  source,  that 
the  greater  number  of  tribes  of  Animals  are  enabled  to  apply  these  compounds  to 
the  purposes  of  organization ;  and  that,  through  the  peculiar  instruments  thus 

'  8e«  bis  important  Treatise,  "Causes  G^D^rales  des  Maladies  Chroniqaea,"  &e.,  1844  ; 
and  "  Brit,  and  For.  Med,  Rev.,"  toI.  xi.  pp.  106-108. 

*  Tb«  practical  value  of  active  diaphorpdis  in  manv  febrile  diseaaes,  ie  well  understood 
by  the  natite  practitioners  nmoTig  the  Ncproes  of  the  Guinea  Coast;  who,  according  to 
Dr.  Daniell  ("  Medical  Topoffraphy  and  Nsti-ve  Distaees  of  the  Gulf  of  Guinea,"  pp.  110- 
20)  make  use  of  it  most  nuccessrully  in  the  trenlmetit  of  ndynainic  remittent  feTers.  Dr. 
Daniell  states  thai  having  himself  had  abundant  ciperience  of  its  efficacy,  he  hns  no  doubt 
of  its  raperiority  in  these  cases  to  the  ordinary  practice  of  venesection,  saline  purgntivea, 
largo  doses  of  calomel,  &c.  And  he  has  repeatedly  stated  that  one  great  secret  of  pre- 
■erriag  health  in  tropical  olimatea,  Uea  tu  the  atteutiou  to  the  cutaneous  fuactioaa. 
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constructed,  those  varioua  kinds  of  Vital  Force  are  evolved,  whose  opetations  are 
BO  different  from  any  which  we  witneaa  in  the  Inorganic  world.  Accordingly  we 
observe  that  the  'rate  of  life'  in  this  larger  proportion,  of  the  Animal  kingdom, 
is  regulated,  as  in  Plants,  by  the  amount  of  Iloat  supplied  to  the  organism  from 
external  sources ;  and  that,  when  the  external  temperature  is  reduced  below  a 
certain  point,  there  is  an  entire  cessation  of  a!l  vital  activity.'  But  there  are  cer- 
tain tribes,  especially  Birds  and  Mammals,  which  possess  the  power  of  generatiog 
Heat  within  themselves,  to  such  a  degree  as  to  render  the  rate  of  their  vital  pro- 
cemee  almost  entirely  independent  of  external  influences ;  and  there  is  probably 
no  one  species  that  can  exercise  this  power  more  effectually,  and  through  a 
greater  range  of  external  conditions,  than  Man  is  able  to  do.  Of  this  we  shall 
presently  have  evidence. — The  evolution  of  Light,  again,  is  by  do  means  an 
unusual  phenomenon  among  the  lower  tribes  of  animals  ;  but  where  it  does  occur, 
it  usually  appears  to  have  some  special  purpose,  as  is  obvious  enough  in  tbe  case 
of  tbe  glow-worm  and  other  luminous  Insects.  But  the  luminosiity  which  h 
occasionally  exhibited  in  Man  {§  445),  must  be  regarded  as  an  altogether  abnor- 
mal phenomenon,  whose  physiological  interest  arises  out  of  the  peculiarity  of  the 
circuuustaaces  under  which  it  presents  itself. — Of  the  degree  in  which  £l<ctrici/y 
is  generated  in  the  living  body,  we  know  oomparatively  little.  There  is  strong 
evidence  that  a  disturbance  of  Electric  polarity  must  take  place  in  every  action  of 
Organic  as  well  as  of  Inorganic  Chemistry  j  and  thus  that  every  molecular  chatifje 
iu  the  Animal  as  well  as  in  the  Vegetable  organism  must  involve  an  alteration  in 
its  eleotnc  condition.  But  it  would  seem  that  in  the  Animal  body  generally, 
these  alterations  are  made  to  balance  each  other  so  exactly,  that  do  considerable 
disturbance  of  the  electric  equilibrium  ordinarily  takes  place  in  the  organism  aa 
a  whole;  and  it  is  only  in  certain  peculiar  cases  (as  in  tbe  Electric  Fishes)  that 
a  provision  exists  for  the  generation  of  Electricity  in  considerable  amount  and 
intensity,  with  a  view  to  some  special  purpoae.  In  the  Human  etibject,  however, 
an  extraordinary  production  of  free  Electricity,  as  of  Light,  occasionally  present* 
itself;  and  this,  taken  in  connection  with  other  evidence,  would  seem  rather  to 
indicate  a  departure  from  the  bafance  usually  maintained  between  the  opposite 
electrical  changes  continually  taking  place,  than-to  be  due  to  the  iutroduction  of 
anY  extraordinary  sources  of  electric  disturbance  (§  446). 


2. — Exiolution  of  Heat. 

426.  All  the  vital  actions  of  the  body  of  Man,  as  of  that  of '  warm-blooddd* 

animals  generally,  require  an  elevated  temperature  as  a  condition  of  their  per- 
formance;  and  the  high  degree  of  constancy  and  regularity  which  is  observable 
in  these  actions,  appears  to  depend  in  great  degree  upon  the  provision  which  the 
organism  contains  within  itself,  for  the  tnaiuteaauce  of  that  temperature  at  a  fixed 
standard.  This  conptancy  and  regularity  arc  most  remarkably  exhibited  in  the 
various  periwiical  changes  to  which  the  body  is  subject  both  in  health  and  in 
disease;  tbe  uniformity  of  whose  recurrence  is  due  to  a  corresponding  uniformity 
in  the  rate  of  vital  action  taking  place  in  the  interval.  Thus,  as  will  be  shown 
hereafter,  the  period  of  parturition  is  in  great  degree  determined  by  tbe  matuiv 
tioQ  of  the  fecial  structures;  and  the  uaiformity  of  tbe  time  which  this  requires 
(like  tbe  corresponding  uoiforiuity  in  the  period  of  development  in  the  embryo- 
bird)  may  be  fairly  attributed  to  the  regularity  of  the  supply  of  Heat,  which  is 
the  power  that  especially  determines  the  formative  operations.  For  the  periods 
of  all  similar  phenomena  in  'oold-blooded'  animals,  which  have  no  power  of 
maintaining  an  independent  temperature,  exhibit  no  such  uniformity;  being  en- 
tirely dependent  (as  in  Plants)  upon  the  degree  of  external  warmth  to  which 
their  bodies  are  subjected. — We  shall  now  inquire,  in  tbe  first  place,  into  the 

'  See  "  Principles  of  General  Physiology,"  Am.  Ed. 
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amount  of  Heat  thus  generated  bj  Man;  and  then  into  the  sources  of  its 
production. 

427.  Our  prefient  knowledge  of  the  ordinary  Temperature  of  the  Human  body 
under  different  circumstancea,  is  chiefly  due  to  the  investigations  of  Dr.  J.  Davy,' 
— The  first  series  of  bis  observations  included  114  individuals  of  both  sexes,  of 
different  ages,  and  among  various  raccs^  in  different  latitudes,  and  under  varioua 
temperatures ;  the  external  temperature,  however,  was  in  no  instance  very  low, 
and  the  variations  were  by  no  means  eitreme.  The  mean  of  the  ages  of  all  the 
individuals  was  27  years.  The  following  is  a  general  statement  of  the  results, 
the  temperature  of  the  body  having  been  ascertained  by  a  thermometer  placed 
under  the  tongue : — 

Average  temperature  of  the  bodj 


Temperature  of  the  air  ^'' 

♦•  u  78° 

♦»  »'  79-6" 

♦I  "  go* 

•  "  82" 

Mean  ofaU  the  experiment*  74° 

Highest  temperature  of  air  82<> 

Lowest  temperature  of  air  60° 


Mean  of  nil  the  cxperinicDta 
Highest  temperature  of  body 
Lowest  temperature  of  body 


98-28" 
98'15«> 
SS-BS" 
99  21«» 
99-67» 

lOOo 
]02'> 
966<» 


From  this  we  see  that  the  variatiot>s  noted  by  I>r.  Davy,  which  were  evidently 
in  part  the  consequence  of  variations  in  external  temperature,  but  which  were 
also  partly  attributable  to  individual  peculiarities,  amounted  to  5}  degrees;  the 
lower  extreme  might  he  found  to  undergo  still  further  depression,  if  the  inquiries 
were  carried-on  in  very  cold  climates. — Dr.  Davy's  subsequent  inquiries  have 
been  directed  to  the  determination  of  the  various  influences  which  tend  to  pro- 
daoe  a  departure  from  the  average  ];  and  it  will  be  advantageous  to  present  his 
results  in  a  systematized  form,  in  combination  with  those  of  other  observers. 
The  most  important  of  these  variations  seem  to  be  those  dependent  upon  Age, 
Period  of  the  Day,  Exercise  or  Repose,  Ingestion  of  Food, or  Drink,  and  External 
Temperature. 

I.  The  temperature  of  2n/an(g,  according  to  the  observations  of  Dr.  Davy,  M. 
Roger^  and  of  Dr.  Gr.  C.  Holland,*  is  somewhat  higher  than  that  of  adults,* 
provided  that  they  are  placed  in  conditions  favournbte  to  its  sustenaiice;  but,  as 
will  be  shown  hereafter,  infants  and  young  children  are  very  inferior  to  adults 
in  their  power  of  resisting  the  depressing  influence  of  external  cold  (§§  442,  443). 
Their  temperature,  when  examined  immediately  after  birth  by  a  thermometer  in 
the  axilla,  ia  nearly  lOO'';  but  it  quickly  falls  to  about  95-5°,  and  gradually 
riaea  in  the  course  of  the  next  twenty-four  hours  to  about  97 '7**  in  weakly  sub- 
jects, and  to  99-5°  in  strong  infants.  Between  four  months  and  six  years  of 
age,  M.  Roger  found  the  avernge  tempemture  to  be  98-9^;  and  between  six  and 
fourteen  years  of  age,  99-10°. — The  temperature  of  affed  persons,  from  the 
observatioos  of  Dr.  J.  Davy,  does  not  seem  to  be  below  that  of  persons  in  the 
Tlgour  of  life,  provided  that  there  be  uo  external  depressing  influences ;  but  they 
Mem,  like  infanta  and  young  children,  to  have  less  power  of  rcsi^iting  external 
cold,  the  temperature  of  their  bodifs  being  more  easily  and  considerably  reduced 
by  it  than  is  that  of  adults;  and  hence  probably  it  has  happened,  that  popular 
opinion  assigns  to  them  an  habkually  inferior  temperature. 

II.  A  slight  diurnal  variation  in  the  temperature  of  the  body  appears  usually 

'See  Dr.  Davy's  Buocessivc  Memoirs  io  the  "  Fbilosophioal  TransaotioiiB,*'  for  1814* 
(Ttpubliahed  in  his  "Anatomical  and  Physiological  Kesearchea")  1844,  1845  and  1860, 

•  ••  Archiv.  06a.  de  Mdd.,"  1844.  •  "  Inquiry  into  the  Laws  of  Life,"  1829. 

»  Dr.  W.  F.  Edwards  ("On  the  Influence  of  Physical  Agente  on  Life,"  p.  115)  gives  tia 
the  result  of  bis  obBerrations,  which  were  only  ten  in  number^  that  the  temperature  of 
iofaota  ia  lower  than  that  stated  above;  but  it  is  obvious  that  these  observations  were 
made  during  the  period  of  depressian.  which  ocours  in  the  first  few  days,  whilst  the  new 
pir»tory  function  ia  beocming  established. 
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to  take  place,  quite  irrespectively  of  external  heat  or  cold ;  but  tbu  doct  not 
Bcein  to  be  verj'  coostaut  eitUcr  in  its  period  or  its  degree,  and  is  seldom  very 
cotisidcrablci.  Thus  Dr.  Davj  found  from  a  l<>iig  series  of  observatioDg  carried- 
on  upon  himself  whilst  in  England,  thot  the  body  was  warmest  iu  the  iiiuniing, 
and  coldest  nt  night;  whilst  the  reverse  was  the  case  in  Jiarbadocs.  The  follow- 
ing table  gives  his  average  results ; — 


Mean  lempemiun  vndtr  Oit  Umffut. 

Ttmptratttrt  tif  Jttem, 

England    {^-^.J^"- 
Barbadoesj^Jj-M. 

2-4  P.M. 

B8-62<> 

12-2  P.M. 
88-9" 

12  P.K. 

97-92" 

0-11    P.M. 

l'9° 

7-8  A.M. 

60-0<> 

6-7  A.M. 

2-4  P.M. 
64.7" 

12-2  P.M. 

12  P.M. 

62* 

&-11  P.M. 

79" 

From  the  observations  of  M.  Chossat  od  Birds,  in  which  the  dinmal  variatioD 
amounts  to  IJ"  Fahr.,  it  seems  that  the  maiinaum  pretty  constantly  occurs  at 
noon,  and  the  minimum  near  midnight;  and  this  corresponds  well  with  what 
has  already  been  pointed-out,  with  regard  to  the  relative  activity  of  respiration 
at  different  periods  of  the  twenty-four  hours  (§  31G  ix).  Probably  there  is  a 
less  capacity  for  generating  heat  daring  the  night;  so,  that^  if  the  body  be  io- 
BixfEciently  protected  by  clothing,  or  be  exposed  to  a  low  degree  of  external 
tempeTature,  its  own  temperature  will  be  more  readily  lowered :  and  thus  the 
niinimum  of  the  whole  day  may  come  to  present  itself  at  this  part  of  it,  in  a 
t(^mperftte  cltmntc ;  whilst  in  u  tropical  climate,  the  light  bed-covering  and  free 
circulation  of  air  usual  in  the  Bleeping-room,  together  with  the  reducing  influ- 
ence of  repose,  would  tend  to  render  the  eurly-morning  temperature  the  lowest. 

III.  That  an.  increase  in  the  heat  of  the  body  is  produced  by  exercise,  and  that 
repose  tends  to  its  reduction,  is  a  matter  of  familiar  experience ;  but  the  obser- 
vations  of  Dr.  Davy  show  that  there  is  ecarcely  any  pen^eptible  difference  in  the 
heat  of  the  deep-seated  parts,  the  augmentation  and  depression  being  confined 
to  the  extremities.  Thus,  on  one  occasion  recorded  bj  him,  the  tempen- 
luro  of  the  air  of  the  room  before  walking  being  f)0°,  that  of  the  feet  (shown  by 
a  thermometer  placed  between  the  toes)  hein^  only  00°,  that  of  the  thermometer 
under  the  tongue  being  98*^,  and  that  of  the  urine  being  100*, — the  temperature 
after  a  walk  in  the  open  air  at  40"*,  the  exercise  having  diffused  a  feeling  of  gentle 
warmth  through  the  body,  was  90-5*^  in  the  feet,  97^  in  the  bunds,  98*'  under 
the  tongue,  and  101°  in  the  urine.  So,  on  another  occasion,  the  temperature 
having  been  66"*  in  the  room,  75"'  in  the  feet,  81"  in  the  hands,  98°  under  the 
tongue,  and  100"  in  the  urine, — after  a  walk  in  air  at  60°  the  temperature  was 
99°  in  the  feet,  9S°  in  the  hands,  98°  under  the  tongue,  and  101-5°  in  the  urine. 

IV'.  The  influence  of  hujc»tion  of  food  upon  the  temperature  of  the  body  has 
not  yet  been  duly  investigated.  Common  experience  leads  to  the  conclusion,  that 
after  a  meal,  as  after  exercise,  there  is  a  greater  warmth  iu  the  extremities;  but 
Dr,  Davy's  observations  show  that,  in  his  own  person,  whilst  in  England,  there 
was  usually  an  appreciuble  depression  immediately  after  dinner,  though  in  Barba- 
does  the  effect  of  a  moderate  meat  was  to  produce  an  elevation.  In  both  ca»e», 
however,  Dr.  D.  observed  that  the  ingestion  of  wint  has  a  positively-depmsing 
influence  on  the  temperature  of  the  body,  which  increases  with  the  quantity 
token ;  and  it  may  have  been  the  constant  employment  of  wine  with  his  dinner, 
which  was  the  real  cause  of  the  depression  observed  in  England.' 

'  This  difference  in  effect  noted  by  Dr.  Davy,  between  a  moderate  quantity  of  wine  talun 
with  dmuer  in  England  and  in  Barbadoeg,  seems  reHdiSy  explicnble  by  the  fact  thkt  the 
prneeuce  of  Alcohol  in  the  blood  diminishes  for  a  time  the  enerf^  of  the  proper  combustiv* 
proeeaa  {\  816  vi).  For  when  the  tciupcr&ture'  of  the  attnoMphere  is  conaiderably  below 
that  of  th«  body,  this  retardation  of  the  combuative  procesa  occaaioucd  by  the  wine  vill 
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V.  The  influence  of  rorUmal  temptrahirf  \t  sufficiently  apparent  in  the  obser- 
vations alrcaciy  cited  ;  Jbr  nliLough  external  cold  may  act  in  a  different  depree  on 
different  individuals,  according  to  their  respective  ages,  powers  of  reeietanco,  &c., 
yet  there  is  ample  proof  that  on  the  whole  a  continued  expoeure  to  it  reduces  the 
temperature  of  the  body  somewhat  below  itn  ordinary  standard,  wIiilBt  continued 
exposure  to  beat  occasions  a  eliphl  elevation  in  the  temperature  of  the  body. 
The  influence  of  cold  ia,  of  coiirse,  most  powerfully  exerted  when  the  body  is  at 
Tvat ;  and  under  such  circunistunces  Dr.  Davy  found  the  lenipcruture  of  bis  own 
body  to  be  reduced,  on  an  average  of  four  observationp,  to  96-7**,  the  averape 
temperature  of  the  surroundinp  air  having  been  37°.  On  comparing  the  bodily 
tetn{>erature  of  different  individuals  workinp  in  rooms  of  various  temperatures  in 
the  same  factory,  Dr.  Davy  found  the  tongue-thermometer  to  rise  to  IDO"  in  one 
nmn,  and  to  100-5  in  another  who  had  been  working  for  eome  hours  in  a  room 
at  92** ;  whllfet  it  was  {}{}°  in  a  vouofr  woman  who  worked  in  a  room  at  73",  and 
only  97 -S"  in  another  who  worked  in  a  temperature  of  60".  —  The  effects  of 
aeaaonal  change  are  less  marked  in  Man,  than  they  are  in  the  iower  animals, 
which  are  more  exposed  to  cxtrenieB  of  temperature;  but  it  seems  priQcipnlly 
exerted  in  modifying  the  heat-producirg  piwer.  For  it  has  been  shown  by  Dr. 
W.  F.  Edwards  (Up.  cit.),  that  warm-blooded  aninials  are  more  ppeedily  killed 
by  extreme  cold  in  eummer  than  in  winter;  and  it  seems  probable,  therefore, 
that  we  are  partly  to  attribute  the  peculiar  chilling  influence  of  a  cold  day  in 
summer,  and  the  oppressiveness  of  a  warm  day  in  winter,  to  the  seasonal  change 
in  the  body  itself;  all  hough  the  efftct  is  doubtless  referable  in  part  to  the  effect 
of  contrast  upon  our  owu  feelings. 

428.  The  usual  Temperature  of  the  body  occapionally  undergoee  considerable 
alteration  iu  disfane  ;  and  this  in  the  way  either  of  increase  or  diminution.  Thu« 
in  maladies  which  involve  an  accekralion  of  pulse  and  a  quickening  of  the  res- 
piration, the  temperature  is  generally  higher  than  usual,  even  though  a  targe 
purtioQ  of  the  lung  iiiuy  be  unfit  for  ita  function.  This  is  often  rcmurkably  feen 
in  the  last  stages  of  phthisis,  when  the  inspirations  are  extremely  rapid,  and  the 
polae  80  quick  as  scarcely  to  admit  of  being  counted;  tlie  skin,  in  such  cases, 
often  becomes  almost  painfully  hot.  On  the  other  hand,  in  diseases  of  the  con- 
trary character,  such  as  '  morbus  ctcruleus/  asthma,  and  cholera,  the  temperature 
of  the  body  falls;  a  reduction  to  78**  having  been  noticed  in  the  former  maladies, 
and  to  67°  in  the  latter.  The  range  oLsen-ed  by  M.  Andral  in  diseases  which 
less  affected  the  calorifying  function,  wtis  from  95°  to  107 ■06*^ ;  and  by  M.  Roger 
(loc.  ciL),  in  diseases  of  ehildren,  from  74H  to  108'5°.  Prof.  Dunglison'  speuks 
of  Laving  seen  the  (Itermouieter  at  IDG'*  in  scarlatina  and  tyjjhus;  and  Dr. 
Francis  Home,*  found  it  to  stand  at  104°  in  two  individuals  in  the  cold  stage  of 
an  intermittent,  whilst  it  afterwards  fell  to  101°,  and  subsequenily  to  99°,  during 
the  sweating  stage.  Dr.  Edwards  mentions  a  case  of  tetanut^,  in  which  the  tem- 
perature of  the  body  rose  to  110}°.  The  following  observations  have  been  made 
on  this  subject  by  M.  Donn4;*  in  a  case  of  puerperal  fever,  the  pulse  being  168, 
and  the  respirations  48  per  minute,  the  temperature  was  104°;  in  a  case  of 
hypertrophy  of  the' heart,  the  pulse  being  150  and  the  respirations  34,  the  tem- 
perature was  103°;  in  a  case  of  typhoid  fever,  the  pulse  being  13G,  and  the 
respirations  50,  the  temperature  was  104°;  and  in  a  case  of  phthisis,  the  pulpe 
being  140,  and  the  rt^pirutions  62,  the  temperature  was  102°^  on  the  other 

allow  the  beftt  of  the  body  to  be  lowered  bv  it,  nolwitbstnnfiiTig  the  tend»ncj  to  incrensed 
HCtiTity  of  th«  circulntiun  itnci  rrspirMtion  wliich  the  didbI  alone  wonld  exert.  In  n  warm 
ckimate,  on  tUe  otfaer  hnnd.  tbe  cooking  influcuce  of  the  external  nir  would  not  l>o  Bufficient 
to  produce  Ibis  reduction  ia  the  teiupernture  of  the  body,  tiDttritbBUtidiiig  the  retarding 
influence  of  the  wiue  upon  the  combu^tive  proccwi. 
'  ••  Hutniui  I'hj-xiologj,"  7th  edit.,  vol.  ii.  p.  2^. 

•  ••  Medical  Facta  ilJ  Eiperiments,"  London,  1759. 

*  ••Arcbiv.  G^n.  de  M^d.,"  Oct.  18;3d:  and  "  Brit,  and  For.  Med.  Eer.,"  vol.  ii.  p.  248. 
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hand,  in  a  case  of  jaundice,  in  wbtch  the  pulse  was  but  52,  the  temperature  vm 
only  9640° ;  but  the  stkiuc  tcmpemture  was  observed  in  a  case  of  diabetes,  in 
wbicb  the  pulse  was  84,  These  limited  observations,  whilst  they  clearly  indicate 
thut  a  (jfheral  relation  exists  between  the  temperature  of  tbe  body  and  tbe 
rapidity  of  the  puke,  also  tihow  that  this  relation  is  by  no  means  invariable,  but 
that  it  is  liable  to  be  affected  by  several  causes,  of  which  our  knowledge  is  as  yet 
very  slight. — It  is  not  a  little  remarkable  that  the  temperature  of  the  body 
should  souietiiuea  rise  considerably  ct/Z^r  death;  and  this  not  merely  in  such 
dlsciises  as  Cholera,  in  which  it  has  undergone  an  extreme  depression  during  the 
latter  part  of  life ;  but  even  iu  the  case  of  febrile  disorders,  in  which  the  tem- 
perature during  life  has  been  above  the  usual  standard.  This  has  been  ascer- 
taiued  by  Dr.  Beonet  Bowler'  of  New  Orleans,  on  the  bodies  of  thoee  yellow- 
ffver  subjects  which  have  already  been  refcrred-Lo  aa  exhibiting  a  remarkable 
degree  of  molecular  life  after  wmatic  death  (§  269).  In  one  case,  for  example, 
thi^  higbest  temperature  during  life  was  in  the  axilla,  104°;  ten  minutea  aher 
death,  it  had  risen  to  109°  in  the  axilla;  fifteen  minutes  afterwards,  it  was  113** 
ill  an  incision  in  tbe  thigh  ;  in  twenty  Qvinutes,  the  liver  gave  112° ;  in  one  hour 
and  forty  aiiuutes,  the  heart  gave  109'',  and  the  thigh  in  the  former  incituon 
109° ;  and  in  three  hours  after  the  removal  of  all  the  viscera,  a  new  incision  in 
the  thigh  gave  110'^.  \i  is  curious  that  the  maximum  heat  observed  after  death 
should  have  been  in  the  tbigb,  and  the  minimum  in  the  brain;  as  is  shown  io 
the  following  table  of  the  highest  amount  of  temperature  noted  in  eight  differeot 
regions  in  five  subjects  -.- — 


Thifih. 

Epigattrivm, 

Jtiaa, 

Chut. 

IltaH. 

A-oiii. 

Jitdum. 

L4Mr. 

IIS^ 

111" 

loyo 

107° 

109° 

102° 

111° 

112° 

109O 

11(P 

loy 

iOG-5° 

106° 

101° 

109° 

109° 

109" 

109" 

108° 

106° 

]05° 

101° 

107° 

108° 

109' 

lOS" 

108° 

im" 

104° 

100' 

107° 

107° 

108» 

109° 

107° 

]Ofi° 

104° 

99° 

106° 

106° 

Mean    109-6°       109(3°       108-2°       106-1°        !W>-e°       100  6° 


108° 


108 '4« 


4li9.  Although  there  appears  to  be,  for  all  kinds  of  animals,  a  distinct  limit 
to  tbe  variations  of  bodily  temperalure,  under  which  their  vital  operations  cud 
be  earned  or,  this  limitation  does  not  prevent  certain  species  from  existing  in 
the  midst  of  great  diversities  of  extcrnut  conditions;  since  they  have  within 
themselves  the  power  of  conipensatiug  for  these,  in  a  very  extraordinary  degree. 
This  power  seenia  to  exist  in  Man  to  a  higbcr  amount  than  in  most  other  animals; 
since  he  can  not  only  support,  but  enjoy  life,  under  extremes  of  which  either 
would  be  fatal  to  many.  In  many  part.s  of  the  tropical  zone,  the  thermometer 
rises  every  day,  through  a  large  portion  of  the  year,  to  110";  and  in  British 
India,  it  is  said  to  be  seen  occasionally  at  180°.  €>o  the  other  hand,  the  degree 
of  cold  frefjuently  sustained  by  Arctic  voyagers,  and  quite  endurable  under 
proper  precautions,  appears  much  more  astonisbing;  by  Captain  Parry,  the  ther- 
inoineter  hag  been  shown  as  low  as  —  55°,  or  87°  biflow  the  frt'ezing  point;  by 
Captain  Fmnklin  — 58°,  or  90°  below  the  freezing  point;  aqd  by  Captain  linck 
Bt  — 70°,  or  102°  below  the  freezing  point.  In  both  cases,  the  eSfct  of  the  at- 
mospheric temperature  on  the  body  is  greatly  influenced  by  the  condition  of  the 
air  as  to  motion  or  rest :  thus,  every  one  has  Sieard  of  tbe  almost  unbearable 
oppressiveness  of  the  'sirocco'  or  hot  wind  of  Sicilly  and  Italy,  the  actual  tem- 
perature of  which  is  not  higher  than  has  often  been  experienced  without  nny 
great  discomfort,  when  the  air  is  calm ;  and^  on  the  other  side,  it  may  be  meo- 
tioHcd  that,  in  the  experience  of  many  Arctic  voyagers,  a  temperature  of — 50^ 
may  be  sustaiued,  wheo  the  air  is  perfectly  still,  with  less  inconveuience  than  u 
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ctnsed  by  air  in  motion  at  a  temperature  fifty  degrees  higher.^     This  is  qaite 
cooformaLle  to  what  might  be  anticipated  on  physical  principles, 

430.  A  pain,  the  depree  of  moisture  contained  in  a  heated  atmosphere,  tnakea 
a  great  difference  in  the  degree  of  elevation  of  temperature,  wliich  inny  be  sus- 
tained without  inconvenience.  Many  instances  are  on  record,  of  a  heat  of  from 
250°  to  280°  being  endured  in  dry  air  for  a  considerable  length  of  time,  even  by 
pcnons  nnaccostomed  to  a  particularly  high  temperature;  and  persons  whose 
occupations  are  snch  ns  to  require  it,  can  sustain  a  much  higher  degree  of  heat, 
though  not  perhaps  for  any  long  period.  The  workmen  of  the  late  Sir  F,  Chan- 
trey  were  aecuBtomed  to  eater  a  furnace  in  which  bia  moulds  were  dried,  whilst 
the  floor  was  red-hot,  and  a  thermometer  in  the  air  stood  at  350**;  and  Chabert 
the  "  Fire-king,"  waa  in  the  habit  of  Entering  an  oven  whose  temperature  was 
from  400**  to  600°.*  It  is  possible  that  these  feats  might  bo  easily  matched  by 
many  workmen  who  are  habitually  exposed  to  high  temperatures;  such  as  those 
employed  in  Iron-fonndries,  Glass-houses,  and  Gas-works.  In  all  these  instances, 
the  dryness  of  the  air  facilitates  the  rapid  vaporization  of  the  fluid,  whose  secre* 
tion  by  the  Cutaneous  glnndulao  is  promoted  by  heat  applied  to  the  surface;  and 
the  large  amount  of  caloric  which  is  consumed  in  this  change,  is  for  the  most 
part  withdrawn  from  the  body,  the  temperature  of  which  is  thus  kept-down. 

431.  Exposure  to  a  very  elevated  temperature,  however,  if  continued  for  a 
sufficient  length  of  time,  does  produce  a  certain  elevation  of  that  of  the  body ;  as 
might  be  expected  from  the  statements  already  made,  in  regard  to  the  variation 
in  the  heat  of  the  body  with  changes  in  atmrjsphoric  temperature  (§  427).  In 
the  experiments  of  MM.  Berger  and  Delaroche,^  it  was  found  that,  after  the 
body  had  been  exposed  to  air  of  120°  during  17  minutes,  a  thermometer  placed 
in  the  mouth  rose  nearly  7"  above  the  ordinary  temperature ;  it  may  be  remarked, 
however,  that  as  the  body  was  immersed  in  a  close  box,  from  which  the  head  pro- 
jected (in  order  to  avoid  the  direct  influence  of  the  heated  air  on  the  temperature 
of  the  mouth),  the  air  had  probably  become  charged  with  the  vapour  exhaled 
from  the  surface,  and  had  therefore  somewhat  of  the  effects  of  a  moist  atmo- 
sphere. At  any  rate,  the  temperature  of  the  body  does  not  appear  to  rise,  under 
any  circumstances,  to  a  degree  very  much  greater  than  this.  In  one  of  the  ei- 
perimenta  of  Drs.  Fordyce  and  Blagden,*  the  temperature  of  a  Dog,  that  had 
been  shut-up  for  half-an-honr  in  a  chamber  of  which  the  teuiperature  was  between 
220°  and  236°,  was  found  to  have  risen  from  101°  to  about  108°.  MM.  Dela- 
roche  and  Berger  tried  Beveral  experiments  on  different  species  of  animals,  in 
order  to  ascertain  the  highest  temperature  to  which  the  body  could  be  raised 

*  The  Author  ha«  been  informed  by  Sir  John  Richardaon,  that  b  his  last  Arctic  Expedi- 
tion, whilst  at  winter-quarters,  he  was  aocuBtomed  to  go  from  his  sitting-rooin  to  the  mag* 
aedc  observatory  at  n  short  dislnnce  (about  an  ordinary  streetV  breadtb),  without  feeling 
it  neceeskry  even  to  put  en  ft  great-coat;  although  the  tcinpernhire  of  the  fomier  was 
about  50°,  and  that  of  the  air  through  which  he  had  to  pns8  to  the  latter  wat* — &Q°,  the 
difference  being  100".  This  immunity  from  chilling  influence  wu«  chiefly  attributable  to 
the  dryntit  and  tiiUneu  of  (he  atmoBphere :  but  it  is  worthy  of  note  that  Sir  J.  R.  and 
the  whole  of  his  party  on  this  expedUion,  abstained  entirely  from  alcoholic  liquors ;  and 
tb«  Author  baa  received  his  personal  sssuraBce,  that  hia  experience  on  this  occasion  fully 
bore-out  hia  previous  conviction,  that  continued  severe  cold  is  mucA  beUtr  borne  without 
recourse  to  these  liquors,  than  under  the  employment  of  them. 

*  The  wonderful  feat*  performed  by  many  individnalfl  from  time  to  time, — of  dipping 
the  hand  into  melted  lead,  laying  hold  of  a  red-hct  iron,  &c., — have  been  recently  shown 
by  M.  de  Boutigny  to  be  explicable  upon  very  simple  priuciples.  For  in  all  such  ca«efl,  a 
thin  film  of  aqueous  fluid  in  the  '  fipherionl  state'  intervenes  between  the  skin  and  the  heated 
sarface ;  and  a  hand  which  is  naturally  damp,  or  which  has  been  slightly  moistened,  may 
be  safely  passed  into  the  stream  of  mcflen  iron  as  it  flows  from  the  furnHce;  ae  wasifemoD- 
vtrated  by  M.  de  Boutigny  at  the  meeting  of  the  British  Association  at  Ipswich  in  1&61, 

*  "Experiences  sur  les  Fffets  qu'une  forte  Ctialeur  produit  sor  rEconomJe;"  Paris, 
1806  :  and  "Journal  dc  I'hysique,"  tomee  Ixiii.,  Ixxi.,  et  IxzviL 

*  ••  Pbiloaoptucal  Trauaactions,"  1775. 
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witljout  tlie  dcstrnction  of  life,  by  inclosinj;  them  in  air  heated  from  122* 
201°,  until  thoy  died  :  the  result  was  very  uniform,  the  temperature  of  the 
at  the  end  of  tha  experinietit  only  varjTns;  in  the  different  species  betweeo  iW 
and  13'^  above  their  natural  standard  :  whence  it  may  be  inferred,  that  an  ele^ 
tion  to  thisde^^e  must  be  fatal.     Tliis  elevation  would  be  attained  comparatiTel 
soon  io  a  min'»t  atmnspKerc;  partly  because  of  the  greater  conducting  power 
the  medium,  but  principnlly  on  account  of  the  check  which  ia  put  upon  the  vap 
riMtion  of  the  fluid   secreted  by  the  skin.     Even  here,  however,  oostom  ai 
acquired  constitution  have  a  very  striking  influence;  for  whilst  the  inhabitanl 
of  tliiij  country  are  unaye  to  sustain,  during  more  than  10  or  12  minu'es,  it 
mersion  in  a  vaponr-bath   of  the  temperature  of  11 0**  or  1*20°,  the  Finnia 
peasantry  remain  for  half  an  hour  or  more  in  a  vapour-bath  whose  temperatul 
finally  rises  even  to  158°  or  1H7^. — Accurate  experiments  are  yet  wanting, 
determine  the  influence  of  humidity  on  the  effects  of  cold  air.     From  exper 
meTits  on  young  Uirds  incapable  of  maintaining  their  own  temperature,  of  i^bich 
some  were  placed  in  cold  dry  iiir,  and  others  in  cold  air  charged  with  moisture, 
it  was  found  by  Dr,  Edwards  tliut  the  loss  of  heat  was  in  both   instanccH  the 
same ;  the  effect  of  the  evaporation  from  the  surface  in  the  former  case,  being 
counterbalanced  in  the  latter  by  the  depressing  influence  of  the  cold  moistnre. 
This  influence,  the  existence  of  which  is  a  matter  of  ordinary  experience,  is  pro- 
bably exerted  directly  upon  the  Nervous  system. 

482.  Having  thus  considered  the  general  facta  whicli  indicate  the  faculty  pos- 
sessed by  the  living  system,  in  Man  and  the  higher  Annals,  of  keepiog-np  iti 
temperature  to  an  elevated  siandurd,  and  of  preventing  it  from  being  raised  muck 
bej'ond  it  by  any  dejiree  of  cxtenial  heat,  we  have  next  to  inquire  to  what  this 
faculty  19  due.' — It  may  be  stated  as  a  general  fact,  that  every  change  in  the 
condition  of  the  organic  componeuta  of  ihe  body,  in  which  their  elements  enter 
into  new  combiuationa  with  Uxygea,  must  be  a  Fourco  of  the  development  of 
Heat.  And  as  we  have  seen  that  a  considerable  part  of  the  carbonic  acid  and 
water  which  arc  cxbnkd  in  Respiration,  is  formed  within  the  body  by  the  meta- 
niorphosis  of  its  own  tissues,  and  that  this  raetamorpbosts  ts  promoted  by  the 
active  exercise  of  the  nervo-muscular  apparatus,  it  follows  that  in  animals  whoM 
habits  of  life  are  peculiarly  active,  whilst  the  tempenture  of  the  surroundinjr  me- 
dium is  sufficiently  high  to  prevent  its  exerting  any  considerable  cooling  influence 
over  them,  tho  combusstive  prwess  thus  maintained  may  be  adequate  for  the 
maintenance  of  the  temperature  of  the  body  at  its  normiU  standard.  This  seemi 
to  be  the  CB?e  with  the  great  Carnivorous  quadrupeds  of  warm  climates,  and  with 
certain  races  of  Men  vtho  lead  a  lite  of  incessant  activity  like  theirs.  But  when- 
ever the  cooling  influence  of  the  atmosphere  is  greater,  or  the  retrograde  meta- 
morphosis of  tissue  takes  place  with  less  activity,  some  further  supply  of  beat- 
producing  material  is  required;  and  this  is  derived  either  directly  from  the  food, 
ur  from  a  store  previously  laid  up  in  the  body.  Although  the  albuminous  and 
gelatinous  components  of  the  food  may  be  made,  by  decomposition  within  the 
budy,  to  yield  saccharine  and  oleaginous  compounds  which  serve  as  an  immediate 
pabulum  to  the  combustive  prucess  (§  402),  yet  this  metamorphosis  involves  s 
great  waste  of  valuable  nutritive  material ;  and  the  needed  supply  is  much  more 
advantageously  derived  at  once  from  those  farinaceous  or  oleaginous  substances, 
which  are  furnished  in  abundance  by  the  Vegetable  kingdom,  the  latter  also  bj 
the  Animal  (§  54).  No  reasonable  doubt  can  any  longer  bo  entertained,  that  tl 
production  of  Ileal  by  the  combustive  process  is  the  purpose  to  which  these  sut 

'  It  was  affirmed  by  Dr.  Gr»nville  ("  Phil.  Trwis.,"  1825)  that  the  temperature  of  ihe 
uterus  during  parlurirton  soaictimea  ritios  as  high  as  120*^.  In  sotuQ  observstionB  made  at 
tlie  rhikdelpLin  Hunpitat,  hovevvr.  nt  the  deairv  of  Prof.  IlungHson,  the  tetnperutare  of 
the  uterus  vaa  not  fnuud  to  be  tnucli  above  that  of  the  rngina ;  the  former  being,  in  tlirt^ 
ouses^  lOO*.  102°,  »tMi  106",  whilst  the  latter  waa  IW,  lOO",  and  105°.  (Prof.  DuoglifJ 
sou's  '■  Humaa  Physio  log;,"  7th  edit,  vol.  ii.  p.  226.) 
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stances'  are  destined  to  be  Bubserrient  in  the  bodies  of  HerbirorouR  animals  and 
of  Man  ;  and  the  result  of  experience  ia  repird  to  tlieir  relative  beat-producing 
powers,  are  in  precise  accordance  with  the  indtcationB  afforded  by  their  chemical 
composition. 

4^3.  Our  knowledge  of  the  dependence  of  all  the  vital  processes  in  warm- 
blooded animala  upon  the  Ileait  of  their  bodies,  and  of  the  dependence  of  their 
calorifying  power  upon  the  due  fiupply  of  material  for  the  combustive  procesp, 
bos  received  some  remarkable  additions  from  the  experiments  of  M.  ChwBat  upon 
Starvation/  He  foivnd  that  Birds,  when  totally  deprived  uf  food  and  drink,  suf- 
fered a  progreesive,  though  slight,  daily  diminution  of  t^'Uipcrature.  This  dimi- 
nution was  not  so  much  shown  by  a  fall  of  their  maximum  heat,  as  by  an  increase 
in  the  diurnal  variation,  which  he  ascertained  to  occur  even  in  the  normal  state 
(§  427  ii).  The  average  variation  in  the  iuanuiatfd  state,  was  about  6**  (instead 
of  l^**)*  gradually  increasing  as  the  animal  became  weaker;  moreover,  the  gra- 
dnal  rise  of  temperature,  which  should  have  taken  place  between  midnight  and 
noon,  was  retarded;  whilst  the  fall  subsecjuently  to  noon  commenced  much  ear- 
lier than  in  the  healthy  state;  so  that  the  average  of  the  whole  day  was  lowered 
by  about  4i**,  between  theyrVsC  and  iha  penu/fimate  days  of  this  condition.  On 
the  last  day,  tbe  production  of  heat  diminished  very  rapidly,  and  the  thermometer 
fell  from  hour  to  hour,  until  death  supervened ;  the  whole  loss  on  that  day  being 
•bout  25°  Fahr.j  making  the  total  depression  about  29  i°.  This  depression 
appears  from  the  considerutions  to  be  presently  stated  to  bo  the  immediate  cause 
of  Death. — On  examining  the  amount  of  loss  sustained  by  the  different  organs 
of  the  body,  it  was  found  that  93  per  cent,  of  tbe  Fat  had  disappeared;  being 
all,  in  fact,  which  could  be  removed ;  whilst  the  nervous  centres  scarcely  ex- 
hibited any  diminution  in  weight  (§  70).  From  the  constant  coiDcidence  between 
the  entire  consumption  of  the  fat,  and  the  depression  of  temperature, — joined  to 
the  ftct  that  tbe  duration  of  life  under  the  inanitiuting  process  evidently  varied 
(other  things  being  equal)  with  the  amount  of  fat  previously  accumulated  in  the 
body, — the  inference  seems  irresistible,  that  the  calorifying  process  depended 
chiefly,  if  not  entirely,  on  the  materials  supplied  by  this  substance.  Whenever, 
therefore,  tbe  store  of  combustible  matter  in  the  system  was  exhausted,  the 
inanitiated  animals  died,  by  the  cooling  of  their  bodies  eoDsequent  upon  the  loss 
of  calorifying  power, 

434.  That  this  is  the  real  explanation  of  the  fact,  was  shown  by  the  results  of 
a  Mries  of  very  remarkable  ezperinients  performed  by  M.  Chossat,  with  the  pur- 
pose of  testing  the  correctness  of  this  view.  When  inanitiated  animals,  whose 
death  seemed  impending,  (death  having  actually  taken  place  in  several  instances, 
whilst  the  preliminary  processes  of  weigbing,^  tbe  application  of  the  thermometer, 
Ac,  were  being  performed),  were  subjected  to  artificial  heat,  they  were  almost 
uniformly  restored,  from  a  state  of  insensibility  and  want  of  muscular  power,  to 
a  condition  of  couiparative  activity;  their  temperature  rose,  their  muscular  power 
returned,  they  flew  about  the  room,  and  took  food  when  it  was  presented  to  them; 
and  if  the  artificial  as.sistunce  was  sufficiently  prolonged,  and  they  were  not  again 
subjected  to  the  starving  process,  most  of  them  recovered.  If  they  were  left  to 
themselves  too  early,  however,  the  digestive  process  was  not  performed,  aud  they 
ultimately  died.  Up  to  tbe  time  when  they  began  to  take  food,  their  weight 
continued  to  diminish ;  the  secreiions  being  renewed,  under  the  influence  of  arti- 
ficial heat,  sometimes  to  a  considemble  amount.  It  was  not  until  digestion  bod 
actually  taken  place  (which,  owing  to  the  weakened  functional  power,  was  com- 
monly many  hours  Fubi^etjuently  ti  the  ingestion  of  tbe  food),  that  the  animal 
regained  any  power  of  generutiug  heat  j  so  that,  if  the  external  source  of  teat  was 
withdrawn,  the  body  at  once  cooled  :  and  it  was  not  until  the  quantity  of  food 
actually  digfittd  was  sufficient  to  suppcjrt  the  wants  of  ttic  body,  that  its'  ind^ 

•  <•  B«ob4>rohes  Exp^rinientaleB  sur  I'lunaitioo,*^  Paris,  184S;  an  analyaia  of  this  worlfc 
will  be  found  in  tlio  "  Brit,  and  For.  Med.  Kev.,"  April,  1B44 
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pendent  power  of  calorification  returned.  It  is  to  be  remembered  thai,  in  such 
oases,  the  resources  of  the  body  are  on  ibe  point  of  being  completely  exfaao&ted, 
when  the  attempt  at  re-animatiun  is  made;  consequently  it  has  nothing  what- 
ever to  fall-back  upon  j  and  the  leaving  it  to  itself  at  any  time  until  fresh 
ri'sourcos  have  been  provided  ibr  it  is  consequently  as  certain  a  cause  of  death, 
us  It  would  have  been  in  the  first  instance. 

435.  It  can  scarcely  be  questioned,  from  the  similarity  of  the  phenomena, 
thai  Inanitiation,  with  its  consequent  depression  of  temperature,  is  the  Lmmfl 
diate  cause  uf  death  in  various  diseases  of  Exhaustion :  aod  it  seems  probable 
that  there  are  many  cases,  in  which  the  depressing  cause  is  of  a  temporary 
nature,  and  in  which  a  judicious  and  timely  application  of  artificial  heat  might 
prolong  life  until  it  has  passed-off,  just  as  artihcial  respiration  is  serviceable  in 
cases  of  narcotic  poisoning  (§  224).  It  is  especially,  perhaps,  in  those  forms  of 
Fever,  in  which  no  decided  lesion  can  be  dit<oovered  after  death,  that  this  view 
has  the  strongest  claim  to  receplion ;  and  the  beneficial  result  of  the  admioistra> 
tion  of  Alcohol  in  such  conditions,  and  the  large  amount  in  which  it  may  be 
given  with  impunity,  may  probably  be  accounted-for  on  this  principle.  That  it 
acts  as  a  specihc  stimulus  to  the  Nervous  system,  cannot  be  doubted,  from  its 
effects  on  the  healthy  body ;  but  that  it  serves  as  a/uel  to  keep-up  the  calorifyinK 
process,  appears  equally  certain.  Its  great  efficacy  in  sach  cases  seems  to  depend 
ufKin  the  r^udiocss  with  wbich  it  will  be  taken  into  the  circulation,  by  a  simple 
act  of  endosmotic  imbibition,  when  the  special  Absorbent  process,  dependent 
upon  the  peculiar  powers  of  the  cells  of  the  villi  (§  121),  is  in  ubeyauce.  Tbe«e 
is  no  other  combustible  fluid,  whose  miscibility  and  density,  relatively  to  that  of 
the  Blood,  will  permit  of  its  rapid  absorption  by  the  simple  physical  proeoi 
odverted-to.' 

4'H}.  That  the  oxidation  of  certain  components  of  the  food  or  of  the  tissues  is 
the  fundamental  source  of  Animal  Heat,  is  further  indicated  by  the  cloae  oon- 
fortnity  which  we  everywhere  find,  between  the  activity  of  the  Respiratory  pro- 
cess and  the  amount  of  Heat  which  is  generated  ;  and  this  not  merely  when  we 
(■ompare  different  tribes  of  animals  with  each  other,  bat  also  when  we  compan 
the  amount  of  oxygen  absorbed  and  of  carbonic  acid  exhaled  by  the  same  indi- 
viduals under  different  degrees  of  external  temperature  (§  31(i  l).  For  we  find 
that  the  system  possesses  within  itself  a  regulating  power,  by  which  the  combus- 
tjve  process  is  augmented  in  activity  when  the  cooling  influence  of  the  surround- 
ing medium  is  considerable,  so  that  this  influence  is  resisted;  whilst  the  internal 
lire  (so  to  speak)  is  slackened,  whcQever  the  temperature  of  the  outer  air  rises 
BO  much,  as  to  render  the  same  generation  of  heat  no  longer  requisite.  The 
appetite  for  food,  and  especially  for  those  particular  forms  of  it  which  best  afford 
the  combustive  pabulum,  varies  in  the  same  degree ;  and  thus,  when  supplied 
with  appropriate  nutriment,  Man  is  able  to  brave  the  severest  cold,  without  vnf- 
fering  any  considerable  depression  in  his  bodily  temperature.  —  It  would  seem 
that  the  Cutaneous  liespiration  (§  317),  small  as  its  amount  is,  promotes  thoM 
molecular  changes  on  which  the  maintenance  of  Animal  Ileat  depends;  for  it 
'Was  found  by  MM.  Becquerel  and  Breschct,'  that  when  the  hair  of  Kabbits  was 
|ihuved-off,  and  a  composition  of  glue,  suet,  and  resin  (forming  a  coating  imper- 
'  liieable  to  the  air)  was  applied  to  the  whole  surface,  the  temperature  rapidly  fell, 
notwithstanding  the  obstacle  thus  offered  to  the  evaporation  of  the  sweat, 
whereby,  it  might  be  supposed,  the  temperature  of  the  body  would  be  consider- 
ably elevated.  In  the  first  rabbit,  which  had  a  temperature  of  10U°  before  being 
shaved  and  plastered,  it  had  fallen  to  H^^*^  by  the  time  the  material  spread  over 

*  Tho  Author  bas  stated  the  verj  Krikiog  rwults  of  obserrations  which  he  has  bad  tl>« 
opportunity  of  niMking  upon  this  point,  in  his  Easay  "  The  Phj'giology  of  Temperance  and 
Total  AbsJinencc,"  J  '2l'i. 

*  "  Comptes  RcDdua,"  Oct  184L  These  experiments  have  been  repeated  and  coDfinned 
ny  Mugeodie  ("G-azette  M^dicale,"  Deo.  6,  1843). 
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him  was  dry.  Ad  hour  afterwards,  the  tbermonietcr  placed  In  llie  same  parte 
(the  TDUSclcfi  of  the  ihigh  and  chest)  had  rlfccended  to  76"*  In  nnother  rabbit, 
prepared  with  more  care,  by  the  time  that  the  plaster  was  dry,  the  teuipeniture  of 
the  body  was  not  more  than  ftj"  nbove  that  of  tlie  fiunrnndinfr  medium,  which 
wu  at  tbnt  time  69J°;  nnd  in  an  hour  after  tbii*,  the  aniuial  died.- — These  ex- 
periments place  in  a  very  strikirjg:  point  of  view  the  importance  of  the  cufancotiB 
surface  aa  a  respiratory  organ,  even  in  the  hipher  animalB;  and  they  enable  us 
to  understand  how,  when  the  aerating  power  of  the  Lungs  i*  nenrlj  destroyed  by 
disease,  the  heat  of  the  body  is  kept-iip  to  its  nitturAl  Btflndard  by  the  action  of 
the  Skin.  A  valuable  therapeutic  indicntion,  also,  is  derivable  from  the  know- 
ledge which  we  thus  gain,  of  ihe  importance  of  the  cutaneous  respiration  j  for 
it  leads  us  to  perceive  the  desirableness  of  keeping  the  skin  moist,  in  those 
febrile  diseases  in  which  there  is  preat  heat  nnd  drynesa  of  the  purface,  eince 
aenitioD  cannot  properly  take  place  through  a  dry  membrane.  Of  the  relief 
afforded  by  cold  or  tepid  sponging  in  such  cases,  experience  has  given  ample 
evidence. 

437.  It  has  been  held  that  the  Chemical  theory  of  Calorificotinn  is  insufficient 
to  account  for  the  total  amount  of  Heat  generated  by  a  warm-bloodt^d  animal  in 
a  given  time  ;  this  assertion  bein^r  founded  upon  the  experimental  results  obtained 
by  M.  Dulong,  MM.  Fabre  and  SilbermaiiD'  have  phown,  however,  that  the 
original  estimaites  require  correction  for  the  true  calorific  equivalents  of  carbon 
and  hydrogen ;  and  that  this  correction  having  been  made,  the  heat  produced  by 
the  coruhustion  of  the  Carbon  which  is  contained  in  the  carbonic  acid  expired, 
and  by  the  combustion  of  such  a  proportion  of  the  Hydrogen  contained  in  the 
exhaled  water  a.n  may  be  fairly  considered  to  have  undergone  oxygenation  within 
the  system  (§  321),  proves  to  be  ndei^uiite  to  compensate  for  that  which  would 
be  dissipated  by  the  evaporation  of  all  the  water  transpired  from  the  pkin  and 
lang]i,  and  also  to  maiatuin  the  tcmpeniture  of  the  body  itself  in  an  atmosphere 
of  ordinary  coolness.  And  to  the  eombuption-heat  of  carbon  and  liydrogen,  we 
tbould  also  add  that  of  those  relatively-minute  quantities  of  I'hosphorus  and  Sul- 
phur, which  also  undergo  oxidation  within  the  system  (^  414),  wliereby  a  small 
additional  amount  of  heat  muet  be  generated. — Through  whatever  diversity  of 
combinations  or  successive  stages  of  uxidutiou  these  elements  respectively  pass, 
in  their  progreRs  to  complete  or  final  oxidation,  it  may  be  regarded  as  an  indis- 
putable fact,  that  they  yive-out  prei-iiely  the  gome  amount  of  heat  in  the  u-hole, 
€U  if  they  hnd  uiuhryone  the  mmt  ropid  rombusfimi  in  pure  oxygen  ;  and  thus 
we  may  look  to  almost  every  molecular  change  in  the  body,  although  pre-emi- 
neotly  to  tboee  which  are  concerned  in  the  <lismteffra(itm  of  its  textures  and  in 
the  elimination  of  their  products  by  Respiration,  as  participating  in  the  function 
of  Calorification. 

438.  It  cannot  be  denied,  however,  that  there  are  certain  phenomena  which 
seem  at  first  sight  to  be  completely  opposed  to  this  doctrine,  and  which  can 
soarcely  be  explained  in  accordance  with  it,  ^ave  by  a  considerable  modification  in 
OUT  usual  ideas.  The  class  of  fweta  to  which  reference  is  here  made  are  those 
ivhioh  indicate  that  the  Nervous  System  has  a  very  important  concern  in  the 
process,  and  that  it  is,  in  fact,  one  of  the  immediate  inf-truments  in  the  develop- 
ment of  heat.  Thus  it  was  experimentally  shown  by  Sir  B.  Brodie,*  that  when 
the  Brain  is  cut-off  from  the  spinal  cord,  or  its  functions  are  suspended  by  the 
agency  of  a  narcotic,  and  artificial  respimtion  is  practised,  so  that  the  circulation 
is  maintained,  the  body  cot  only  loses  beat  rapidly,  but  may  even  cool  more 
rapifHy  than  the  body  of  an  animal  similarly  treated,  but  in  which  artificial 
respiration  is  not  performed.  Now  it  is  certainly  true,  as  was  subsequently 
pointed-out  by  Drs.  Wilson  Philip  and  Hflstiogs,'  and  by  Dr.  C.  Willianis,"  that 

*  See  their  Memoir  '  De«  Chaleurs  d*>  Cotnlmstvon,'  in  "Corupt.  Rend.,"  torn,  xx.,  xxii. 

•  ••  PhUoiophicnl  Transnctions. "  1811.  18]i!;  nnd  "  Phjsiolopcal  Researches," 

*  See  Dr.  Wilson  Philip's  **  Experimental  Enquiry  into  tbe  Laws  of  tlie  Vita!  FunctioDS," 
8rd  edit.,  p.  ISO. 

•  •'Ediub.  Med.-CLlr.  Trans.,"  toI.  ii.,  p.  192. 


416 


IVOLLTION   OF  HEAT     LIGHT,    AND    ELECTRICITY. 


eifcct  of  the  artificial  performance  of  respinttion  depends  in  Bome  degrM 
1  the  mode  in  which  it  is  accotufdished ;  for  that  if,  as  in  most  of  Sir  B. 
trodie's  experiineDtS;.  the  imsufflutioD  be  repeated  SO  tinaes  or  more  in  a  mionte, 
the  cooling  effect  of  the  air  thus  tntroduced  is  greater  than  the  warming  effect 
of  the  imperfect  respiratory  change  to  whith  it  becomes  snhsorrient ;  wLilht  if 
the  inaufflatioD  be  rejieated  only  12  tioiea  id  a  minute,  the  cooling  of  the  body, 
as  compared  with  that  of  a  body  in  which  the  cireublion  is  not  thus  maintained, 
i&  retarded,  instead  of  being  accelerated.  But  still  it  is  evident  from  Sir  B. 
Brodie's  experiments,  that  tLe  withdrawfll  of  the  influence  of  the  Encephalon 
Las  a  positively-depressing  effect  upon  the  Calorific  function  ;  for  the  rapid  fall 
of  temperature  took  place  even  in  cases^  in  which  the  amount  of  carbonic  acid 
exhaled  during  the  performance  of  artificial  respiration  was  fully  equal  to  (be 
Durnial  quantity;  and  the  subsequent  experiments  of  MM.  Le  Oallois'  aud 
Chofflsat'  are  decidedly  confirmatory  of  this  conclusion,  whilst  they  extend  it  lo 
Other  lesions  of  the  Nen'ous  centres,  the  influence  of  wbich  upon  the  calorific 
fuuction  appears  to  be  proportionul  to  their  severity.' — Various  pathological  phe- 
nomena, moreover,  indii-ate  that  tbe  withdrawal  of  nervous  influence  from  bdv 
part  of  the  body  usually  lends  to  produce  a  depression  of  its  temperature,  and 
(his  espetially  in  the  extremities;  thus  Mr.  H.  Earle*  found  the  tenoperature  of 
paralysed  limbs  slightly  lower  than  that  of  sound  limbs;  so  Prof.  DuuglisoD  has 
notictid  thut  in  one  ca.<ie  of  hemiplegia  of  five  montba'  standing,  the  temperatuiv 
of  tbe  axilla  was  90J*'  on  the  sound  side,  and  96®  on  tbe  paralysed  ;  whikt  that 
of  the  haind  was  87"  on  the  sound  aide  and  only  79J°  on  the  paralysed ;  and  m 
another  case  of  only  &  fortnight's  duration,  the  temperature  of  the  axilla  was  100^ 
un  the  sound  «ide,  and  only  OHi°  on  tbe  paralysed,  whilst  that  of  the  hand  was 
94°  on  the  sound  side,  and  90"  on  the  paralysed.* 

439.  It  is  a  remarkable  fact,  however,  that  the  disturlmnce  of  temperature 
produced  by  severe  injuries  of  the  Nervous  system,  occaeiomillly  shows  itself  in 
the  opposite  direction.  Thus  it  has  been  noticed  by  many  experimenters,  tbat 
one  of  (he  first  effects  of  division  of  the  spinal  cord  in  the  Imck,  in  warm-blooded 
animal.s,  is  to  raise  the  temperature  of  |^e  posterior  part  of  the  body,  this  elers- 
tioo  continuing  for  some  hours.  A  case  is  recorded  by  Sir  B.  Brodie,  in  whirh, 
the  spinal  cord  having  been  so  seriously  injured  in  the  lower  part  of  the  cervical 
region  tbat  the  whole  of  the  nerves  passing-off  below  were  completely  paralysed, 
the  beat  of  the  body,  as  shown  by  a  thermometer  placed  on  the  inside  of  tbe 
groin,  was  not  less  thau  IIP;  and  this  notwithst^mding  tbat  the  respiratory 
function  was  very  imperfectly  performed,  tbe  number  of  inspirations  being  coo- 
siderably  reduced,  and  the  cuuntenance  being  livid.*  And  Prof.  Dungliscm  state* 
that,  notwithstanding  the  usual  depression  of  the  thermometer  on  the  hemiplegio 
side,  it  is  not  unfrequently  found  to  be  more  elevated  than  on  the  sound  side.' 
According  to  the  recent  experiments  of  M.  0\.  Bernard'  it  appears  tbat  an  ele- 
vation of  temperature  c(m.<<tantly  takes  place  on  one  side  of  the  face,  when  tfao 
trunk  whieb  unites  tbe  Sympathetic  gunglia  of  tbe  neck  on  that  side  is  cut 
through  ;,  this  increase  being  not  only  perceptible  to  the  touch,  but  showing  itself 
by  a  tht;rmometer  introduced  into  the  nostrils  or  ears,  even  to  the  extent  of  from 
7"  to  11"  Fahr.  When  the  superior  cervical  ganglion  is  removed,  the  same 
effect  la  produced,  and  with  greater  intensity.  This  difference  is  maintained  for 
many  months,  and  is  not  apparently  connected  with  the  occurrence  of  infiani- 
matioD,  congestion,  oedema,  or  any  other  pathological  change  in  the   lissoci, 

*  •' AnoaleB  deChlmie,"  1817;  and  ^' (Eurrca  de  M.  Le  QalloiB,"  torn.  ii. 

*  •'  Mtimoira  Bur  rinfliience  de  8y8t«5ine  Nervcux  but  la  Cbaleur  Animale." 

*  •'  Medico-Cfairurgiical  Trniisiictions,"  •vol.  vii. 

*  •*  Human  Phjaiology,"  7th  edit.  toI.  ii,  p.  238. 
'  ''Medical  Gazette."  June,  IB^iG;  and  "  Fhjaiological  Reiearchea,"  p.  ISL 

*  "  Amer.  Med.  liilelligeuoer,"  Oct.  18,  1888. 
'  •'tiatette  M^dicaJe,"  Fkit.  21,  1862. 
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aensibility  of  the  parts  thus  affected  ia  bo  less  aupmentoct  than  their 
Temperature ;  moreover,  it  is  not  prevented  from  manifesting  itself  by  the  divi- 
sion of  any  of  the  cerehro-spinal  nerves  of  the  face.  The  fact,  however,  appears 
lo  be  soffitiently  esrplaim^d  by  the  relaxntion  of  the  walls  of  the  Bmaller  arteries 
(producing  a  state  resembliog  a  pertuunent  *  blush  ').  and  the  consequent  increase 
in  the  afflux  of  blood  to  the  part,  which  has  been  shown  by  Dr.  Aug-  Waller  to 
resail  from  this  operation.     (See  §  257.) 

[Dr.  Brown-Sefjuard  has  oDserved  the  same  remarkable  phenomena  as  those 
detailed  by  M.  CI.  Bernard,  but  he  repards  them  as  mere  results  of  the  paralysis, 
and  of  the  consequent  difatatiim  of  the  blond-vessels.  In  consequence  of  this 
dilatation,  the  blood  reaches  the  part  supplied  by  the  nerve  in  larger  quantities; 
the  nutrition  is  therefore  more  active.  The  inerea&ed  Bensibility  is  a  result  of 
the  augmented  vital  properties  of  the  nerves  when  their  nutrition  is  increased. 
Dr.  Brovra-Seqaard  has  likewise  noticed  the  increase  of  temperature  of  the  ear 
over  that  of  the  rectum,  to  the  amount  of  one  or  two  degrees  Fabr.  j  bat  it  must 
be  remembered  that  the  temperature  of  the  rectum  is  a  little  lower  than  that  of 
the  blood,  and  as  the  ear  is  porf^ed  with  that  fluid,  it  is  easy  to  understand  why 
it  should  possess  its  temperature.  Many  facts  prove  that  the  degree  of  tempera- 
ture and  sensibility  in  a  part  are  in  direct  ratio  with  the  amount  of  blood  circu- 
lating in  it. 

If  galvanism  be  applied  to  the  superior  portion  of  the  sympathetic  nerve  after 
it  has  been  cut  in  the  neck,  the  vessels  of  the  face  and  ear,  ai^er  a  short  time, 
begin  to  contract,  and  subsequently  resume  their  normal  condition,  if  they  do 
not  even  diminish.  Coincidently  with  this  diminution,  there  is  a  decrease  of 
the  temperature  and  sensibility  of  the  face  and  ear,  until  the  palsied  and  sound 
side  are  alike  in  this  respect, 

"When  the  galvanic  current  ceases  to  act,  the  vessels  again  dilate,  and  all  the 
phenomena  discovered  by  M.  Bernard  reappear.  It  hence  appenra  that  the  only 
direct  effect  of  section  of  the  cervical  portion  of  the  sympathetic  is  the  paralysis 
and  conse^iaent  dilatation  of  the  blood-vessels.  Another  deduction  from  these 
experiments  is,  that  the  sympathetio  sends  motor  fibres  to  many  of  the  blood- 
vessels of  the  head.'  The  same  phenomena  of  elevation  of  temperature  may  be 
]iroduced  by  suspending  an  animal  with  the  head  downwards,  and  thus  facilitating 
the  flow  of  blood  to  that  extremity. — Ed.] 

440.  The  influence  which  conditions  of  the  Nervous  System  are  thus  shown  to 
poiseM  over  the  function  of  Calorification,  has  led  some  Physiologists  and  even 
Chemists  to  the  conclusion,  that  the  production  of  Heat  is  essentially  dependent 
upon  Nervous  agency,  of  which  it  is  one  of  the  manifcHtations.  But,  as  Prof. 
Liebig  justly  observes,  "  if  this  view  exclude  chemical  action,  or  changes  in  the 
arrangement  of  the  elementary  particles,  as  a  condition  of  nervous  agency,  it 
tneaoa  nothing  else  than  to  derive  the  prcFience  of  motion,  the  manifestntton  of 
force,  from  nothing.  But  no  force,  no  power,  can  come  of  nothing."*  That  the 
prodoctioD  of  heat  in  living  bodies  may  take  place  without  any  possible  ap^sietance 
from  Nervous  agency,  is  manifest  from  the  phenomena  of  Vegetable  heat  (8ee 
Phinc.  or  CoMP.  Phys.,  §  439,  Am.  Ed.)  ;  and  there  can  be  no  reasonable  doubt 
that  the  source  of  this  produetion  ia  a  true  conibusiive  process.  An<1  the  evidence 
afforded  by  the  post-mortem  production  of  heat  in  the  Human  subjrct  (§  428) 
conclusively  points  to  the  same  result;  more  particularly  as  the  elevation  of  tem- 
perature observed  in  the  brain  was  uniformly  less  than  than  which  was  mani- 
fested in  other  large  organs. — But  the  phenomena  just  enumerated  (and  many 
others  that  might  be  cited)  can  scarcely  be  arcouuted-for,  without  admitting  that 
the  Nervoua  system  exerts  an  important  modifying  power  upon  the  temperature 
of  the  body,  which  may  be  either  elevated  or  depressed  through  its  agency :  and 
the  question  now  arises,  whether  this  operation  takes  place  through  the  influcDC. 
'  Vide  Phil.  Med.  Exam.,  N.  8-,  toI.  tUI.  No.  viii.,  August,  1862, 
Aoimal  Chemistry,"  8rd  edit.,  p.  89. 
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wbich  tho  Nervoas  system  exerts  over  the  molecular  processes  of  Nutrition,  Sc> 
cretion,  &c,,  or  through  some  more  direct  method.  It  can  Bcarcelj  be  denied 
that  the  first  of  these  channels  affords  not  merely  a  possible,  but  also  a  probable 
tnesna  for  the  exercise  of  aucb  influeooe;  but  still  it  is  difficult  to  conceive  that 
any  great  effect  can  be  thus  produced,  since,  as  already  shown,  it  is  not  so  much 
in  the  j^rowlh  ns  in  the  disintegration  of  textures,  that  beat  is  produced  by  the 
oxidation  of  their  components.  On  the  other  hand,  from  the  close  relation  which 
exists  between  the  Vitiil  and  the  Physical  forces  (See  Princ.  of  Gen.  Phys.,  Am. 
£d.},  it  cau  scarcely  be  regarded  as  improbable  that  the  Nervous  force,  generated 
by  molecular  changes  in  tho  Nervous  substance,  may  manifest  itself  under  the 
form  of  Ueut,  jutitas  we  know  that  it  manifests  itself  (in  the  electric  Fishes,  &c.) 
under  that  of  Electricity.'  And  thus  it  is  quite  conceivable,  that  one  mode  in 
wbicb  alimentary  materials  may  be  applied  to  the  mainteDance  of  Animal  Heat, 
may  consist  in  their  subservience  to  these  molecular  changes,  which  seem  to  take 
place  ia  the  Nervous  substance  with  more  activity  than  in  any  other  tissue;  and 
thus  a  large  measure  of  calorio  may  be  generated  through  the  Lmtuediate  iostru- 
mentality  of  the  Nervous  system,  notwithstanding  that  the  ultimate  source  of  its 
development  lies  (as  in  the  Chemical  theory)  in  the  oxidation  of  the  elements  of 
the  food. — Such  an  hypothesis  will  be  found  consistent,  the  Author  believes, 
with  all  the  well-ascertuined  facts  of  the  case ;  for  whilst  it  assigns  their  full 
value  to  alt  those  proofs,  which  establish  (in  his  mind)  the  necessary  dependence 
of  Calorification  upon  the  changes  to  which  the  Respiration  ia  subservieut;  and 
thus  upon  the  supply  of  combustive  material  on  the  one  hand  and  of  oxygeu  on 
the  other,  it  also  assigns  a  definite  rnvdun  operwidi  to  the  Nervous  system,  as  an 
instrument  largely  concerned  in  the  production  and  distribution  of  the  heat  thus 
generated, — this  modus  oprrundi,  moreover,  being  in  such  complete  h&nnoDy 
with  the  other  manifestations  of  Nervous  power,  that  its  existence  might  almost 
have  been  predicated  upon  general  conaiderationa.' 

441.  We  have  now  to  inquire  whether  the  jtower  of  gertfrating  Heat  is  poi- 
sessed  by  the  Human  subject  in  an  equal  degree  at  all  ages;  this  question  beio^ 
very  different  from  that  of  the  ordinary  temperature  of  the  body  at  the  Tarious 
periods  of  life;  aiuce  an  iudividual  who  can  maintain  a  high  temperature  when 
the  surrounding  air  is  moderately  warm,  may  have  very  little  power  of  bearing 
continued  exposure  to  severe  cotd.  Important  analugictil  evidence  on  this  point 
has  been  supplied  by  the  experiments  of  Dr.  W.  F.  Edwards  upon  the  lower 
Mammalia,  Birds,  ^c."  It  appears  from  these  to  be  a  general  fact,  that,  the 
younger  the  animal,  the  less  is  its  independent  calorifjing  power.  Thus  the 
development  of  the  embryo  of  all  Oviparous  animals  ia  entirety  dependent  upon 
the  amount  of  external  warinth  supplied  to  it.  There  are  many  kinds  of  Birds, 
which,  at  the  time  they  issue  from  the  egg,  are  so  deficient  in  the  power  of  gene- 
rating  heat,  that  their  temperature  rapidly  falls  when  they  are  removed  from  th« 
neat  and  placed  in  a  cold  atmosphere ;  it  buiog  shown  by  collateral  experiments, 
thtkt  the  loss  of  heat  was  not  to  be  attributed  to  the  absence  of  feathers,  nor  to 
the  extent  of  surface  exposed  in  comparison  with  the  bulk  of  the  body ;  and  that 
nothing  but  an  absolute  deficiency  in  the  power  of  generating  it,  would  aooount 
for  the  fall  of  temperature.  This  is  quite  conformable  to  facta  well  asecrtaiued 
in  regard  to  Mammalia.  The  foetus,  during  intra-uterine  life,  has  little  power 
of  keeping-up  its  own  temperature;  and  in  many  cases  it  is  much  dependent  on 
external  warmth,  for  some  time  after  birth.  The  degree  of  this  dependence, 
however,  differs  greatly  in  the  various  species  of  Mammalia,  as  among  Birds; 
being  less,  in  proportion  as  the  general  development  is  advanced.  Thus,  young 
Uuinea-pigs,  which  can  ruu>about  and  ptck-up  food  for  ihemselvea,  almost  u 

'  8o6  "  Princ.  of  Com.  Phya.,"  Am.  Ed.,  Jj  461-46G, 

*  See  the  Author's  Memoir  '  Oa  the  Mutaml  Relationa  of  the  Vital  &od  Phjalcal  Forooi^' 
ill  "Phil.  Trans.,"  1850. 

*  "Oq  the  Lafiueoce  of  Phjraioal  Agents  on  Life,"  part  liL  chap.  L 
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won  ns  tliey  are  born,  are  from  the  first  iiidepeiKleDt  of  parental  warmth;  wliilst 
on  ibe  other  hand,  the  young  of  Dogs,  Cats,  Rabbits,  &c.,  which  are  bora  blind, 
and  which  do  not,  for  a  fortnight  or  more,  acquire  the  same  developtuenl  with 
the  preceding,  rapidly  lose  their  heat  when  withdrawn  from  contact  with  the 
body  of  the  mother. 

442.  In  the  tiuman  species,  it  is  well  known  that  external  warmth  is  neces- 
rary  for  the  Infant,  itfi  body  mpidly  losing  heat  when  exposed  to  the  chilling  in- 
fluence of  a  low  temperature ;  but  the  fact  is  too  often  neglected  (under  the 
erroneous  idea  of  'hardening'  the  constitution)  during  the  early  years  of  child- 
hood. It  is  to  be  carefully  remembered,  that  the  development  of  Man  is  slower 
than  that  of  any  other  animal,  and  that  hia  calorifying  power  is  closely  connected 
■with  his  general  bodily  vigour;  and  though  the  infant  becomes  more  independent 
of  it  as  development  advances,  it  is  many  years  before  the  standard  can  be  main- 
tained without  assistance,  throughout  the  ordinary  vicissitudes  of  external  tem- 
peniture.  Especial  care  is  required  with  regard  to  the  maintcnQUce  of  the 
bodily  heat  by  artificial  warmth,  in  the  case  of  children  prematurely  bom ;  for 
xh»  earlier  the  period  of  embryonic  life^  the  less  is  the  power  of  calorification 
that  exists  for  some  time  after  birth.  The  temperature  of  a  seven  months' 
child,  though  well  swathed  and  near  a  good  fire,  was  found  by  Dr.  W.  Edwards, 
within  two  or  three  hours  after  it^  birth,  to  be  no  more  than  89  6°.  And  in 
some  of  the  recorded  instances  in  which  the  birth  has  taken  place  before  the 
completion  of  the  sixth  month,  it  has  not  been  found  possible  to  maintain  the 
warmth  of  the  infant  by  exposure  to  the  radiant  heat  of  a  fire,  the  contact  of  the 
warm  body  of  another  person  being  the  only  efiectuat  means  of  keeping  up  its 
temperature.  —  The  fullest  measure  of  calorifying  power  is  poesessed  by  sdulte; 
but  even  in  them  it  is  sometimes  weakened  by  previous  exertion,  so  that  death 
by  the  cooling  of  the  body  may  occur,  when  the  body  ia  exposed  to  cold  of  no 
great  intensity,  but  in  a  state  of  exhaustion  of  nervous  power;  a  fact  which  re- 
markably confirms  the  views  advanced  in  the  preceding  pamgraph.  A  decrease 
of  calorifying  power  takes  place  in  advanced  age.  Old  people  complain  that  their 
**  blood  is  chill ;"  and  they  suffer  greatly  from  exposure  to  coldj  the  temperature 
of  the  whole  body  being  lowered  by  it. 

443.  These  facta  have  a  very  interestiDg  connection  with  the  results  of  statis- 
tical inquiries,  as  to  the  average  number  of  deaths  at  different  seasons ;  the  fol- 
lowing are  recorded  by  M.  Quetelet,'  aa  occurring  at  Brussels,  the  mean  monthly 
mortality  at  each  age  being  reckoned  aa  100. 


jAoasTy. ... 
Febmrary. , 

Mftr«li 

ApriL 

M«y 

June. 

July 
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September. 
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November.. 
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1-39 
1-28 
1-21 
102 

0-ea 

063 
0-78 
0-79 
O&fl 
0-91 
0-93 
1-07 
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1-22 
M8 
1-30 
1-27 
1-12 
0-94 
0-82 
0-78 
0*76 
0-78 
0-91 
101 
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108 
106 
1-27 

1-34 
1-21 
0-S9 
0S8 
0  82 
OBI 
0-76 
0-80 
0-96 


1-05 
104 
Ml 
]  00 
102 
102 
0-9] 
0-96 
0-95 
0-93 
0-97 
0-67 
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1-80 
1-22 

in 

1-02 
0-93 
0-86 
077 
0-85 
0-89 
0-90 
100 
116 


00  Tesra 
Mtd»bof«. 


1-68 
1-48 
1-26 
0?t5 
0-84 
0-76 
0'64 

0-m 

0-76 
074 
1  08 
129 


We  see  from  this  table  that,  during  the  first  months  of  infant  life,  the  external 
temperature  baa  a  very  murkod  influence;  for  the  average  mortality  during  each 
of  toe  three  summer  months  being  SO,  that  of  January  is  nearly  140,  and  the 
ftTenge  of  February  and  March  is  125.  This  is  confirmed  by  the  result  obtainecl 
■  «  Euai  de  Fhjalqae  Sociale,"  torn.  i.  p.  1&7. 
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by  MM.  Vi]lerni<5  and  Milne-Edwards,  in  their  researches  on  the  mortality  of 
the  children  conveyed  to  the  Foundling  Hospitals  in  the  different  tovrna  ia 
Franco;  for  they  not  only  nscertuined  that  the  wortaliity  is  mucli  the  greateit 
during  the  first  throe  months  in  the  year,  but  aliw  that  it  varies  in  different  parts 
of  the  kingduui,  according  to  the  relative  severity  of  the  winter.'  As  childhood 
advances,  however,  the  winter  mortality  diiuiniahes,  whilst  that  of  the  spring 
undergoes  an  increase  ;  this  is  probably  due  to  the  greater  prevalence  of  certain 
epidemics  at  the  latter  seuBon  ;  for  the  same  condition  is  observed,  in  a  still  more 
remarkable  degree,  between  the  ages  of  8  and  12  years, — the  time  when  children 
are  most  severely  aff*ecled  by  such  epidemics.  As  the  constitution  acquire* 
greater  vigour,  and  the  bodily  etructarc  attains  its  full  development,  the  inflaence 
of  the  season  upon  mortality  becomes  less  apparent ;  so  that  at  the  age  of  from 
25  to  30  years,  the  difference  between  the  summer  and  winter  mortality  is  very 
slight.  The  difference  reappears,  however,  iu  a  very  marked  degree,  at  a  later 
pericwl,  when  the  general  vigour,  and  the  calorifying  power,  undergo  a  gndnal 
diminution.  Between  the  ages  of  50  and  65,  it  is  nearly  as  great  aa  in  early 
infancy;  and  it  gradually  becomes  more  striking,  until,  at  the  age  of  90  and 
upwards,  the  deaths  in  January  are  158,  for  every  74  in  July  (a  proportion  of  2} 
to  1);  and  the  average  of  the  three  winter  months  is  145,  whilst  that  of  the 
three  summer  months  is  only  68,  or  less  than  one-half. — The  results  of  the  com- 
pnri.sons  which  have  now  been  carried-out  for  many  successive  years,  in  the 
Reports  of  the  Registrar  General,  between  the  variations  in  the  weekly  rale  of 
mortality  in  the  Metropolis  and  the  range  of  atmofipheric  temperature,  present  k 
close  coineidenoe  with  the  foregoing:  it  being  especially  to  be  noted,  that  the 
rate  of  mortality  (save  during  the  prevalence  of  any  fata)  epidemic)  is  almost 
invariably  the  highest  during  the  winter  months;  that  the  increase  of  deaths  at 
that  period  is  moat  marked  amongst  children  and  old  people ;  and  that  any  ex- 
traordinary severity  of  winter  cold  constantly  produces  a  great  augmentation  in 
the  innrtality,  the  weekly  number  of  deaths  rising  from  the  average  of  1000  (or 
thereabouts)  to  1200,  when  the  mean  temperature  of  the  twenty-four  houn 
remains  a  degree  or  two  below  the  freezing-point. 

444.  Having  thus  considered  the  means  by  which  the  degree  of  Heat,  neces- 
sary for  the  performance  of  the  functions  of  the  Human  system,  is  generated, 
we  hare  to  inquire  how  its  temperature  ia  prevented  from  being  raised  too  high; 
in  other  words,  what  /nyori/i/irtff  means  there  are,  to  counlerbnlance  the  inffuenoe 
of  cau-ses,  which  in  excess  would  otherwise  be  fatal,  by  raising  the  heat  of  the 
body  to  an  undue  degree  (§  430).  How  is  it,  for  example,  that,  when  a  person 
I  enters  a  room  whose  atmosphere  is  heated  to  one  or  two  hundred  degrees  abors 
bis  body,  the  latter  does  not  partake  of  the  elevation,  even  though  exposed  (o 
the  heat  for  some  time  ?  Or,  since  the  inhabitants  of  a  climate,  where  the  ther- 
mometer averages  100°^  for  many  weeks  together,  are  continoally  geineratiai 
additional  heat  in  their  own  bodies,  bow  is  it  that  this  does  not  accumulate,  and 
raise  them  to  an  undue  elevation  ? — The  means  provided  by  Nature  for  cooling 
the  body  when  necessary,  are  of  the  simplest  possible  character.  From  the  wbolo 
of  its  soft  moist  surface,  simple  Evap'/ration  will  take  place  at  all  time^,  as  from 
an  inorganic  body  in  the  same  circumstances;  and  the  amount  of  this  will  be 
regulated  merely  by  the  condition  of  the  atmosphere,  as  to  warmth  and  dryneee. 
The  more  readily  watery  vapour  can  be  dissolved  in  atmospheric  air,  the  more 
will  be  lost  from  the  surface  of  the  body  in  this  manner.     In  cold  weather,  very 

'  Dr.  Emerson  has  shown  that,  id  the  Soutliera  and  Middle  States  of  North  Amerioa, 
the  high  tummer  tenipcniture  ta  the  greatest  cituso  of  Infant-mortality ;  the  proportioa  of 
deaths  duriD^  the  first  year  of  childhood,  occurring  ia  the  tnonths  of  June,  July,  and  Aagiul, 
'^behig  about  /out  times  grater  thuti  that  occurriri);  daring  the  eame  months  in  any  aabfv- 
queat  year  up  to  the  age  of  20.  Tbe  irtnf^  mortatity  under  the  second  year  iearoeljr 
cxotieda  the  average  of  subsequent  years.     ("Amtr.  Jour,  of  Med.  8cL,"  Nov.,  1881). 
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litUe  ia  thiM  carried-off,  even  though  the  air  be  dry:  ai)d  a  warm  ntiHfwphere, 
already  charged  with  dampness,  will  be  nearly  as  ineffectual.  But  simple  evupo- 
ration  is  Dot  the  chief  means  by  which  the  temperature  of  the  body  is  ref^ilated. 
The  Skin,  ap  already  mentioned  (§  421),  contains  a  large  number  of  {ikndulcD, 
the  office  of  which  is  to  secrete  an  nqueons  fluid ;  and  the  amount  of  this  Exha- 
latr'on  appears  to  depend  solely  or  chiefly  upon  the  temperature  of  the  surround- 
ing air.  Thus,  when  the  external  heat  is  very  great,  &  c^jnsiderable  amount  of 
fluid  is  transuded  from  the  skin;  and  this,  in  evaporating,  carries-off  a  large 
quantity  of  the  free  caloric,  which  would  otherwise  raise  the  temperature  of  the 
body.  If  the  atmosphere  be  hot  aud  dry,  and  also  be  in  motion,  both  exhala- 
tion and  evaporation  go-on  with  great  rapidity.  If  it  be  cold,  both  are  chocked, 
the  former  almost  entirely  so ;  but,  if  it  be  dry,  some  evaporation  still  continuts. 
On  the  other  hand,  in  a  hot  atmosphere,  saturated  with  moisture,  exhalation 
oontinuefi,  though  evaporation  is  almost  entirely  checked ;  and  the  fluid  poured- 
out  by  the  exhalant  glands  accumulates  on  the  skin.  There  is  reason  to  believe 
that  the  secretino  continues^  even  when  the  body  is  immersed  in  water^  provided 
its  temperature  be  high. — We  learn  from  these  facts  the  great  importance  of  not 
suddenly  checking  Exhalation,  by  exposure  of  the  surface  to  cold,  when  the 
secretion  is  being  actively  performed ;  since  a  great  disturbance  of  the  circula- 
tion will  l>e  likely  to  ensue,  similar  to  that  which  has  been  already  mentioned, 
as  occurring  when  other  important  secretions  are  suddenly  suspended. 
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3.  Evolution  of  Light, 

445.  Although  the  evolution  of  Light  from  the  living  Human  subject  is  an 
osceptional  phenomenon,  which  has  only  been  observed  in  morbid  states  of  the 
body,  yet  its  occasional  occurrence  is  fraught  with  interest  to  the  Physiologist,  on 
the  one  hand  from  its  relation  to  the  Luminosity  so  common  among  the  lower 
animals,  and  on  the  other  from  the  indications  which  it  affords  of  the  possibility 
of  the  formation,  even  during  life,  of  peculiar  phospliuretted  compounds,  which, 
being  products  of  incipient  decomposition,  have  been  usually  supposed  to  be  ge- 
nerated only  after  death.' — There  is  no  doubt  that  luminous  exhalations  frequently 
ascend  from  burial-grounds;  and  that  the  Roperstiiions  of  many  nations  respect- 
ing 'corpse-lights'  have  to  this  extent  a  foundation  in  fact.  A  very  decided 
luminosity  has  been  observed  to  proceed  from  dissecting-room  subjects,  the  light 
thus  evolved  being  sufficient  to  render  the  forms  of  the  bodies,  as  well  as  those 
of  muscles  and  other  dissected  parts  (which  are  peculiarly  bright),  almost  as  dis- 
tinct as  in  the  daylight.  That  this  proceeds  from  the  production  of  a  peculiar 
phosphorescent  compound,  is  shown  by  the  fact,  that  the  luminosity  may  be  com- 
municated to  the  fingers  or  to  towels,  &o.,  by  contact  with  the  luminous  sur- 
faces.'— Dr.  W.  Stokes  narrates  the  ease  of  a  patient  who  was  under  his  observa- 
tion, some  years  since,  in  the  Old  Meath  Hospital,  having  been  admitted  on  ac- 
count of  an  enormous  cancer  in  her  breast,  which  was  in  an  advanced  state  of 
ulceration,  the  edges  being  irregular  and  everted;  every  part  of  the  base  and 
edges  of  this  cavity  was  strongly  phosphorescent,  the  light  being  sufficient  to 
enable  the  fignres  on  a  watch-dial  to  be  distinguished  within  a  few  inches;  and 
here  also  it  appeared  that  the  luminosity  was  due  to  a  particular  exudation  from 
the  exposed  surface.  Three  cases  ore  recorded  by  Sir  H.  Marsh,  in  wliich  an 
evolution  of  light  took-plnce  from  the  tiring  body,  without  any  such  obvinua 
aoaroe  of  decomposition ;  all  the  subjects  of  these  cmses,  however,  were  in  the  last 
stages  of  phthisis;  and  it  can  scarcely  be  doubted  that  hero,  as  in  other  diseaFcs 

'  See  Sir  Herbert  Mar^b  on  "  The  ErolnitioD  of  Liplit  from  the  Living  Human  Subject," 
fDoblin,  1S42),  p.  20. — From  this  iuterutiDg  pamphlet,  moat  of  the  statemeota  in  thia 
paiagrmph  are  derived. 
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of  exbaQstioD,  incipieDt  disintegr&tion  was  taking-place  during  the  later  periodi 
of  life  (§  72).     The  light  in  each  case  u  described  as  playiag  around  the  lace, 
but  not  as  directly  procecdttig  from  the  surface  ;  and  in  one  of  these  instanoe)i| . 
which  vrns  recorded  by  Dr.  1>.  Donovan/  not  only  was  the  luminous  appearance 
perceptible  over  the  head  of  tlic  patient's  bed,  but  luminous  vapours  passed  in 
strouniH  through  the  npnrtment.     It  can  scarcely  be  doubted  that  it  was  here  tba 
breath,  which  contuined  the  luminous  compound,  more  especially  as  it  was  ob» 
served  in  one  of  the  cases  to  have  a  very  peculiar  smell ;  and  the  probability  thiti 
the  luminosity  was  due  to  the  presence  of  phosphorus  in  progress  of  slow  oxida^  I 
tiou,  is  greatly  increased  by  the  fact  already  referred-to  (§  322),  that  the  injec- 
tion of  phosphuretted  oil  into  the  blood-vessels  gives-rise  to  a  similar  appearaooe. , 
In  repeating  this  experiment,  Sir  H.  Marsh  states  that  when  half  an  ounce  of  ^ 
olive-oil^  holding  two  grains  of  phosphorus  in  solution,  was  injected  into  the  era** 
ral  vein  of  a  dog,  a  dense  white  vapour  began  to  issue  from  the  nostrils  even  be- 
fure  the  syringe  was  completely  emptied,  whtoh  became  faintly  luminous  on  the] 
removal  of  the  lights:  and  the  injection  being  repeated  with  the  same  quantity/ 
the  expirntion  immediately  became  beautifully  luminous,  resembling  jets  of  pale-i 
culouredl  flame  pouring-forth  from  the  nostrils  of  the  animal.     And  the  luminosi^j 
which  has  been  occasionoily  observed  in  the  urine,*  may  fairly  be  imputed  to  an 
increase  in  the  quantity  of  unoxidiKed  phosphorus  which  it  seems  norroally  td" 
contain  (§  413) ;  its  liberation  taking-place  at  a  more  rapid  rate  than  its  conver* 
aion  into  phosphoric  acid  (§  414),  either  througb  excessive  excretion  or  through 
impeded  respiration.*     A  case  has  been  recorded  by  Raster  (loc.  cit.)  in  which 
the  body-linen  was  rendered  luminous  by  the  perspiration,  after  any  violent  ex- 
ercise ;  and  here,  too,  the  cause  may  be  presumed  to  have  been  the  same. — On 
the  whole,  then,  we  may  conclude  the  occasional  evolution  of  Light  from  the  Hu- 
man subject,  to  be  the  consequence  (when  not  an  elrxtncal  phenomenon)  of  the 
production  of  a  phosphorescent  compound  at  the  expense  of  the  disinte^ratinjj j 
tissues;,  which  compound  pas^es-oS"  through  one  of  the  ordinary  channels  uti 
excretion. 

4.  Evolution  of  Electricity. 

446.  When  the  vast  variety  of  changes  of  condition  to  which  the  component* 
of  the  living  body  are  subjected  during  the  performance  of  its  vital  operationa^d 
and  the  impossibility  of  the  occurrence  of  any  of  these  without  some  disturbano61 
of  Electric  equilibrium/  are  duly  considered,  the  wonder  is,  not  that  such  dis- 

*  "  Dublin  Medical  Press,"  Jan.  15,  1840. 
■"Casper's  Woohenschrifl/'  1849,  No.   15. — A  ease  has  been  recently  put  on  reeo 

(BUchner'a  Repert,  B.  viii.  p,  342),  in  whkh  tho  urine  and  semen  of  a  fatient  who  n 
under  trenLmeiit  for  impotence  and  Gpermatorrhcear  and  who  wua  eniployitig  phosphoroji 
a  remedj  both  iDtcrnallj  and  exteroally,  were  obaerved  to  be  luminous. 

*  The  large  proportion  of  intemperate  subjects,  among  those  who  exhibit  this  phenome- 
non,  seems  to  confirm  the  view  alreiidy  expresscJ,  that  tho  habitual  presence  of  Alcohol 
in  the  blood  interferes  with  the  oxidation  und  eUminndon  ofexcremeutitious  matters. 

'  There  is  probablj  no  instance  of  chemical  union  or  decomposition,  in  which  the  electric 
conditioD  of  the  bodies  coucemed  is  not  altered.  Simple  ehungt  of  form,  from  solid  to 
liquid,  or  from  liquid  to  gaseous,  is  attended  with  electric  disturbance;  and  this  is  greallj 
increased  when  any  separation  takes  place  between  subatanees  that  were  previous! j  noited, 
%«  when  water  coDtaiaing  a  aroall  quaatitj  of  saline  matter  is  caused  to  evaporate  and  to 
leare  it  behind.  Hrat,  again,  is  contiauallj  generating  Electricity;  for  not  only  is  a  cur- 
rent  produced  by  the  beating  of  two  dissimilar  metuls  in  contact,  but  also  by  the  unequal 
heating  of  two  parts  of  the  same  bar  ;  and  though  the  effect  is  most  striking  in  the  cam  of 
metals,  it  is  by  no  means  limited  to  them.  Acid  so  conatuntly  is  Electricity  gvnerated  hf\ 
the  retardation  of  motion,  as  in  frictiun,  that  it  is  not  poaaihle  to  nib-togetber  any  two 
substances,  excepting  those  which  are  of  the  most  perfect  bomogeDeity  (sucb  as  the  frao- 
tared  surfaces  of  a  brokeo-bar),  witltout  the  production  of  Eleolrio  change,  aa  well  aa  id 
Heat 


tnrlxaiice  should  be  occasionally  bo  considerable  aa  to  make  itself  apparent,  but 
that  it  should  be  ordinarily  so  obacure  as  only  to  be  detected  by  the  most  caretnl 
search,  and  with  the  apsjstance  of  the  most  delicate  instruments.  The  researches 
of  Prof.  Matteucci,  M.  du  Bois-Reymond,  and  others,  however,  have  now  made 
it  apparent,  that  there  are  no  two  parts  of  the  body(flave  those  which  oorreapond 
on  the  opposite  sides),  whose  electrical  condition  is  precisely  the  same ;  and  that 
the  differences  between  them  are  greater  in  proportion  to  the  diversity  of  the 
vital  processes  which  are  takinfr-place  in  them,  and  to  the  activity  with  which 
these  are  being  carried-on.' — It  ia  hy  the  comparison  of  tlie  electric  states  of  dif- 
ferent Secreting  surfaces,  that  such  departures  from  equilibrium  are  most  readily 
demonstrated.  Thus,  Donn^  found  that  the  F^kin  and  most  of  the  internal  mem- 
branes  are  in  oppeeite  electrical  states;  and  Matteucci  obiterved  a  considerable 
deflection  of  the  needle  of  a  delicate  palvnnoraetcr,  when  the  liver  and  etotnaoh 
of  a  rabbit  were  connected  with  its  platinum  electrodes.*  More  recently,  Mr. 
Baxter  has  found  that  if  one  of  the  electrodes  be  placed  upon  any  part  of  the 
intestinal  surface,  and  the  other  be  inRcrted  into  the  branch  of  the  riiCfienteric 
Tein  proceeding  from  it,  a  decided  deflection  of  the  needle  was  produced,  indi- 
cating a  positive  condition  of  the  blix>d ;  but  that  no  eCcct  was  produced,  when 
the  aecond  electrode  waa  inserted  into  the  artery  of  the  part,  instead  of  into  its 
vein.  These  effects  were  found  to  cease  after  the  death  of  the  animala ;  and  could 
not  be  attributed,  therefore,  to  mere  chemical  differences  between  the  blood  and 
the  secreted  product;  but  must  have  arisen  from  electric  disturbance  taking-place 
in  the  very  act  of  secretion.* — That  the  process  of  Nutrition,  as  well  as  of  Secre- 
tion, in  parts  which  are  undergoing  rapi<l  molecular  change,  gives-rise  to  electric 
disturbance,  is  proved  by  the  eiperimentsof  Matteucci  and  du  Bois-Reymond, 
upon  the  relative  electrical  states  of  different  parts  of  museles  and  nerves.  If 
the  two  extremities  of  a  Muscle,  removed  from  the  body  of  an  animal  very 
recently  killed,  be  applied  to  the  two  electrodes  of  a  delicate  palvanoraeter,  there 
is  nsually  some  deflection  of  the  needle  j  this  being  greater,  in  proportion  to  the 
difference  in  the  arran«rementof  the  muscular  and  tendinous  elements  at  the  two 
extremities.  Although  the  direction  of  the  current  is  con.stant  for  each  muscle, 
yet  there  is  no  constant  n.*!ation  between  the  direction  of  the  currents  and  the 
position  of  the  muscles  in  the  body;  thus  in  the  ffnstm<-nemitts of!  the  Frog's  leg, 
the  direction  is  from  the  foot  towards  the  body,  whilst  in  the  iarfonvs  it  is  the 
reverse.  Taking  all  the  muscles  of  a  part  together,  however,  there  is  usually 
such  a  want  of  balance  between  the  opposite  currents,  that  a  constant  current  is 
established  in  tbe  direction  of  the  strongest  and  most  numerous  of  the  separate 
muscular  currents;  this,  in  the  Frog,  paa-iea  uniformly  from  the  hind-feet  towards 
the  head,  and  waa  at  one  time  supposed  to  be  peculiar  to  that  animal;  but  a  simi- 
lar current  may  almost  always  be  detected  in  other  animals.  The  muscular  cur- 
rent grows  feebler  and  feebler,  the  longer  tbe  muscle  has  been  removed  from  the 
body;  it  is  affected  by  any  agents  which  tend  to  lower  its  vitality,  and  becomes 
extinct  as  soon  as  ita  contractility  ceases.  From  the  experiments  of  M.  du  Bois- 
Keymond,  to  be  presently  described  (§  450),  it  may  be  concluded  that  the  cur- 
rent in  tbe  arm  of  Man,  when  at  rest,  ia  from  the  shoulder  towards  the  points  of 
Uie  fingers. 

447.  The  conditions  of  the  'Muscular  current'  have  been  made  the  subject  ol 
special  investigation  by  M.  du  Bois-Reymond;  and  the  following  is  an  outline  of 

'  Hftring  had  an  opportunitj  of  wii (nesting  Bome  of  the  experitncnta  raadle  bj  M.  duBoia 
Reymond  with  &  ma^eto-eteclromeler  of  oitraordinBry  nenBitivenesB,  the  Author  can  hear 
his  personal  testimony  to  the  fact,  that  tbe  electricitv  evpn  of  the  correspondiDg  fingf  rs  of 
tbe  two  bands  is  very  Beldutn  equally  bativticcd,  and  that  the  existence  of  even  the  slight- 
Mt  (oratcb  or  abraaioa  of  surface  upon  one  of  tbem  produces  a  very  marked  disturbaao^ 

'  8e«  H.  Becqnerel'B  "Traild  de  I'EIectricit^,"  torn.  i.  p,  327,  and  torn.  iv.  p.  200. 
••  Fhiloeophical  TransactioDB,"  1848,  p.  243. 
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the  results  at  which  he  has  airiTcd,  for  whose  due  comprehension,  however,  it  n 
requisite  that  the  terms  emplojed  bj  him  should  be  first  defined. — The  entire 
muscle  being  oouiposed  of  a  mass  of  fibres,  having  a  generaJIy-parallel  direction, 
and  attacbed  at  their  eztremitiea  to  tendicoua  structure  (which  has  in  itaelf  but 
little  or  no  electromotor  power,  but  is  a  couductor  of  electricity),  it  follows  that 
tbe  tendon  or  tendinous  portion  of  a  muscle  represents  a  surface  formed  by  the 
hate*  of  the  mi^scular  fibres  considered  as  prisms,  which  may  be  designated  its 
natural  transvcrne  section.  On  the  other  band,  the  fleshy  surface  of  the  muscle, 
which  is  formed  only  by  the  $idts  of  the  fibres  considered  as  prisma,  may  be  re- 
garded as  tLc  natural  longitudinal  section  of  the  muscle.  Again,  if  a  muscle 
be  divided  in  a  direction  more  or  less  perpendicular  to  its  fibres,  an  artijiaal 
transver$€  lection  will  be  made ;  whilst  if  the  muscle  be  torn  lengthways  in  the 
direction  of  its  fibres,  an  artificial  hmjituJinal  section  will  be  made ;  and  these 
artificial  sections  show  the  same  electric  conditions  with  their  corresponding  n&tn- 
ral  sections.  Now  experiments  repeated  in  a  great  variety  of  modca  demonstrate, 
that  tvery  point  in  the  natural  or  artificial  longitudinal  section  of  a  mut<^ie  ii 
positive  in  relation  to  every  part  of  its  transverse  seciiojij  whether  natural  or  art> 
filial;  the  most  powerful  infiuunce  on  the  galvanometer  being  produced,  whea 
a  portion  of  the  surface  (or  natural  longitudinal  section)  of  a  muscle  is  laid  upon 
one  of  the  electrudcs,  and  a  portion  of  tbe  surface  formed  by  cutting  the  muscle 
across  (or  urttficiul  trausverse  section)  is  placed  against  tbe  other.  When  the 
two  tcudjnous  extremities  of  a  muscle  whose  furm  is  symmetrical  or  nearly  so, 
are  placed  against  the  electrodes,  the  deflection  of  the  needle  of  the  galvanometer 
is  but  slight  j  aod  the  same  is  the  case  with  two  transverse  sections  taken  at 
equal  distuucea  from  the  two  ends  of  tbe  muscle,  and  also  with  two  points  of  the 
loiigitudiual  section  which  are  equally  distant  from  the  middle  of  its  length. 
But  if  the  two  pointa  of  the  longitudimil  section  applied  to  tbe  electrodes,  be  not 
equally  distant  from  the  centre  of  the  muscle,  then  the  point  which  is  nearest  to 
tbe  centre  is  positive  to  the  one  which  is  nearest  to  the  end ;  and,  in  like  manner, 
when  tbe  dilferuut  parts  of  the  tmnaverso  section  are  tested  in  regard  to  each 
other,  the  puiuts  lying  nearest  tbe  surface  of  the  muscle,  are  found  to  be  poddve 
to  tboso  nearest  its  interior.  The  intensity  of  the  current,  however,  between 
any  two  points  in  the  same  section — whether  transverse  or  longitudinal  —  is 
always  incumparably  less  than  that  uf  the  currents  which  are  obtained  between 
two  points  Ju  diJ'treiU  sections,  one  in  the  longitudinal  and  the  other  in  tbe 
transverse. 

448.  These  results  may  bo  obtained,  not  merely  with  the  entire  Muscle,  bat 
with  insulated  portions  of  it;  and  even,  as  we  are  assured  by  M.  du  Bois-Rey- 
moud,  with  a  single  primitive  fasiculua.  Hence  it  seems  unquestionable,  that 
every  integral  particle  of  the  museukr  substance  must  be  a  centre  of  electro- 
motor action,  and  must  contain  within  itself  positive  and  negative  elements; 
and  the  variutions  both  uf  iuteDsity  and  direction  in  the  muscular  current,  under 
certain  circumstances,  are  so  sudden  and  so  extensive,  that  it  appears  impossible 
to  account  fur  them  by  any  change  of  larger  beterugencous  elements,  or  in  any 
other  way  than  by  assuming  corresponding  changes  of  position  in  almost  infinitely 
small  centres  of  action.  It  is  indifferent  wbiit  form  is  assigned  to  these  electro- 
motive muleoules;  but  it  would  seem  ihut  they  must  have  two  negative  polar 
zones,  and  a  positive  equatorial  zone ;  a  combination  of  such  elements  being 
able  to  produce  all  the  electrical  effects  of  a  muscle  in  a  state  of  rest.  It 
seems  altogether  best  to  suit  tbe  phenomena,  to  suppose  that  each  of  these 
peripolar  molecules  is  formed  by  the  combination  of  two  dipol<ir  molecules, 
touching  each  other  by  their  positive  poles,  —  as  in  the  subjoined  table,  which 
represents  a  baud  of  four  series,  A,  B,  <j,  D,  each  series  containing  four  dipoUr 
molecules. 
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449.  The  current  shown  by  the  entire  Muscle,  when  made  to  form  part  of  a 
finruit,  is  only  a  derived  curreDt  produced  by  inconiparahly  more  intense  currenta 
circulating  m  the  interior  of  the  mnsclea  around  these  ultimate  particles,  and 
will  vary  greatly  in  intensity,  according  to  the  mode  in  which  these  particles  are 
amogcaj  generally  speaking,  however,  it  increases  both  with  the  length  and 
with  the  thickness  of  the  niuacle.  There  is^  however,  another  cause  of  a  very 
remarkable  nature,  which  influences  both  its  intensity  and  its  direction ;  this,  ac- 
cording to  M.  du  Bois-Re}n30ond,  is  the  existence  of  a  thin  layer  of  muscular 
substance,  beneath  the  tendinous  expansion,  whose  electromotive  power  is  exactly 
opposite  to  that  of  the  rest,  so  that  its  actioD  tends  to  reverse  the  general  law  of 
the  muacuJar  current.  For  when  the  gastromemiits  of  a  frog  is  placed  between 
the  two  electrodes,  so  as  to  touch  them  only  with  its  tendinous  extremities,  it 
givea  a  weak  upward  current;  but  if  the  frog  have  been  previously  cooled,  there 
will  probably  be  no  current  at  all  j  or  if  it  have  been  frozen,  there  may  actually 
be  a  current  in  the  opposite  direction.  If,  now,  a  drop  of  any  liquid  capable  of 
corroding  the  muscular  tissue  (such  as  alcohol,  creosote,  acids,  alkaline  solutions, 
&o.),  be  placed  upon  the  aponeurosis  of  the  tendo  Achiltis,  the  ordinary  upward 
current  of  the  muscle  is  evolved ;  and  the  same  effect  is  produced  by  completely 
removing  a  thin  layer  of  muscular  substance  at  the  natural  transverse  section. 
This  effect  is  accounted-for  by  M.  du  Bois-Reymond,  on  the  supposition  that  at 
the  tendinous  extremities  of  the  muscular  fibres,  the  linear  series  of  peripolar 
elements  is  terminated  by  a  single  dipolar  element,  whose  positive  pole  is  thus 
free,  instead  of  the  negative  pole  bcin^  so ;  and  be  has  shown  that  by  an  appa- 
ratus of  sine  and  copper  constructed  after  thia  plan,  alJ  the  electric  pheDomeoa 
of  the  muscle  at  rest  may  be  imitated. 

450.  That  a  change  in  the  electrio  state  of  a  Muscle  takes  place  in  the  act  of 
contraction,  had  been  ascertained  by  the  experiments  of  Prof.  Matteucci ; '  but 
as  he  was  only  able  to  detect  this  by  the  galvanoscopic  frog  (the  galvanometer 
which  he  employed  not  giving  unquestionable  indications  of  it),  he  was  not  able 
to  determine  its  nature  with  accuracy.  This  has  been  accomplished,  however,  by 
M.  du  Bois-Reymond  ;  who  has  shown  that  during  contraction  the  muscular  cur- 
rent is  not  increased  (as  suppotied  by  Matteucci),  but  is  diminished  and  even 
reduced  to  zero.  In  urder  to  exhibit  tliis  pheuomenon  satisfactorily,  it  is  found 
advantageous  to  cause  the  muf<clc  to  contract  powerfully  or  uninterruptedly  for 
88  long  a  time  as  possible,  that  i.i,  to  tdunize  xX\  and  thJB  may  be  effected  by 
acting  violently  on  '\\»  nerve  by  heat,  chemical  agents,  or  a  succession  of  electric 
shookBj  or  by  poisoniog  the  animal  with  strychnia.     In  whatever  mode  the  teta 


*  8«e  Ilia  soccessiTe  Memoirs  In  "  Philus.  Transact.,"  for  1846,  1847,  and  1850. 
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DJwd  state  is  induced,  the  pame  rcEult  follows : — the  needle  of  the  galTatiotnetcT 
passes-over  to  the  negative  Fide.  This,  luiweverj  does  not  indicate  (as  might  be 
ut  first  supposed)  the  developmeni  of  a  i^ew  current  doriuf;  the  contractioD,  in  a 
direction  opposite  to  that  which  prevails  during  rest;  but  it  is  the  consequence 
of  the  '  secondary  polarity ' '  which  is  evolved  in  the  platinum  electrodes,  as  t-oon 
as  the  uiuscular  current  ia  dttuished ;  the  needle  passing  from  the  positive  to  the 
negative  side,  as  soon  as  the  currcot  of  the  secondary  polarity  becotues  tnore 
powerful  tban  the  origrinal  muscular  current.  This  Begative  deflection  of  tbo 
needle  at  the  moment  of  contraction,  is  always  proportionate  to  the  actual  inten- 
sity of  the  current  of  the  muscle  while  at  rest;  and  it  ceases  as  soon  as  the  teta- 
nic contraction  ceases,  after  which  the  muscular  current  gradually  recovers  iia 
previous  intensity. 

451.  Thus,  then,  it  appears  that  the  contraction  of  a  Muscle  is  attended  with 
a  marfi'fd  (fiminufion  of  itt  ttcvtromothe  povxr  i  a  fact  which  seems  to  banno 
nize  well  with  the  general  views  already  adverted-to  in  regard  to  the  •  Correlatioa 
of  Forces;'  the  changes  which  operate  to  produce  disturbance  of  electric  equili- 
brium whilst  the  muscle  is  at  rest,  being  concerned  in  the  development  of  nietor 
power  when  it  is  thrown  into  contraction.  This  alteration  has  been  demonstrated 
by  M.  du  Bois-Reymond  in  the  living  animal,  after  the  following  manner.  The 
two  feet  of  a  lii'e  frog  were  initnersed  in  the  two  connecting  vessels,  but  one  of 
the  legs  was  paralyzed  by  division  of  its  sciatic  plexus;  the  muscular  currents 
of  the  muscles  of  the  two  Uiubs  neutralized  each  other,  so  long  as  they  remained 
at  rest;  but  upon  the  frog  being  poisoned  with  strychnia,  so  that  tetanic  convul- 
sions occurred  in  one  limb  whilst  the  other  remained  motionless,  the  current  in 
the  former  liimb  was  weakened,  whilst  that  of  the  other  remained  unafferted,  and 
a  dcflectiou  of  the  needle  took  place,  indicating  an  upward  currcot  in  the  para- 
lyzed limb  and  a  downward  curreut  in  the  tctanized  one.  The  same  thing  may 
be  shown  in  the  Flumau  subject,  by  dipping  the  forefingers  of  the  two  naods 
into  the  two  conducting  vessels  connected  with  the  galvanometer,  so  that  the  two 
arms  are  included  in  opposite  directions  in  the  circuit ;  when  if,  after  the  needio 
(which  usually  undergoes  a  temporary  disturbance  on  their  first  immersion)  has 
come  to  a  stale  of  rest,  ull  the  muscles  of  one  of  the  arms  be  strongly  and  per- 
marieiitly  contracted,  so  as  to  give  them  the  greatest  possible  tension  without 
changing  the  position  of  the  arm,  the  needle  is  instantly  deflectedj  always  indi- 
cating a  curreut  from  the  hand  to  the  shoulder,  that  is,  an  vpward  current  in  the 
contructed  arm.  Hence,  according  to  the  explanation  just  given,  the  contracted 
arm  plays  the  part  of  the  negative  metal  in  the  circuit,  in  regard  to  the  arm 
whoso  muscles  remain  in  the  state  of  relaxation,  showing  that  the  normal  curreut 
will  be  a  downward  one.  — This  change,  however,  is  so  extremely  Flight,  that  a 
very  delicate  galvanometer  is  requisite  to  render  it  perceptible.  Its  intensity 
depends  very  much  on  the  muscular  energy  of  the  experimenter;  and  even  the 
greater  power  which  the  right  arm  usually  possesses,  becomes  perceptible  in  the 
greater  deScction  of  the  needle  when  it  is  put  in  action.' 

*  Wliea  the  elccCrotnotor  body  la  remoTed,  and  the  two  electrodes  (platinam  plates  im- 
mersed ill  a  Bjiturated  solution  of  common  salt),  are  connected  hy  eomo  imperfect!/  oou- 
uectiitg  body,  &  seoondnry  current  ia  manifcBted  in  the  rercrse  dircctioD  to  tbc  first,  tbe 
nccdte  being  deflected  to  the  otiier  side;  this  ia  effected  by  the  clectro-chemic&l  reactioD 
or  the  substances  wtiioti  the  current  of  aninal  electricity  baa  evoked  od  the  plstinom 
{dates  by  means  of  ita  electrolytic  nctiou;  had  its  occurrecce  ia  oflon  &  ut^eful  and  Tain- 
able  confiroiHtiou  of  the  first  result,  as  showing  that  the  primary  defl&ctioD  really  wu  tbe 
cotise<jueuco  of  the  presence  of  nn  electruinutur.  Wiien  the  electromotive  aotJoo,  more- 
over, is  rery  weak,  it  tnay  be  made  more  evidcat  by  revorsing  the  povition  of  the  electro 
inutor,  wttliout  tirst  repluL-ing  the  cutiDcctor;  bo  that  the  action  which  it  will  then  eiert  in 
the  reverse  direction,  will  be  streDgtbeaed  by  tbe  secondary  current  developed  by  tb«.' 
preTJoua  action. 

•  Of  this  very  remarkable  experiment,  wliicli  was  first  made  by  M.  da  Boia-RcymoDJ, 
the  Author  has  biiueelf  (through  that  goatlemun's  kindiieaa)  been  a  witness;  and  he  cno- 
DOt  eutert«io  tbe  least  doubt  as  to  ihe  gtnuintntu  ot  thepbcDomeuoD.— The  auceew  of  M. 
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452.  The  discovery  tliat  an  eledric  current  exiFts  in  Nerves,  the  coBclitions 
of  \ybich  ■re  in  most  respects  eiroilsr  to  that  of  the  Muscular  current,  is  entirely 
due  to  M.  du  BoiB-Reyniord.  When  a  small  piece  of  a  nerve-trunk  is  cut-off 
from  the  recently-ljilled  body,  and  is  so  placed  upon  the  electrodea  that  it  touches 
one  of  them  with  its  surface  (or  natural  hntjihtdinal  section),  and  the  other  with 
its  cut  extremity  (or  artificial  transvcrfe  section),  a  considerable  defleclion  of  the 
index  is  produced,  the  direction  of  which  always  jntlicatcs  the  passage  of  a  cur- 
rent from  the  interior  to  the  exterior  of  the  nerre-truiik.  It  is  indifferent  in 
regard  to  the  direction  of  the  current,  whether  the  ceotral  or  the  peripheral  cut 
extremity  be  applied  lo  the  electrode;  and  in  fuel  the  most  powerful  effect  is 
obtained  by  doublings  the  nerve  in  the  middle,  and  applying  both  trnnsverpe  sec- 
tions to  one  electrode,  whilst  the  loop  is  applied  to  the  other,  On  the  other 
hand,  if  the  two  cut  extremities  he  applied  to  the  two  elcotrodcs  respectively,  no 
decided  effect  is  produced ;  and  the  same  neutmlity  exists  between  any  two 
points  of  the  surface  of  the  tnink,  cquidiBtant  from  the  middle  of  its  leng^th ; 
bnt  if  the  points  b»  not  equidistant^  then  a  slight  deflection  is  produced,  indica- 
ting that  the  parts  nearer  the  middle  are  pogitive  to  those  nearer  the  extremitio?. 
It  has  not  been  found  possible,  owing  to  the  small  size  of  the  nerve-trunks  expe- 
riroented-on,  to  test  in  a  similar  manner  the  relative  state  of  different  points  of 
their  transverse  section ;  but  there  can  be  little  doubt,  from  the  complete  con- 
formity which  exists  in  oiher  respects  between  the  nervous  and  museuliir  cur- 
rents, that  the  same  law  will  be  found  to  prevail  in  this  as  in  the  former  case  ^ 
nanjcly,  that  the  points  nearer  the  surface  are  positive  to  those  nearer  the  centre. 
There  is  no  difference  between  ihe  motor  and  the  sensory  nerves  in  rej^ard  to  the 
direction  of  this  current,  the  oxi.«tence  of  which  has  been  proved  by  M.  du  Bois- 
lleyuiond,  not  only  by  the  {ralvanoineter,  but  also  by  the  excitement  *f  contrac- 
tions in  the  limb  of  the  galvanoscopic  frnjj.  —  The  'nervous  current/  like  the 
muscular,  must  be  considered  as  derived  from  the  electromotive  action  of  the 
inuleculea  of  the  nerve;  and,  for  tlie  reasoiis  already  pointed-out,  the  intensity 
of  the  current  in  the  immediate  neighbourhood  of  the  nioleeules,  may  be  infi- 
nitely prenter  than  that  which  is  shown  by  the  galvanometer  to  exist  in  the 
trunk  of  the  nerve. 

453,  We  have  now  to  follow  M.  da  Bois-Bcyraond  through  his  investigation* 
on  the  change  in  the  condittoD  of  the  •  nervous  current/ 
whilst   the  nerve  is  in  a  state  of  functional  activity,  Pio.  120. 

whether  niotorial  or  sensorial.     For  the  examination  of  E     P 

this,  it  is  desirable  to  induce  a  stalo  of  continuous 
action  in  the  nerve,  analogous  lo  the  tetanic  contraction 
of  muscle ;  and  this  condition  in  the  Miotur  nene  is 
manifes'tly  that  which  induces  tetanus  in  its  muscle, 
whiUt  in  sensory  nervea  it  is  that  in  which  a  violent 
sensation  is  uninterruptedly  kcpt-up.  No  means  of  ox- 
citing  SQch  a  state  are  so  certain  and  simple,  as  electric 
currents;  but  it  is  necessary  in  the  first  place  to  deter- 
mine the  modification  which  these  currents  may  them- 
selves produce  in  the  proper  '  nervous  current.'  If  a 
portion  of  nerve-trunk  be  so  placed  (Fig.  120),  that  it 
touches  one  of  the  electrodes  by  its  transverse  section 
(which  may  be  designated  t),  and  the  other  by  its  sur- 
face or  longitudinal  section  (h),  and  a  fiortion  of  its 
continuation  be  included  in  a  galvanic  circuit,  so  that  a  current  shall  pass  in  thu 

da  Boie-RcTtnond  in  these  nnd  similar  iaTestigntions,  is  doubttcas  due  in  greet  part  to  tlte 
tnarvrllous  senaitiTencss  of  the  (^aWanonieter  be  ein|iIoyB,  Ihc  coila  of  which  consist  of 
thrte  milt$  of  wire,  as  well  ss  to  the  perfection  of  the  various  arrangements  by  which  ho 
!•  ensbl^  to  avoid  or  elinuDste  sourceH  of  «n-or:  but  it  must  be  attrihuted  in  grent  part 
alfio  to  the  philoF^ophic  method  on  which  his  inqtiiries  are  plannedf  and  to  tb*  skill  mtd 
perseverasee  with  which  thej  are  carried-ouL 
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dircctioD  Z — P,  which  is  tbo  mme  in  its  direoMon  as  that  between  r — ^L,  then  iba 
intensity  of  the  'nervous  current'  T — L,  as  iadioated  by  the  deflectioD  of  lb« 
needle  of  the  galvanometer,  will  be  found  to  undergo  an  increase ;  whilst  on  the 
other  hand,  if  the  electric  current  be  passed  in  the  contrary  direction  p — z,  the 
intensity  of  the  *  nervous  current'  T — L,  will  decrease.  —  The  portion  i — p  of 
the  nerve,  which  is  included  in  the  electric  circuit,  is  termed  the  excited  por- 
tion, and  the  current  passed  through  it  is  the  txcilivg  rurrent ;  on  the  other 
hand,  the  portion  T — L  included  between  the  electrodes  of  the  galvanometer,  ia 
the  derived  portion  j  and  the  altered  condition  of  this  part,  which  is  produced  by 

the  extraneous  current  (this  current  having 
been  esptcrimen tally  proved  by  M.  du  BllHri 
Keymond  to  exert  no  influence  of  its  4ii^H 
on  the  galvanometer),  is  termed  the  tlcett^     ' 
tonic  ikite  of  the  nerve.     'When  the  inten- 
sity of  the  'nervous  current'  is  increiKd, 
the  nerve  is  said  to  be  in  the  potitivt  phott 
of  this  elcetrotonic  state;    and  when  it 
dimiuished,  the   nerve   is    in   the    nega, 
phase  of  that  state.  —  By  a  proper  ami 
ment,  the  same  exciting   current   may 
made  to  produce  the  positive  phase  in  one 
part  of  a   norve-tnink,    and   the   negitiv© 
phase  in  another.     Thus  if  the  two  extremi- 
ties of  a  nerve  (Fig.  121,  jo  and  c),  be  w 
connected  with  two  galvanometers,  that  both 
shall  develope  the  'nervous  current,'  and  an  intermediate  portion  be  excited  by 
the  transmission  of  an  electric  current  in  the  direftion  z — p,  the  nervous  cur- 
rent in  the  '  derived '  portion  c  will  be  increased  in  iatensity,  whilst  that  in  the 
portion  p  will  be  dimini.^hcd. 

45-4.  Hence  it  may  be  inferred,  that  when  any  portion  of  the  length  of  a 
nerve  is  traveraed  by  an  electric  current,  besides  the  usual  electro-motive  action 
of  the  nerve,  a  new  electro-motive  action  tates  place  in  every  point  of  the 
nerve,  by  a  polarization  of  the  electro-motive  elements,  which  action  has  the 
same  direction  as  the  exciting  current  it.seff;  and  a  current  is  thus  produced  in 
the  'dfrived'  portion,  which  is  added  to  the  original  *  nervous  current'  at  that 
end  of  the  nerve  at  which  the  direction  of  this  new  current  and  of  the  narooi 
current  coincide,  and  is  subtracted  at  that  end  at  which  the  directions  are 
different.  These  variations  in  the  intensity  of  the  'nervous  current'  continue  as 
long  a*  the  'exciting  current'  lasts,  and  immediately  cease  when  the  circuit  of 
that  current  is  broken.  It  is  to  the  induction  of  the  eleetrotonic  state  in  the 
nerve  supplying  it,  that  the  contraction  of  a  muscle  is  due,  which  ensues  on  the 
compk'tion  of  the  circuit;  and  to  the  cessatiua  of  this  state  that  the  muscular 
contraction  ia  due  which  is  consequent  upon  the  interruption  of  the  circoit 
Hence  the  eleetrotonic  changes  in  the  condition  of  nerves  may  be  observed  with- 
out previously  dividing  them,'=-Whc'n,  on  (ho  other  hand,  a  nerve  is  'tetaniMd' 
by  passing  an  interrupted  and  alternating  current  through  a  portion  of  it,  tbs 
effect  is,  as  in  the  case  of  muscle,  to  pniduce  a  Jiminution  in  its  own  proper 
current ;  the  needles  of  both  galvanometers,  in  the  arrangement  last  described, 
being  deflected  to  the  negative  side,  instead  of  one  going  back  to  Eero  and  th« 
other  having  its  positive  deiSectinn  increased,  as  happens  when  the  'excited  por- 
tion '  ia  subjected  to  a  continuous  and  uniform  current.  The  same  negativt 
variation  of  the  nervous  current  has  been  demonstrated  by  M.  du  Bois-Beymond 
in  nerves  tetanized  by  other  means,  as  by  the  use  of  strychnia.  And  the 
phenomena  both  of  the  'eleetrotonic  state,'  and  of  the  'negative  variation'  are 
precisely  the  same,  whether  motor  or  sensory  nerves  be  subjected  to  the  experi- 
ment; thus  making  it  appear  that  nerve-force  may  be  transmitted  in  either 
direction  along  each  of  these  orders  of  nerves. 
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455.  A  very  remarkable  motlificntinn  of  the  'nervous  current*  has  been 
Bhown  by  M.  du  Bois-Reymnnd  to  follow  sevfre  injaries  of  the  nerve,  by 
mechanical,  chcntical,  or  thermal  njrencies.  If,  for  instance,  a  piece  of  hot  uietal 
be  brought  near  to  the  nerve  without  touching  it,  the  nervous  current  will  be 
»ecn  to  diminish  rapidly,  and  to  have  its  direction  reversed,  during  which  the 
property  possessed  by  the  nerve  of  conveying  irritation  to  the  njusclo,  though 
somewhat  impaired,  will  not  be  destroyed ;  and  if,  while  in  this  abnormal  state, 
the  nerve  be  divided,  every  transverse  section  is  found  neutral  or  positive  to  the 
longitudinal  section,  instead  of  negative.  If  the  nerve-trunk  be  then  placed 
between  muscles,  so  as  to  recover  its  natural  moisture,  it  will  at  the  same  time 
recover  ita  usual  electro-motive  power. ' 

456.  Some  of  the  most  important  parts  of  the  body  being  thus  )n  a  state  of 
constant  disequilibrium  with  regard  to  each  other,  it  is  not  purprising  that  the 
electric  state  of  the  whole  should  he  ordinarily  in  disequilibrium  with  that  of 
surrounding  bodies.  This  diflercnce,  however,  is  usually  prevented  from  mani- 
festing itself,  in  consequence  of  the  restoration  of  the  equilibrium  by  the  free 
contact  which  is  continually  taking-place  between  them ;  and  it  is  for  the  most 
p«rt  only  when  the  Human  body  is  insulated,  that  it  becomes  apparent.  The 
galvanometer  is  then  affected,  however,  by  the  contact  of  one  of  its  electrodes 
with  the  person  insulated,  and  the  other  with  any  neighbouring  uninsulated  body ; 
and  also  by  the  contact  of  the  ek'Ctrode  with  the  hands  of  two  persons  both 
insulated,  who  join  their  other  hands  togeihcr,  a  differcmce  in  the  electrical 
states  of  the  two  individuals  being  thus  indicated.  The  electricity  of  man  ia 
most  frequently  positive,  and  irritable  men  of  sanguine  temperament  have  more 
free  electricity  than  those  of  phlcgniatic  character;  the  electricity  of  women  is 
more  frequently  negative  than  that  of  men.  There  are  persona  who  acarcely 
ever  pull-off  articles  of  dress  which  have  been  worn  neit  the  skin,  without  sparks 
And  ft  crackling  noi.«e  being  produced;  especially  in  dry  weather,  when  the 
electricity  of  the  body  is  retained,  instead  of  being  rapidly  dissipated  as  it  is  by 
a  damp  atmoephere.  The  effect  is  usually  heightened,  if  silk  stockings  and 
otber  silken  articles  have  been  worn,  since  tbese  act  as  insulators.  It  is  doubt- 
leis  in  part  attributable  to  the  friction  of  the  articles  of  dress  against  each  otber 
and  against  the  body^  but  we  can  scarcely  doubt  that  it  is  partiv  due  to  tho 
geoeratioQ  of  electricity  in  the  body  itself,  since  it  bears  no  constant  relation 
to  the  former  of  these  supposed  causes.  Thus  a  Capuchin  friar  is  mentioned  by 
Dr.  Schneider,*  who,  on  removing  his  cowl,  always  found  a  number  of  shining 
crackling  sparks  to  pass  from  bis  scalp;  and  this  phenomenon  continued  still 
perceptible  after  a  three  weeks'  illness. — The  most  remarkable  case  of  the  gene- 
ration of  Electricity  in  the  Human  subject  at  present  known,  was  recorded  some 
years  since  in  America.'    The  subject  of  it^  a  lady,  was  for  many  months  in  an 

'  Tfae  materials  of  several  pi-Meriing  paragraphs  bave  b«en  deriirrd  from  the  sketch  of 
M.  du  Boi*-Beyuiond'8  reaearcbee,  hj  Dr.  Bence  Jones  ("  On  itmiinnl  Electricity  ;  being  an 
AtMtract  of  the  Discoveries  of  Kmlli  du  Bois-Ke>'niond").  Having  himself  had  the  oppor- 
tnnitj  of  witnessiDg  a  ooD!i<Jerab1e  ntiinber  of  the  experimctita  above  referred  to,  the 
Author  feels  it  due  to  M.  du  Bois-Reyinond  to  state,  that  their  results  correapond  ao  pre- 
eiMly  with  his  prediction!  in  ewtrj  inatance,  a«  to  prove  thnt  be  bad  acquired  a  thorough 
Bsaterj  over  the  conditioDa  of  the  pbenomeiui.  And  h«  may  mention  the  experimental 
demonatration  of  the  *  nervoua  current,'  aa  most  folly  aatiafactory.. — It  may  l>e  stated 
with  confidence,  that  the  cotirHe  of  inTcstigation  which  is  being  followed-out  by  M.  da 
Bois-Reymond,  is  one  pre-eminently  fRk'ulateil  to  develope  results  of  importance  in  Phy- 
siology :  and  ia  the  only  one  ont  of  which  definite  indications  in  reganl  to  Therapeutic 
•pplioBtiona  of  Electricity  can  t^e  expected  to  arise. — A  oolteetion  of  Inboriona  results  on 
this  last  subject,  entitled  "  De  rElcctrisation  localia^e,  et  de  son  ^Application  &  la  Pbyei- 
ologie,  4  la  I'athologie,  et  &  la  Tberapeutique,"  baa  just  been  publieheiJ  (Paris,  1866)  by 
Dr.  Duchenne  of  Boulogne.  8ea  also  *'Brit  and  For.  Med.-Chir.  Rev^"  vols.  iu.  p.  878, 
and  XT.  p.  138. 

•  "Caaper'e  Wochenechrift,"  1849,  No.  15. 

'  **  American  Jonrsal  of  Medical  Sciescea,"  January,  1838 
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electric  state  so  diSereDt  from  that  of  the  surroundinf!;  bodi&s  that  wbooenr 
abe  was  but  slighttj  iosulated  by  a  carpet  or  other  ieebly-ooadactiDg  medium, 
sparks  passed  beiwecii  her  persua  nad  aay  object  she  approached;  wheo  ntoet 
favuurnblj  circumstanced,  fuur  sparks  per  minute  would  pass  from  her  finger  lo 
the  brass  ball  of  the  stove  at  tbe  distance  of  li  inch.  From  the  paia  which 
accompli  tiled  the  passage  of  the  sparks,  her  condition  was  a  soarce  of  much  dis- 
comfort to  her.  The  circumstances  which  appeared  most  favoarable  to  tiie 
goneraiioQ  of  the  eieetricity,  were  an  atmosphere  of  about  80**,  tranquillity  of 
miud  and  social  enjoyntcnt ;  whilst  a  low  temperature  and  depressiag  emotioaa 
diminished  it  in  a  correspotidiug  degree.  The  pheuomenoa  was  first  noticed 
during  the  occutTence  of  an  Aurora  Borealis;  and  though  its  first  appearance 
was  sudden,  its  departure  was  gradual.  Various  experiments  were  made,  with 
the  view  of  ascertaining  if  the  electricity  was  generated,  by  the  friction  of  artidea 
of  dress;  but  do  change  in  these  seemed  to  modify  its  inteusity. 
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OF  TEK   FUNCTIONS   OF  THE  C£R£BnO-BPINAL  NERVOUS   SYSTEM. 

1. — General  Summary. 

457'  The  Nervous  System  of  Man,  like  that  of  all  other  animals,  is  oompoted 
of  t/anjl ionic  centres  and  nerve-trunk*;  tho  former  being  essentially  composed 
of  '  vesicular  substance/  made-up  of  cella  which  may  be  spheroidal,  fusiform, 
caudate,  stellate,  or  of  almost  any  variety  of  shape;  the  tatter  consisting  entirely 
of  'nerve-fibres,'  which,  in  their  most  completely-developed  state,  are  tubular 
(See  Princ.  of  Gen.  Pnva.,  Am.  Ed.).  All  our  knowledge  of  the  struc 
and  endowments  of  these  two  forms  of  tissue,  renders  it  probable  that  they 
a  compfemenlari/  relation  to  each  other;  the  Vesicular  Hubstance  having  for 
office  lo  originate  changes,  which  it  is  the  function  of  the  Fibrous  to  conduct. 
And  thus,  by  means  of  the  extenpive  ramifications  of  the  nerve-trunks,  and  the 
power  of  instantaneous  transmission  which  they  posse^fts,  almost  every  part  of  the 
body  is  brought  into  such  close  relation  with  the  central  Seiisorium,  that  impres- 
sions made  even  at  the  points  most  remote  from  it  are  immediately  felt  there  (pro- 
vided the  nervous  communicaliua  be  perfect)  ;  while  the  influence  of  Mental  statei 
in  dett-Training  movements,  is  exerted  no  less  speedily  and  surely  upon  the  muscu- 
lar apparatus.  For  the  transmission  of  these  two  sets  of  impressions,  the  '  oen- 
tripetal '  and  the  'centrifugal,'  two  distinct  eets  of  fibres  are  provided,  neither 
of  which  is  capable  of  tuking-on  the  function  of  the  other ;  these  are  termed  re- 
spectively, the  afferent  and  the  efferent^  Of  the  mode  in  which  the  former  ter- 
minate in  the  central  organs  towards  which  they  pass,  and  in  which  the  latter 
commence  their  course  in  these  same  organs,  no  general  statement  can  as  yet  be 
made ;  but  it  in  quite  certain  that,  in  many  instances  at  least,  there  is  an  abso- 
lute continuity  from  one  form  of  nerve-tidsue  to  the  other.  Three  principal 
modes  have  been  ascertained,  in  which  this  may  occur.  Either  a  globular  cell 
may  give-off  a  single  prolongation  that  becomes  a  fibre,  as  seen  at  a,  Fig.  122; 
in  which  case  the  cell  is  said  to  be  'unipoEar.'  Or  a  giiogl ion-cell  presents  itselt 
(na  it  were)  in  the  course  of  a  nerve-tube,  having  each  of  its  extremities  pro- 
longed into  a  fibre,  as  shown  m  Fig.  123 ;  in  which  case  the  cell  is  said  to  be 
*  bipolar.  "^     The  former  of  these  arrangements  seems  to  be  more  common  in  the 

The  '  nfFereat"  nerren  are  commonty  designated  lentortf  ;  bat  thia  ia  not  atricllj  cor- 
rect, amce  they  frequently  convey  iiupressirms  wblch  do  not  giie  rise  to  ■ensationi.  The 
'efferent'  nervea,  in  like  mauuer,  though  geaerallj  motor,  are  by  no  means  neoeaearilyM. 


BBLATI0N8  Or  VS8ICULAB  AND  FIBROUS  NEBVB-TI8SUBS. 
Fio.  138.  Fie.  128. 
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Mieroieopie  Oanglion  trom  Heart  of  Frog, 
■bowing  ftt  a,  a  Unipolar  Oanglionie  Cell. 


Bipolar  Oanglionie  CtlU  and  nerre'lIbrM 
from  ganglion  of  ftth  Pair  in  Lamprey. 


nenroos  centres  of  Man  and  the  higher  Yertehrata ;  whilst  the  latter  prevails  in 
Fishes.  But  in  certain  parts  of  the  nervous  centres  of  Man,  vre  meet  with  gan- 
glionic cells  sending-out  radiating  prolongations  to  the  numher  of  three,  ^ur, 
five,  six,  or  more ;  some  of  which  are  occasionally  to  be  traced  into  continuity 
with  the  axis-cylinders  of  nerve-tubes,  as  seen  at  a,  6,  Fig.  124 ;  whilst  others, 


Fig.  124. 


SitUaU  Oangliottie  C«U,  from  'rabstantla  ferniginea'  of  Hnmaa  Brain;  on*  of  Its  pro- 
longatiou,  a,  becoming  oontinnoni  with  the  azia-eylinder  of  a  donbto-eontowred  ner?** 
fibref  o. 

it  is  probable,  inosculate  with  thoee  of  other  stellate  cells.  Whether  more  than 
one  fibre  ever  arises  from  one  of  these  vesicles,  cannot  yet  be  positively  stated. — 
We  should  be  by  no  means  justified  in  concluding,  however,  that  ganglionic  cells 
have  no  other  structural  or  functional  relation  to  nerve-fibres,  than  that  which 
they  derive  from  anoh  direct  continuity.    For  there  are  indubitably  many  gan 
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glionio  cells,  which  are  simple  epheroidB,  Ijiag  among  the  nerve-tubes  j  whilst 
OQ  the  other  band,  there  are  namerous  instances  in  which  fibres  that  enter  tlie 
ccDiral  orgaDa,  return  bj  loopt,  without  forming  any  closer  connection  with  g&n- 
glion-cell^,  tbao  that  which  their  juxtaposition  brings-about.  It  cannot  be 
thctught  probable,  either  that  the  simple  spheroidal  vesiclea  are  destitute  of  pfa^- 
Biolugical  importance,  or  that  nerve-Ghres  would  thus  pass-in  aaongat  them,  and 
return,  if  some  purpose  were  not  answered  by  their  doing  so.  And  we  seem 
justified  therefore,  in  looking  at  this  as  one  of  the  regular  modes  in  which  the 
two  elemeDtarj  components  of  the  Nervous  System  are  brought  into  mutoil 
action;  the  whole  question,  however,  of  the  nature  of  that  action,  and  of  its 
diversities  in  the  several  cases  just  described,  being  one  which  is  at  present 
entirely  op<;a. 

458.  The  general  relations  of  the  principal  Centres  of  the  Nervous  System  of 
Man,  having  been  already  considered  (§§  45 — 47),  it  is  only  requisite  here  to 
remark,  that  those  which  make  up  the  Cerebro-8pinal  portion  of  the  appantos 
have  such  an  intimate  structural  relation  to  each  other,  and  so  much  more  fre- 
quently act  consentaneously  than  separately,  that,  notwithstanding  the  abundant 
evidence  of  the  diversity  of  their  respective  endowments,  there  is  considerable 
difficulty  in  the  determination  of  their  special  functions ;  since  the  destruction 
or  removal  of  any  one  portion  of  the  Nervous  System,  not  only  puts  a  stop  to  the 
phenomena  to  which  that  portion  is  directly  subservient,  but  so  derangos  the 
general  train  of  nervous  activity,  that  it  often  becomes  impossible  to  ascertain,  by 
any  such  method,  what  is  its  real  share  in  the  entire  performance. — In  this 
difficulty,  however,  we  may  advantageously  have  recourse  to  the  study  of  the 
Structure  and  actions  of  those  forms  of  the  Nervous  System  presented  to  os 
among  the  lower  animals,  in  which  its  gangliunio  centres  are  fewer  and  less 
intimately  connected,  and  in  which,  therefore,  it  is  more  easy  to  gain  an  acqaaiot- 
ance  with  their  several  endowments.  And  from  an  extensive  survey  of  these, 
we  seem  able  to  deduce  the  following  conclusions,  which  afford  the  most  valuable 
guidance  in  the  study  of  the  Nervous  System  of  Man  :' — 

I.  The  Nervous  System,  in  its  lowest  and  simplest  form,  may  consist  of  but  a 
single  gaogtiouie  centre,'  with  afferent  and  motor  nerves,  whose  function  ia 
essentially  iatern uncial }  impressions  made  upon  the  afferent  fibres  exciting 
respondent  or  '  refiex'  movements  in  the  muscles  supplied  by  the  motor,  without 
any  necessary  interveniion  of  consciousness.  —  Such  movements  are  properly 
distingubhed  as  excito-mofor. 

II.  A  simple  repetition  of  such  ganglionio  centres  may  exist  to  any  extent, 
without  heterogeneousncss  of  function,  or  any  essential  departure  from  the  mode 
of  action  just  indicated;  each  of  thcne  centres  maybe  specially  connected  by 
afferent  and  motor  fibres  with  one  segment  or  division  of  the  body,  and  may 
minister  peculiarly  to  its  actions ;  but  the  several  centres  may  be  so  intimately 
connected  by  commissural  fibres,  that  an  impression  made  upon  the  afferent 
serves  of  any  one  of  them  may  excite  respondent  motions  in  other  segments. — 
This  we  see  effected  through  the  annular  gangliated  cord  of  the  higher  Radiata, 
and  through  the  longitudtool  gaugliated  curd  of  tbe  Articulata;  the  disposition 
of  tbe  ganglia  and  of  their  connecting  cordSj  having  reference  simply  to  the 
general  plan  of  the  body. 

III.  A  higher  form  of  Nervous  System  is  that  in  which  the  multiplication  of 
ganglionic  centres  has  reference,  not  to  the  multiplication  of  similar  parts  which 
are  to  be  alike  supplied  with  nervous  power,  but  to  the  exercise  of  a  diversity  of 

'  For  a  genernl  viow  of  the  facta  oa  whioh  these  caaclusioos  are  based,  sea  **  Prioc  of 
Comp.  Phys.,"  Am.  Ed.,  Chap.  xin. 

'  It  may,  perhaps,  be  doubted  whetlier  any  Ammal  really  exists,  posseftnng  tocli  a 
nerrous  ajetem,  nnd  jet  not  endowed  with  coDscioufiness.  It  ia  quite  certain,  bowcTet, 
that  animals  do  exiet  (the  Tanicated  Motltisoa  for  esample),^  in  which  the  aotiona  aboT<e 
referred  to  are  tbe  only  ooea  of  vhioh  wo  have  any  diatiact  evidonoe  tnm  obaerratioa  of 
thair  habits. 
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fuactions,  throtigb  the  instrumentality  of  different  utructures  :  thus,  in  the  liigher 
Articulated  and  Molluscous  tribes,  we  find  gBnglionio  centres  Bpeciallj  get  npart 
for  the  actions  of  depluiition  and  respiration,  as  well  as  for  those  of  locomotion; 
bat  their  modus  operandi  is  still  the  same,  these  actions  being  all ' excito-tnotor,' 
that  is,  being  performed  through  the  *  reflex'  agency  of  their  several  ganglionic 
centres,  without  the  necessary  intcrrention  of  consciousness.  These  centres  are 
ooooected  with  eacb  other  commieaumlly,  when  they  are  required  to  act  with 
oonscntaneoosncss ;  and  it  is  frequently  to  be  observed  in  the  most  developed 
formp  of  each  type,  that  they  come  into  actual  coalescence,  their  functional  dis- 
tinctness being  still  indicated,  however,  by  the  distributfon  of  their  nerve-trunks. 

TV.  In  all  but  the  very  lowest  Invertebrata,  the  Nervous  System  includes,  in 
addition  to  the  foregoing,  certain  ganglionic  centres,  situated  in  the  neighbour- 
bood  of  the  entrance  to  the  digestive  cavity,  and  connected  with  organs,  which, 
from  their  more  or  less  close  resemblance  to  our  own  instruments  of  special 
sense,  we  conclude  to  be  organs  of  sight,  smell,  bearing,  &c.  Now  as  we  know 
from  our  own  experience,  that  impressions  made  upon  those  organs  produce  no 
influence  on  our  actions  nnlesis  we  become  contnovf  of  them,  and  as  the  Inver- 
tebrata possess  no  distinct  ganglionic  centres  of  a  higher  character,  it  seems  to 
be  a  legitimate  inference,  that  these  'sensorial'  gnnglia  are  the  instnimenta  by 
which  the  animals  furnished  with  them  are  rendered  cognizant  of  such  impres- 
sions, and  through  which  the  sensations  thus  called  into  existence  serve  to  prompt 
and  direct  tboir  movements.  What  is  commonly  designated  as  the  'brain'  of 
Invertebrata  (more  properly  their  'cephalic  ganglia')  cannot  be  shown  to  consist 
of  anything  else  than  an  assembloge  of  sensorial  centres;  and  its  actions  appear 
to  be  entirely  of  a  *  reflex '  character,  such  of  the  movements  of  these  animals  a£ 
are  not  excito-motor,  being  performed  (there  is  strong  reason  lo  believe)  in  direct 
respondence  to  sensations  excited  by  internal  or  external  impressions.  Such 
movements,  therefore,  may  be  designated  as  »aigf/ri-motor,  or  c^iviensrual.  Like 
the  preceding,  they  do  not  appear  to  involve  the  participation  either  of  Emotion, 
Reason,  or  Will ;  and  the  proportion  which  they  bear  to  the  actions  of  the  excito- 
motor  kind,  seems  to  corre.<!pond  pretty  closely  with  the  relative  development  of 
the  cephalic  ganglia  and  of  the  rest  of  the  nervous  system,  as  is  very  nbvioua 
when  the  larva  and  imago  states  of  Insects  are  eorapnred.  —  However  disjointed 
the  various  'excito-motor'  centres  may  be  amongst  each  other,  we  unifornjly  find 
them  connected  with  the  'sensory'  gsinglia  by  commissural  tracts j  and  this  ana- 
tomical fact,  with  many  phenomena  which  observation  and  experiment  upon  their 
actions  have  brought  to  light,  make  it  apparent,  that  besides  the  reflex  actions 
which  are  perfonued  through  their  own  direct  instrumentality,  the  sensory  gan- 
glia have  a  participation  in  those  performed  through  other  ganglionic  oentrea. 
Thus  it  seems  probable  that  a  stimulus  transmitted  downwards  from  the  sensory 
ganglia,  to  one  of  the  ganglia  of  the  trunk  of  a  Centipede,  excites  the  efi'erent 
nerves  of  that  ganglion  to  call  into  contraction  the  muscles  supplied  by  them, 
just  aa  the  cxcitor  influence  arriving  at  that  ganglion  through  ita  own  afferent 
nerves  would  do. 

459.  The  whole  Nervous  System  of  TnTertcbrated  animals,  then,  may  be  re- 
garded as  ministering  entirely  to  purd^-rejtex  action;  and  its  highest  develop- 
ment, as  in  the  class  of  IniM^cts,  is  coincident  with  the  highest  manifestations  of 
the  'instinctive'  powers,  which,  when  carefully  examined,  are  found  to  conssist 
entirely  in  movements  of  the  excito-motor  and  sensori-motor  kinds.  When  we 
attentively  consider  the  habits  of  these  animals,  we  find  that  their  actions,  though 
evidently  adapted  to  the  attainment  of  certain  ends,  are  very  far  from  evincing  a 
dfistf/ned  adaptation  on  the  part  of  the  beings  that  perform  them,  such  as  that  of 
which  we  are  ourselves  conscious  in  our  own  voluntary  movements,  or  which  we 
trace  in  the  operations  of  the  more  intelligent  Vertebrata.  For,  in  the  first 
plaoe,  these  actions  are  invariably  performed  in  the  same  manner  by  all  the  in- 
dividuals of  a  species,  when  the  conditions  are  the  same ;  and  thua  are  obvioualj 
28 
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U>  be  a'tribatecl  ratber  to  a  uoiforin  impalse,  than  to  a  free  choice;  the  most  r^ 
•nuirkable  examplea  of  this  being  furnished  by  tbe  economy  of  Bees,  Wasps, 
pother  'Bueiiil'  Insects,  in  wbicb  every  iDdividual  of  the  comtnuDity  performs  i 
opropriate  part,  with  the  exactitude  and  lutthod  of  a  perfect  macbine,     ~~ 
l^ery  perfection  of  the  adaptutioo,  again,  \a  oftcD  of  itself  a  Bofficient  evidei 
[of  the  uiircasoning  character  of  tbe  beings  wbicb  perform  tbe  work  ;  for,  if 
ittribute  it  to  their  owq  intelligence,  we  must  admit  that  this  int«Uiget]ce 
Iquently  equals,  if  it  dues  not  surpass,  that  of  the  most  accomplisbed  Uui 
Tea^oncr.'     Moreover,  thcae  operations  are  performed  without  anjr  guidance  fr 
rxperieuce ;  for  it  cao  be  provf«d  in  many  cases,  that  it  i^  irupoasible  for 
beings  wbicb  execute  them  to  have  received  any  instruction  whatever ;  and 
IBee  that  they  do  not  tbemselvea  make  any  progressive  attempt  towards 
tion,  but  that  they  accomplish  their  work  as  well  when  they  first  apply* the 
selves  to  it,  B8  after  any  number  of  repetitions  of  the  same  acts.     It  is  iotei 
ing  to  observe,  moreover,  that  aa  these  instinctive  operations  vary  at  differ 
periods  of  life,  »a  there  is  a  corresponding  variation  in  the  structure  of  tbe  Nil 
V0U8  system.     Thus  we  see  that,  in  the  larva  of  tbe  Insect,  these  operationa 
entirely  directed  towards  the  acquisition  of  food ;  and  its  organs  of  sense 
locomotive  powers  are  onJy  so  far  developed  as  to  servo  this  purpose.     Bnt 
tbe  imaffo  or  perfect  Insect,  tlie  primary  object  is  tbe  continuance  of  tbe 
and  the  sensorial  and  motor  endowments  are  adapted  to  enable  tbe  individual  to 
'  teek  its  mute,  utid  to  make  preparations  (freqtienllj  of  a  most  elaborate  kind) 
for  tbe  nurture  of  the  oflfepriug.  —  Hence  we  can  scarcely  fail  to  arrive  at 
I  conclufitou,  that  the   adapt ivent&s  of  the  instinctive  operations  of  Insecta, 
[lies  in  the  original  cooslructiou  of  their  nervous  system,  which  causes  partici; 
MDQovements  to  be  executed  in  direct  respondence  to  certain  impressions  and 
locations.     And  this  view  is  confirmed  by  the  comparison  of  such  movements 
those  which,  iu  the  Human  subject,  are  most  directly  concerned  ia  tbe  mi 
tenanoe  of  the  life  of  the  individual,  and  in  the  perpetuation  of  the  race, 
we  have  tbe  evidence  of  our  own  consciousness  in  regard  to  these,  that,  howei 
I  obvious  iheu  pttrjiffsc  maybe,  and  however  complete  their  adaptation  to 
[purpose,  they  are   performed,  not  with   any  notion  of  that  purpose,  but  at 
prompting  of  an   irresistible  impulse,  which  is  not  only  independent  of  all 
'teltigent  appreciation  of  the  result,  but  may  produce  its  effect   without  ei 
affecting  the  coasciousncsis  of  tbe  agent.     Thus  the  infant  seeks  the  nipple, 
J  puts  its  muscles  into  suctorial  action,  without  any  knowledge,  derived  from 
'pcrieDcc,  that  by  so  doing  it  will  relieve  the  uneasy  feeling  of  hunger;  and 
we  could  imagine  a  man  coming  into  the  world  with  the  full  possession  of 
his  faculties,  we  may  feel  tolerably  certain  that  he  would  not  wait  to  eat  until 
bad  learned  by  experience  his  dopendence  upon  food.     We  shall  se*  (§529) 
a<lult  aniniiils  whose  Cerebral  heiuispheres  have  been  removed,  will  eat  food 
in  put  into  their  mouths,  although  they  will  not  go  to  seek  it;  and  this  is 
case  with  many  Human  idiots.     When  the  functions  of  the  Brain  are  distur 
or  in  partial  abeyauce,  as  in  fever,  we  often  observe  a  remarkable  return  to 
iustiuctive  propensities  in  regard  to  food;  and  the  Physician  frequently  derivi 
important  guidance  with  rei^pect  to  the  paliont'a  diet  and  regimen  (particuln 
as  to  the  aJministratiun  of  wine),  from  the  inclination  or  disinclination  which 
maoifests.     So,  in  regard   to   the  iutercourse  of  the  sexes,  tbe   impulse  whi 
prompts  to  it  does  not  arise  from  a  knowledge  of  the  ultimate  purposes  which  j 
is  designed  to  answer;  and  the  higher  powers  of  the  mind  are  only  so  far 
oeroed  in  it,  thut  when  the  action  of  the  instinctive  impulse  has  led  to  the  for' 
madon  of  a  definite  idea  of  the  object  of  desire,  tbe  Intelligence  is  prompted  to 
take  means  for  its  gratification.' 

*  flee  ^'Prino.  of  Comp.  Phys.,"  Am.  Ed.,  p.  679. 

■  We  b&T«  not,  p^rhnp?,  any  right  to  affirm  that  there  is  nothing  whaltver  analogoni  ia 

the  Invertebrata  to  the  Heasonixig  powers  and  Will  of  highu'  kuimala  j  bol  if  those  faoaU 
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460.  Thu?,  then,  the  type  of  psychical  perfection  nmong  Invcrtobrated 
anionls,  which  is  maoifesited  in  the  highest  degree  in  the  Social  Insects,  connists 
in  the  exclusive  development  of  the  Instinctive  faculty ;  that  is,  of  automatic 
powers  of  a  very  simple  kind ;  in  virtue  of  which,  each  individual  perfonns 
those  actions  to  which  it  is  directly  prompted  by  the  impulses  arising  out  of 
impressions  made  upon  its  afferent  nerves,  without  any  Belf-contTo!  or  eclf-direo- 
tion  ;  so  that  it  must  be  regarded  as  entirely  a  creature  of  necessity,  performing 
it*  instrumental  part  in  the  ecotjomy  of  Nature  from  no  dosij^n  or  will  of  ita 
own,  but  in  accordance  with  the  plan  originally  devised  by  its  Creator. 

461.  On  turning  to  the  Vertebratcd  series,  on  the  other  hand,  we  find  that 
its  type  of  psychical  perfection — as  shown  in  Man — consists  in  the  highest 
development  of  the  Rentnn,  and  in  the  supreme  domination  of  the  WxU,  to  which 
all  the  'automatic'  actions,  save  those  which  arc  absolutely  essential  to  the 
maintenance  of  the  Ortranio  functions,  are  brought  under  subjugation ;  so  that 
each  individual  becomes  not  only  a  thinking  and  reflecting,  but  a  self  moving 
and  self-controlling  agent,  whose  actions  are  performed  with  a  definite  purpose 
which  is  distinctly  before  his  own  view,  and  are  adapted  to  the  attainment 
of  their  end  by  his  own  intelligence,  TLis,  however,  is  only  true  of  Man  in 
his  most  elevated  slate;  and  not  only  in  asceoding  the  Vertebrated  scale, 
but  also  in  watching  the  progressive  evolution  of  Ai's  mental  faculties  during  the 
earlier  periods  of  his  life,  may  we  trace  a  regular  gradation,  from  a  condition  but 
little  (if  at  all)  in  advance  of  that  of  the  higher  Invertebrata,  up  to  that  which 
is  displayed  in  the  noblest  examples  of  Humanity.  Through  the  entire  series, 
however,  we  perceive  that  ihe  Excito-motor  and  Rensori-motor  jMjrtion  of  the 
Nervous  system  (§404)  constitutes  its  fundamental  and  essentia]  part;  sen-ing 
not  merely  as  the  instmraent  whereby  those  actions  are  performed,  which  are  as 
necessary  among  the  higher  animals  as  they  are  among  the  lower,  for  the  main- 
tenance of  the  Organic  functions  (§§  24,  25)  ;  but  also  as  the  immediate  recipient 
of  all  those  impressions  from  wifbout,  by  which  the  higher  operations  of  Mind 
are  excited,  and  as  the  executant  of  the  actions  which  proceed  from  them.  But 
as  we  ascend  the  Vertebrated  bcaIp,  or  as  we  watch  the  progressive  psychical 
development  of  the  Infant,  we  find  it  becoming  more  and  more  obvious  that  the 
actions  are  prompted,  not  so  much  by  simple  sensations,  as  by  ideas  or  notions  of 
the  objecta  to  which  they  relate;  these  ideas  being  founded,  in  a  large  propor- 
tion of  instances,  upon  the  results  of  past  experience,  and  the  course  of  action 
being  shaped  in  accordance  with  it.  In  the  acts  of  animala  of  a  still  higher 
grade,  as  in  those  of  the  Child,  we  can  scarcely  fail  to  perceive  the  raonifestation 
of  reasfming  prorcsnes  tixitk\opoxi%  to  those  which  we  ourselves  perform,  and  the 
expressions  of  some  of  those  rmotkmal  statfs  of  which  we  are  ourselves  conscious. 
The  superaddition  of  these  more  elevated  endowments,  in  the  Vertebrated  series, 
is  coincident  with  the  addition  of  a  peculiar  ganglionic  centre,  the  Cerehntmi, 
to  the  Sensori-rootor  apparatus;  and  the  relative  proportion  which  the  former 
bears  to  the  latter,  both  as  to  eixc  and  to  complexity  of  structure,  correspondH 
80  cIo«ely  with  the  degree  of  predominance  which  the  Intelligence  possesses  over 
the  Instinctive  propensities,  that  it  is  scarcely  possible  to  doubt  that  the  Cerebrum 
is  the  instrument  through  which  this  higher  form  of  psychical  power  is  exercised 
Much  of  this  exercise,  however,  may  still  be  ovttimatic  in  its  nature;  for  so 
long  as  the  current  of  thougrht  and  feeling  flnws-on  in  accordance  with  the  direct 
promptings  of  Suggestion,  and  without  any  interference  from  Volition,  may  it  be 
considered  as  a  manifestation  of  the  'reflex'  activity  of  the  Cerebrum,  which 

tie*  hiive  any  existence  ainonf;  theni,  they  roost  be  repnrded  as  in  a  merelj  rudimentary 
8t«te,  corresponding  with  the  undeveloped  condition  of  (he  Cerebrum.  The  onlj  distinct 
indicnlion  of  intellipence  displayed  hy  Invertebrata,  is  the  Blight  dejrree  of  capacity  of 
"leftminfc  by  experience"  which  aome  of  them  display;  this  cnpacity  being  limited  to 
the  mere  formfttion  of  aaaodationt  between  the  phyBical  states  called-up  bj  different  objects 
of  «eoKe.  which  we  observe  to  be  the  firat  stage  in  the  dcTelopmcot  of  the  menial  powers 
in  the  Iluman  infant — (See  "Pmsc.  or  CowF,  Pbti.,"  Am.  Ed.J  682  noU), 
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takes  the  form  of  a  mental  {nttinct.     This  reflex  activity  manifests  itself  not 
only  in  the  psychic-al  operations  themseWcs,  but  also  in  muscolar  movements 
and  these,  when   they  proceed  from  simple  ideas,  without  any  excitement  oCj 
feeling,  may  be  dcstj^nated  aa  iJm-motor  ;  whilst,  if  they  spring  from  a  paasion 
emotion,  they  are  termed  emotional.     The  viental  instincts,  however,  arc  by  n&- 
tucans  as  itn^ariable  in  the  different  individuals  of  the  same  species,  as  are  what 
may  be    termed   the  pht/incal  lo^incta  of  that   inferior   part  of  the  nervous 
apparatus,  which  is  more  closely  connected  with  the  maintenaoce  of  the  Organic 
life ;  the  particular  changes  which  any  given  STiggestions  will  excite  in  each, 
being  partly  determined  by  original  constitution,  and  partly  by  acquired  habit?. 

462.  The  saperiority  of  the  Mind  of  Man  over  that  of  the  most  elevated 
among  the  lower  animals,  consists,  not  only  in  the  far  greater  variety  and  range 
of  his  facalties,  bat,  yet  more,  in  that  dominant  power  of  the  Will,  which  en- 
ables him  to  utilize  them  with  the  highest  eS'ect.  In  so  far  as  the  course  of  his 
thoughts  and  feelings  is  the  mere  result  of  the  action  of  external  impressions 
upon  an  organization  having  certain  respondent  tendencies,  must  he  be  con- 
sidered as  irresponsible  for  his  actions,  his  character  being  formed y?>r  instead 
of  by  him :  but  in  so  far  aa  he  can  exert  a  Volitional  power  of  directing  his 
thoughts  and  controlling  his  feelings,  may  ho  rise  superior  to  circumstances, 
make  the  moat  advantageous  use  of  the  Intellectual  faculties  with  which  he 
may  be  endowed,  and  bring  his  Moral  character  more  and  more  into  accord- 
ance with  the  highest  type  which  his  nature  may  be  capable  of  attaining  in 
its  present  sphere  of  existence.  Notwithstanding  the  evidences  of  ration- 
ality which  many  of  the  lower  animals  present,  and  the  manifestations  which 
they  display  of  emotions  that  are  similar  to  our  own,  there  is  no  ground  to 
believe  that  thcif  have  any  such  ccmtrolUng  power;  on  the  contrary,  all  obser- 
vation seems  to  lead  to  the  conclusion,  that  they  are  under  the  complete  domina- 
tion of  the  ideas  and  emotions  by  which  they  may  be  for  the  time  possessed,  and 
have  no  power  either  of  repressing  these  by  a  forcible  act  of  Will,  or  of  turning 
the  attention,  by  a  like  voluntary  effort,  into  another  channel.  In  this  respect, 
then,  their  condition  resembles  that  of  the  Dreamer,  the  Somnambule,  or  the 
tXnsane  patient,  in  all  of  whom  this  voluntary  control  is  suspended,  and  who 
(when  their  minds  are  sosceptible  of  external  impressions)  may  be  so  'played 
upon '  by  the  suggestion  of  ideas,  that  any  respondent  action  consistent  with 
the  habitual  mental  state  of  the  imiividuul,  nitiy  be  evoked  by  an  appropriate 
Itimulua ;  just  as  we  see  in  the  case  of  animals  that  are  trained  to  the  perform- 
ance of  particular  sets  of  movements,  which  are  executed  in  respondence  to  cer- 
tain promptings  conveyed  to  thera  through  their  sensoriura.  Now  between  the 
complete  want  of  this  controlling  power  of  the  Will,  and  the  most  perft-ct  pos- 
session of  it,  every  intermediate  gradation  is  presented  by  the  several  individuals 
which  make  up  the  Human  species ;  some  persons  being  so  much  accustomed, 
in  consequence  of  the  weakness  of  their  Will,  to  act  directly  upon  the  prompting 
of  every  transient  impulse,  that  they  can  scarcely  be  said  to  be  voluntary  agentaj^^ 
and  others  allowing  certain  dominant  ideas  or  habitual  feelings  to  gain  such  i^^H 
mastery  over  them,  as  to  exercise  that  determining  power  which  the  Will  alon^^" 
ought  to  exert.  This  gradation  may  be  perfectly  traced  in  children,  in  whose 
education  the  development  of  the  faculty  of  'sclf-ctintrol'  should  be  a  leading 
object;  and  it  is  also  displayed  in  certain  phases  of  mental  Imbecility,  which 
result  from,  a  deficiency  of  the  power  of  voluntirily  fixing  the  attention  upon 
any  object  of  consciousness,  and  of  thus  withdrawing  it  either  from  external 
objects  that  tend  to  distract  the  mind,  or  f>om  notions  it  has  adopted  which  hold 
it  in  subjection. 

463.  When  we  apply  oxirsclves  to  the  study  of  the  Ccrebro-Spinal  Nervotti 
centres  of  Man,  we  bud  ourselves  peculiarly  liable  to  be  misled  by  the  great 
development  which  the  Cerebrum  proseota,  both  as  to  size  and  to  complexity    "^ 
structure,  in  proportion  to  the  other  centres ;  and  thus  it  has  happened 
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ribrough  the  too  exclusive  attention  commooly  paid  to  Euman  Anatomy,  the 
liojf  of  the  facts  brought  to  light  by  diasoction  has  been  very  entjiuionly 

'nunpprebended,  ftnd  tnauy  of  the  physiological  interpretations  based  upon  them 
have  been  completely  negatived  by  more  extended  inquiry. — It  is  only,  in  fact, 
by  studying  the  Cerebro-Spinal  apparatus  in  ita  lowest,  as  well  as  in  its  highest 
fonn,  and  by  bringing  the  interveuing  grades  into  comparison  with  both  extremes, 
that  it  is  possible  to  establish  wbat  are  its  fundamental  or  essential,  and  what  its 
accessory  parts;  and  io  this  way  only  can  such  a  correspondence  be  established, 
between  the  development  of  a  particular  structure,  and  the  manifestation  of  a 
psychical  endowment,  us  may  enable  the  latter  to  be  attributed  with  any  degree 
of  probability  to  the  former.  In  fact  there  is  no  part  of  the  Human  Organism, 
as  to  which  the  advantages  of  such  a  comparisoa  are  so  striking,  or  in  which  the 
value  of  the  "  experiments  ready  prepared  for  us  by  Nature  "  is  so  much  above 
that  of  the  results  of  artificial  mutilations. 

464.  Cerebr(t- Spinal  Nervoui  Ventre*. — Under  the  guidancCt  then,  of  these 
principles,  we  find  that  we  mny  distinguish,  as  the  fundamental  part  of  the 
C^rcbro- Spinal  apparatus  of  Man,  the  Cramo-S'pival  Axis,  consisting  of  the 
Spinal  Cord,  the  Medulla  Oblongata,  and  the  Sensory  Ganglia,  and  altogether 
C'Onstituting  the  centre  of  automatic  movement. — The  Spinal  Gord^consisttDg  of 
a  tract  of  vesicular  matter  enclosed  within  strands  of  longitudinal  fibres,  and 
giving-off  successive  pairs  of  intervertebral  nerves  which  are  connected  at  their 
roots  with  both  of  these  components,  is  obviously  homologous  with  the  gangliated 
ventnl  column  of  the  Articulata,  chiefly  differing  from  it  in  the  coatinuity  of 
the  ganglionic  substance  which  occupies  its  interior;  and  each  segmental  divi- 
sion of  it,  which  serves  as  a  centre  for  its  own  pair  of  nerves,  may  be  considered, 
like  each  ganglion  of  the  ventral  column  of  the  Articuiata,  as  a  repetition  of  the 
nogle  'pedal'  or  locomotive  ganglion  of  the  Mollusca, — The  Medulla  Oblongata 
consists  of  a  set  of  strands,  wbich  es.<ientiaUy  correspond  with  the  cords  that  pass 
round  the  flesophagus  in  Invertehrated  animals,  connecting  the  cephalic  ganglia 
with  the  first  sub-cesopbogeal  ganglion ;  but  as  the  whole  cranio-sptnal  axis  in 
the  Vortebrata  lies  ahooe  the  alimentary  canal  (the  trunk  being  supposed  to  be 
in  a  horizontal  position),  there  is  no  such  divergence  of  these  strands,  the  only 
separation  between  them  being  that  which  is  known  as  the  'fourth  ventricle.' 
Interposed  among  the  commissural  fibres  of  the  Medulla  Oblongata,  however,  are 
certain  collections  of  vesicular  matter,  which  serve  as  the  ganglionic  centres  for 
the  movements  of  respiration  and  deglutition,  and  which  thus  correcipond  with 
the  respiratory  and  stoniato-gastrio  ganglia  of  Invcrtebratcd  animals.  This  incor- 
poration of  so  many  distinct  centres  into  one  system,  would  seem  destined  in  part 
to  afford  to  all  of  them  the  protection  of  the  vertebral  column ;  and  in  part  to 
secure  that  oonscntaneousness  of  action,  and  that  ready  means  of  mutual  influ- 
eDce,  which  are  peculiarly  requisite  in  beings  in  whom  the  activity  of  the  Ner- 
vous system  is  so  predominant.  Thus  the  close  connection  which  is  established 
in  the  higher  Vertebrated  animals,  between  the  respiratory  and  the  geoeral 
locomotive  apparatus,  is  obviously  eubtjcrvient  io  the  use  wbich  the  former  makes 
of  the  latter  in  the  performance  of  its  functions;  whilst,  on  the  other  band,  the 
control  which  their  encephalic  centres  possess  over  the  actions  of  the  respiratory 
ganglia,  enables  the  wilt  to  regulate  the  inspiratory  and  expiratory  movements, 
in  the  manner  required  for  the  acts  of  vocalization. — Under  the  term  Sensory 
Ganglia,  may  be  comprehended  that  assemblage  of  ganglionic  masses  lying  along 
the  base  of  the  skull  in  Man,  and  partly  included  in  the  Medulla  ObloDgata,^iQ 
which  the  nerves  of  the  '  special  senses/  Taste,  Hearing,  Sight,  and  Smell,  have 
their  central  terniination.s ;  and  with  these  may  probably  be  associated,  the  two 
pairs  of  ganglionic  bodies  known  as  the  Corpora  Striata  and  Thatami  Optici,  into 
which  may  be  traced  the  greater  proportion  of  the  fibres  that  constitute  the 
various  strands  of  the  Medulla  Oblongata,  and  which  seem  to  stand  in  the  same 
land  of  relation  to  the  nerves  of  Touch  or  'common  sensation,'  that  the  Olfao- 
liTe,  Optic,  Auditory,  and  Gustative  ganglia  bear  to  their  several  tterve-trunks. 
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465.  Now  it  is  not  a  little  interesting,  that  this  Cranio-SpiD&l  axis  wfaicli 
represents  in  Vertebratcd  animals  the  whole  nervous  system  of  the  lorertobrUa 
(with  the  exception  of  the  rudiments  of  the  Sympathetio  which  they  posseat), 
should  exist  in  the  lowe^it  known  Vertebratcd  animal  without  any  supendditioi, 
and  should  be  sufficient  fur  the  perfurmunce  of  alt  its  actioas.  Such  is  the  ciM 
in  the  curious  Aniphioxtis,  a  little  ti»h  which  presients  not  the  slighieet  trace  of 
either  Cerebruoi  or  Cerebellum,  and  in  which  even  the  sensory  ganglia  and  th« 
organa  of  special  sense  have  only  a  rudimentary  existence ;  and,  in  whioh^  too, 
the  spinal  oord  is  compoecd  of  a  series  of  ganglia  that  are  obviously  distiDct  from 
each  other,  slthough  in  close  approximation.  And  even  in  the  lower  Cyclostoine 
^^ishe«,  the  condition  of  the  nervous  centres  is  very  little  above  this,  saTe  u 
?gurds  the  larger  development  of  the  sensory  ganglia. — This  condition  has  its 
parallel,  even  in  the  Human  species,  in  the  case  of  Infants,  which  are  oocanoo- 
ally  bora  without  either  Cerebrum  or  Cerebellum;  such  have  existed  fbrMTeial 
bourfi,  or  even  days,  breathing,  sacking,  crying,  and  perfonning  Tarioos  other 
movements;  and  there  is  do  physiological  reason,  why  their  lives  should  not  be 
prolonged,  if  they  be  nurtured  with  sufficient  care  (§  26). 

4U0.  In  Man,  however,  as  in  all  the  higher  Vertebrata,  we  find  superimposed 
(as  it  were)  upon  the  Sensory  ganglia,  and  constituting  the  principal  mass  oif  the 
Encepbaloo,  the  bodies  which  are  known  as  the  Cerebral  Hemi- 
tpfiera,    or  Jlemuphcric    GamjUa.      Now   when   these  are  so 
greatly  developed,  as  to  cover-in  and  obscure  the  Sensory  gaoglia 
to  the  degree  which  presents  itself  in  Man,  it  is  not  surprising 
that  the  fundumental  iuiportancc  of  the  latter  should  not  be 
generally  recogniaed;  in  Fishes,  however,  the  proportion  between 
two  sets  of  centres   is  eiitinrly  reversed,  the  rudiments  of  the 
Cerebral  Hemispheres  (Fig.  125,  b)  being  usually  inferior  in  «M 
to  the  Optic  gunglia  (c)  alone.     Indeed,  of  the  pair  of  ganglioi 
masses  to  which  that  designation  is  usually  applied,  it  may 
almost  positively  stated,  that  the  greater  part  is  homologous 
the  Corpora  Striata  of  the  Huniau  brain  ;  it  being  only  in 
higher  Cartilaginous  Fishes,  that  a  ventricular  cavity  exists  in 
each  of  these  bodies,  scparatiug  the  thiti  layer  of  true  Cerebral 
substance  which  overlies  it,  from  the  ganglionio  mass  which  forms 
its  fioor.     Between   these  two  extremes,  a  regular  gradation  is 
presented  in  the  intermediate  tribes. — Now  it  is  a  point  cfrpec 
worthy  of  note,  that  no  sensory  nerves  terminate  directly  in 
Cerebrum, 'Qor  do  any  motor  nerves  isisue  from  it;  and   there 
seems  a  strong  probability  that  there  is  not  (as  formerly  supposed) 
a  direct  continuity  between   even  all  or  any  of  the  nerve-fibreg 
Brain  of  Cod.    distributed  to  the  body,  and  the  medullary  substance  of  the  Cer»- 
[Brab    of  fi'ite, brum.     For  whilst  the  nerves  of  *8peciul'  sense  have  tbeiroiM^H 
Kei'ording  to  Dr. ganglionic  centres,  it  cannot  be  shown  that  the  nervous  fibres  o^^^ 
JcffriMi^  " J'™'"- *  genenil '  sense,  which  either  enter  the  cranium  as  part  of  the 
ti»e  nneiia*    ■*  "^P^iftlit!  nerves,  or  which  pass-up  from  the  Spinal  Cord,  have  aoy 
•erebrftl  lobet ;  c,  higher  destination    than   the  Thulami  Optici  (§  519).     So  tha 
optio  gMDglia;  ]>,  motor-fibres  which  pass-forth  from  the  cranium,  either  into  the 
cerebellum.  cephalic  nerve-trunks,  or  into  the  motor  columns  of  the  Spinal 

cord,  though  oommonly  designated  as  C«rtLra/,  cannot  b«  cer- 
tainly said  to  have  a  higher  origin  than  the  Corpora  Striata.  And  we  shall  find 
strung  physiological  as  well  as  anatomical  ground  for  the  belief,  that  the  Cerebrum 
has  Q<i  onmmunioatioa  with  the  external  world,  oiherwii^e  than  by  its  oonncctioD 
with  the  Sensori-motor  opparatus ;  and  that  even  the  movements  which  are 
usually  designated  as  '  voluntary '  are  only  so  as  regards  their  original  source, 
the  stimulus  which  calls  the  muscles  into  contntctioQ  being  oven  then  imme> 
diately  issued  from  the  Cranio-Spinal  axis^  as  it  is  in  the  movemeuta  pronuited 
by  the  roflex  sti mutation  of  an  external  impression. 
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467.  Wherever  a  Cerebrum  is  superirapoaed  upon  the  Sensory  Ganglia,  -we 
find  another  ganglionic  uiuss,  the  CcreMlum,  superimposed  upon  the  Medulla 
Ohlonguta.  The  develnpment  of  this  ©reran  bears  a  general,  but  by  no  meann  a 
constant  relation  to  tluit  of  the  Cerebruni ;  for  in  the  lowest  Fishes  it  is  a  ihin 
lamina  of  nervous  matter  on  the  median  line^  only  partially  covcrinfr-in  the 
*fourih  ventricle;'  whilst  in  the  hi»,'hcr  Maninialia,  as  iti  Man>  it  is  a  mass  of 
Oon^iderable  size,  tiaving  two  Liteml  lubes  or  hemispheres  in  addition  to  its  een- 
tral  portion.  The  direct  cowi in uni cation  which  the  Cerebellatn  hwB  with  both 
colanms  of  the  Spinal  cord,  and  the  oomparatively  slipht  commissund  eonnt-etion 
ivbich  it  possesses  with  the  higher  portions  of  the  Encephalic  centres,  justify  the 
0iippo6itioo  that  it  is  rather  concerned  in  the  regulation  and  co-ordination  of  the 
actions  of  the  former,  than  in  any  proper  psychical  operations  j  and  it  will  here- 
after be  shown  that  the  various  kinds  of  evidence  afforded  by  Comparative 
AnatoDiy,  by  Experimental  inquiry,  and  by  Pathological  observation,  at)  tend  to 
support  this  view  of  its  function. 

468.  Now  although  every  segment  of  the  Spinal  Cord,  and  every  one  of  the 
Sensory  Ganglia,  may  be  considered,  in  common  with  the  Cerebrum,  as  a  true 
and  independent  centre  of  nervous  power^  yet  this  icdepcndence  h  only  mani- 
fested when  these  organs  are  separated  from  each  other;  cither  fltnicturiilly — by 
actual  division  ;  or  functionally — by  the  suspension  of  the  activity  of  other  parts. 
In  their  state  of  perfctt  integrity  and  complete  functional  activity,  they  arc  all 
(at  least  in  Man)  in  such  subordination  to  the  Cerebrum,  that  they  only  minister 
to  tVj«  actions,  except  in  so  far  as  they  are  subpervient  to  the  maintenance  of  the 
Organic  functions,  as  in  the  automatic  acta  of  breathing  and  swallowing.  With 
regard  to  every  other  action,  the  Will,  if  it  possess  it^j  due  predominance,  can 
exercise  a  determining  power;  keeping  in  check  every  automatic  impulse,  and  re- 
pressing the  promptings  of  emotional  excitement.  And  this  seems  to  result  from 
the  peculiar  arrangement  of  the  nervous  apparatus;  which  causes  the  exciter  I'ni- 
prtuirnt  to  travel  in  the  uptcartl  direction,  if  it  meet  with  no  iuterrnptinn,  until 
It  reaches  the  Cerebrum,  without  exciting  any  reflex  movements  in  its  coarse. 
When  it  arrives  at  the  Sensorium,  it,  makes  an  impression  on  the  consciousness 
of  the  individual,  and  thus  gives  rise  to  a  seniation;  and  the  change  thus  in- 
duced, being  further  propagated  from  the  sensory  ganglia  to  the  Cerebrum, 
becomes  the  occasion  of  the  formation  of  an  vJea.  If  with  this  idea  any  plea- 
surable or  painful  feeling  should  be  associated,  it  assumes  the  character  of  an 
emoti'im ;  and  either  as  a  simple  or  as  an  emotional  idea,  it  becomes  the  sub- 
ject of  inteUtctual  ajyeraliom,  whose  final  issue  is  in  a  polift'mial  determination, 
or  act  of  the  Will,  which  may  he  exerted  in  produrfng  or  checking  a  musoalar 
movement,  or  in  coatrolling  or  directing  the  current  of  thought. 

4t)9.  But  if  this  ordinary  upward  course  be  anywhere  interrupted,  the  im- 
pression will  then  exert  its  power  in  a  trnvsvcrae  direclioo,  and  a  '  reflex '  action 
will  be  the  result;  the  nature  of  this  being  dependent  upon  the  part  of  the 
Cerebro-Spinal  axis,  at  which  its  OAccnt  bad  been  checked.  Thus  if  the  inter* 
mption  be  produced  by  division  or  injury  of  the  Spinal  Cord,  so  that  its  lower 
part  is  cut-off  from  commuutcatton  with  the  encephalic  centres,  this  pprtion  then 
acta  as  an  independent  centre ;  and  impressions  made  upon  it,  through  the  afferent 
nenrea  proceeding  to  it  from  the  lower  extreroitJes,  excite  violent  reflex  niove- 
inent«,  which,  being  thus  produced  without  sensation,  are  designated  as  'eicito- 
niotor.'  —  So,  again,  if  the  impression  should  be  conveyed  to  the  Sensoriura,  but 
should  be  prevented  by  the  remoA'iil  of  the  Cerebrum,  or  by  its  state  of  func- 
tional inaction,  or  by  the  direction  of  its  activity  into  some. other  channel,  from 
calling-forth  ideas  through  the  iDstrumentality  of  the  latter,  it  may  react  upon 
the  motor  apparatus  by  the  'reflex'  power  of  the  Sensory  ganglia  thetuHcivea; 
as  seems  to  be  the  case  with  regard  to  those  locomotive  actions  which  are  main 
taiued  aud  guided  by  sensations  during  states  of  profound  abstraction,  when  the 
attentiou  of  the  individual  is  so  completely  ooocentrated  upon  his  own  train  (^ 
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thought,  that  be  does  not  perceive  extcrn^il  objects,  although  his  movcmeDts  are 
obviously  guided  through  the  visual  and  tactile  seDses.  Such  actions,  being 
depeudent  upon  the  prompting  of  scnsatioua,  are  '  sensori'motor '  or  '  oooseDsaal.' 
— But  farther,  even  the  Cerebrum  responds  automaticallj  to  impreasionB  fiu«d  to 
excite  it  to  '  reflex'  action,  when  from  any  cause  the  Will  ia  Id  abeyance,  and  iti 
power  cannot  bo  exerted  either  over  the  muscular  system  or  over  the  direotioo 
of  the  thoughts.  Thus  iu  the  states  of  Reverie,  Dreaming,  Somnambulism,  kc., 
whether  spoataneous  or  artiQcially  induced  (Sect.  6,  7),  ideat  which  take  posses- 
sion of  the  mind,  and  from  which  it  canuot  free  itself,  may  excite  respondent 
movements ;  and  this  may  happen  also  when  the  force  of  the  Idea  is  morbidly 
exaggerated,  und  the  Will  is  not  suspended,  but  merely  weakened,  as  in  many 
forms  of  Insanity  (Sect.  8). 

470.  The  general  views  here  put-forth  in  regard  to  the  independent  and  oon- 
nccted  actions  of  the  scverul  primary  divij*ions  of  the  Cerebro-Spinal  apparatus, 
may  perhaps  be  rendered  more  intelligible  by  the  following  Table,  which  is  in- 
tended to  represent  the  ordinary  course  of  operation  when  the  whole  is  in  a  stat^ 
of  oumplc't«  functional  activity,  and  the  cbaraoterof  the  'reflex'  actions  to  which 
each  part  ia  subservient,  when  it  is  the  highest  centre  that  the  impre£ision  can 
nach.  The  directing  power  of  the  AVill  seems  to  be  moat  strongly  exerted  over 
those  actions,  which  arc  most  closely  connected  with  />.'^^cAi'ca/ changes,  and  which 
are  exclusively  drthral  in  their  scat.  It  boa  been  already  pointed-out,  that  the 
Cranio-spinal  axis  not  merely  serves  as  the  channel  for  the  reception  of  the  im- 
pressions whit.'ih  excite  the  activity  of  the  Hemispheric  ganglia^  and  as  the  in- 
strument whereby  the  results  of  their  operation  are  brought  to  bear  upon  iho 
muscular  systoui ;  but  that  it  ia  also  the  centre  of  reflexion  through  which 
Turiuus  aulumati:c  movement:!  are  uilled-fortb,  that  are  immediately  concerned  in 
the  maintenance  of  the  orgatiic  functions.  The  impreaeiuns  which  excite  these 
movements,  do  not  in  general  pass-on  to  the  Cerebrum ;  for  we  only  perceive 
them,  when  we  specially  direct  our  attention  to  them,  or  when  they  exist  in  unusual 
poteocy.  Thus  we  are  unconscious  of  the  *  besoin  de  respirer '  by  which  our 
t'rdinary  movements  of  respiration  are  prompted ;  and  it  is  only  when  we  bare 
refrained  from  breathing  for  a  ft:w  seconds,  that  wo  experience  a  sensation  of 
uni'asinesa  which  impels  us  to  make  forcible  efforts  for  its  relief.  Notwithstand- 
ing, however,  that  the  Cerebrum  is  thus  unconcerned  in  the  ordinary  perform- 
ance of  these  automatic  movements,  yet  it  can  exert  a  certain  degree  of  control 
0¥er  many  of  them,  so  as  even  to  su>4pend  them  for  a  titue;  but  in  no  instance 
can  it  carry  this  suspension  to  such  an  extent,  as  seriously  to  disarrange  the 
Organic  functions;  thus,  when  we  have  voluntarily  refrained  from  breathing  for 
a  few  seconds,  the  inspiratory  impulse  so  rapidly  increases  in  strength  with  the 
continuance  of  the  suspension,  that  it  at  last  overcomes  the  mo.'^t  powerful  effort 
we  can  make  for  the  rcpreesion  of  the  movements  to  which  it  prompta  (§  'i^'i, 
note).  Now  in  this  and  similar  cases,  it  would  seem  as  if  the  Will  interfered  to 
prevent  that  direct  transverse  passage  of  the  stimulus  from  the  afferent  to  the 
efferent  nerves,  through  the  Craniu-Sptnal  axis,  which  constitutes  the  ordinary 
line  of  action  for  impress^ions  having  their  origin  in  the  necessities  of  the 
Organic  or  Yegotative  life  of  the  individual.  That  the  Will  should  have  a  cer- 
tain degree  of  control  over  these  movements,  is  necessary  in  order  that  they  may 
be  rendered  subservient  to  variouis  actions  which  are  necessary  for  the  dae  exvr- 
oise  of  Man's  psychical  powers;  but  that  they  should  not  be  left  dependent  upon 
its  exercise,  and  should  even  be  executed  irt  opposition  to  it,  when  the  wants  of 
the  system  iuiperaiively  demand  their  perforitiunce,  constitutes  a  wise  provision 
for  securing  Life  against  the  chunce  of  inattcatioa  or  momentary  caprice. 
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471.  The  Cerebro-Spiaal  system  is  intimately  blended  with  another  set  of 
ganglionic  centres  and  nenre-trunks,  scattered  in  different  parts  of  the  body,  but 
mutually  connected  with  each  other  j  this  is  commonly  termed  the  St/mpathetic 
system;  but  not  unfrequently,  from  the  position  of  it»  principal  centres,  and 
their  evident  functional  relation  to  the  apparatus  of  Organic  life,  the  Visceral 
aystem.  To  this  system  we  arc  probably  to  refer,  not  only  the  Semilunar  and 
Cardiac  panglia  (which  seem  to  be  ita  principal  centres),  with  the  chain  of  cra- 
nia]»  cervical,  thoracic,  lumbar,  and  sacral  ganglia,  which  are  in  nearer  conncctioQ 
with  the  Cerebro-spinal  system ;  but  also  numerous  minute  ganglia,  which  are  to 
be  found  on  its  branches  in  various  parts.  Moreover,  the  ganglia  upon  the 
posterior  roota  of  the  Spinal  nerves,  and  those  upon  the  roots  and  trunks  of  cer- 
tain Cranial  nerves,  may  be  ranked  with  considerable  probability  under  the  same 
category;  and  if  such  be  the  ca^e,  those  fibres  contained  in  the  cerebro-spinal 
nerves,  which  have  these  as  their  ganglionic  centres,  roust  also  be  accounted  as 
belonging  to  the  Sympathetic  system.  On  the  other  hand,  there  uufjucstionably 
exist  numerous  fibres  in  the  Visceral  system,  which  proceed  into  it  from  the 
Cerebro-ppinal  system;  thesCj  however,  are  not  uniformly  distributed,  for  some 
of  the  Viaceral  nerves  contain  few  or  none  of  them,  whilst  in  others  they  ar« 
numerous.  The  branches  by  which  the  Sympathetic  system  communicates  with 
the  Cerebro-spinal,  and  which  were  formerly  considered  as  the  roots  of  the  Sym- 
pathetic system,  seem  to  contain  fibres  of  both  kinds; — i.e.,  Cerebro-spinal  fibres 
passing  into  the  Sympathetic,  and  Bympathetio  fibres  paseiog  into  the  Cer^bro- 
spioal.  The  latter  are  chiefly,  if  not  entirely,  transmitted  into  the  antfrwr 
branches  of  the  Spinal  nerves  ;  the  posterior  branches  being  apparently  supplied 
with  sympathetic  fibres  from  the  ganglia  on  their  own  posterior  roots.  Some  of 
these  lost  fibres  also  pass  from  the  Cerebro-spinal  into  the  Sympathetic  system. 
By  these  communications,  the  two  systems  of  fibres  are  so  blended  with  each 
other,  that  it  is  impossible  to  isolate  them.  ^-  The  branches  proceeding  from  the 
Semilunar  ganglia  are  distributed  upon  the  abdominal  viscera;  and  those  of  the 
Cardiac  ganglia  upon  the  heart  and  the  vegsels  proceeding  from  it.  The  latter 
seem  to  accompany  the  arterial  trunks  through  their  whole  course,  ramifying 
minutely  upon  their  surface ;  and  it  can  scarcely  be  doubted  that  they  exercise 
an  important  influence  over  their  functions.  What  the  nature  of  that  in- 
fluence may  be,  however,  will  be  a  subject  for  further  inquiry  (crap.  XV,).  It 
is  so  evidently  connected  with  the  operations  of  nutrition,  secretion,  &c.^  that 
the  deaignatioD  '  nervous  system  of  organic  life,'  as  applied  to  this  system,  does 
not  seem  objectionable,  provided  that  we  do  not  understand  it  as  denoting  the 
ice  of  those  functions  upou  it.  —  The  inter-peuetratioa  of  the  Cerebro- 
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spinal  system  by  the  Syrapathfitic,  \n  rtronply  marked  by  these  two  oircumstan* 
ce8 ;  —  that,  in  somo  of  the  lower  Vertcbrata,  the  distribution  of  their  trunks 
cannot  be  pcpn/ratdy  disiinguiiiihed ;  —  nnii  that,  even  io  the  highest,  some  of  the 
glands,  of  which  the  secretion  is  most  directly  influenced  by  the  condition  of  the 
mind,  are  supplied  with  most  of  their  nervea  from  the  cerebro-spinal  system,  the 
lachrymal  and  sublin^rual  glands  receiving  large  branches  from  the  fifth  pair,  tod 
the  mammary  glands  from  the  intercostal  nerves. 

47-.  Cercbro- Spinal  Nerve- Trttuks. — Having  thus  considered  the  principal 
attributes  of  the  piiiuliotiic  centres  of  the  Cerebro-Spinal  system,  we  have  next 
to  inquire  into  those  of  the  nerve-trunks  which  are  connected  with  tbem.  It  is 
only  iu  the  Vertebrata,  that  the  difference  between  the  affrrent  and  rffrrtwt  fibres 
of  the  iiprvcs  has  been  satisfactorily  determined.  The  merit  of  this  discovery  is 
almost  entirely  due  to  Sir  G.  Bell,  who  ha.^  led  to  it  by  a  chain  of  reasoning  of 
a  highly  philosophical  character;  and  although  his  first  experiments  on  the 
Spinal  nerves  were  not  satisfactory,  be  virtually  determined  the  respective  func- 
tion of  their  two  roots, — the  posterior  as  sensftrif  (afferent),  the  anterior  as  motor 
(efferent), — by  experiments  and  pathological  observations  upon  the  Cranial  nerves, 
some  of  which  contain  only  one  cbiss  of  fibres  to  the  exclusion  of  the  other, 
before  any  other  physiologist  came  into  the  field.'  Subsequently  his  general 
Tiews  were  confirmed  by  the  very  decided  experiments  of  Miiller;  but  until 
very  recently,  some  obscurity  hung  over  a  portion  of  the  phenomena.  It  wai 
from  the  fiir^t  maintaineti  by  Magendie,  and  has  been  subsequently  asserted  by 
other  physiologists,  that  the  posterior  and  anterior  roots  of  the  nerves  were  balk 
concerned  in  the  reception  of  impressions  and  in  the  production  of  motions ;  for 
that,  on  touching  tlie  posterior  root^,  not  only  the  sensibility  of  the  anitn^ 
seemed  to  be  affected,  but  muscular  motions  were  excited :  and  that,  when  tb« 
anterior  roots  were  touched,  the  animal  gave  signs  of  pain,  at  the  same  time  thai 
convulsive  movements  were  perfurmed.  These  physiologists  were  not  willing, 
therefore,  to  admit  more,  than  that  the  posterior  roota  were  etpeciaify  sensofy,  aad 
the  anterior  e»p<!rtafl^  motor.  But  the  knowledge  we  now  possess  of  the '  reflex ' 
fuuutioQ  of  the  Spiual  Cord,  enables  the  former  portion  of  these  phenomena  to 
be  easily  explained.  The  motions  excited  by  irritating  the  posterior  roots,  art 
found  to  be  entirely  depeudent  upon  their  connection  with  the  Spinal  Cord,  and 
Upon  the  integrity  of  the  anterior  roots  and  of  the  trunks  into  which  they  enter, 
whilst  they  are  not  checked  by  the  separation  of  the  posterior  roots  from  th« 
peripheral  portion  of  the  trunk :  it  is  evident,  therefore,  that  excitation  of  the 
posterior  roots  does  not  act  immediately  upon  the  muscles,  through  the  trunk  of 
the  nerve  which  thpy  contribute  to  form  ;  but  that  it  excites  a  reflex  motor  im- 
pulse in  the  Spinal  Cord,  which  is  propagated  through  the  anterior  roots  to  the 
periphery  of  the  system.  The  converse  phenomenon,  the  apparent  sensibility  of 
the  anterior  roots,  has  been  explained  by  the  experiments  of  Dr.  Kronenberg,' 
wbicb  seemed  to  prove  that  it  is  dependent  upon  a  branch  from  tbe  posterior 
root!;,  pa.<Ming  into  the  anterior  roots  at  their  point  of  inosculation,  and  theo 
directing  itself  towards  tbe  oord  (§  477). 

473.  Every  fibre,  there  is  reason  to  believe,  runs  a  distinct  course,  between  tbe 
central  organ,  in  which  it  loses  itself  at  one  extremity^  and  tbe  organ  of  sense, 
iDuscle,  or  otber  tissue,  in  whioh  it  terminates  at  the  otber;  in  the  terminal  rami' 
fications  of  the  nerves,  however,  a  Bubdivitt'on  of  the  fibres  is  frequently  obeerr- 
ble.  Each  nervous  trunk  is  made-up  of  several  fasciculi  of  these  fibres ;  and 
each  fasciculus  is  composed  of  a  large  number  of  the  ultimnte  fibres  themselves. 
Although  the  fusciculi  occasionally  intermix  and  exchange  fibres  with  one  another 
(as  occurs  in  a  pltscus),  the  fibres  themselves  never  inosculate.  Each  fibre  would 
■eem,  therefore,  to  have  its  appropriate  office,  which  itcAncot  share  with  another 
i^vcraJ  objects  appear  to  be  attained  by  the  plexiform  arrangement.     In  some 

•  See  '*  Brit  and  Foreign  Med.  Review,"  vol.  iic.  p,  140,  &o, 
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iDstances  it  serves  to  intermix  fibres,  which  have  endowmeDts  fotid&meDtally 
different :  for  example,  the  Spinal  Accessorj  neTve,  at  its  oripn,  appears  to  be 
excluiively  motor,  and  the  roots  of  the  Pncumogaetric  to  be  excSusively  afferent; 
but  by  the  early  admixture  of  these,  a  laree  number  of  motor  fibres  are  imparled 
to  the  Pneumogastric,  and  are  distributed  in  variable  proportion,  with  its  different 
branches;  whibt  a  few  of  its  sjensory  filamenU  seem  to  enter  the  Spinal  Acces- 
■oiy. — In  other  instances,  the  object  of  a  plexus  appears  to  be,  to  give  a  more 
advantageous  distribution  to  fibres,  which  all  passess  corrcspondiog  endowments. 
Thus  the  Brachial  plexus  mixes-together  the  fibres  arising  from  five  segments  of 
the  spinal  cord,  and  sends  off  five  principal  trunks  to  supply  the  arm.  Now  if 
each  of  these  trunks  bad  arisen  by  itaclf,  from  a  distinct  segment  of  the  Rpinal 
cord,  so  that  the  parts  on  which  it  is  distributed  had  only  a  single  connection 
w^ith  the  nervous  centres,  tfaey  would  have  been  much  more  liable  to  paralysis 
than  at  present. — By  means  of  the  plexus,  every  part  is  snpplied  with  fibres 
arising  &om  each  segment  of  the  spinal  cord ;  and  the  functions  of  the  whole 
niust  therefore  be  suspended,  before  complete  paralysis  of  any  part  can  occur 
from  a  cause  which  operates  above  the  plexns.  Such  a  view  is  borne-out  by 
direct  experiment ;  for  it  has  been  ascertained  by  Panizza  that,  in  Frogs,  whose 
Crural  plexus  is  much  1e.ss  complicated  than  that  of  Mammalia,  sectinn  of  the 
roots  of  one  of  the  three  nerves  which  enter  into  it,  produces  little  effect  on  the 
general  movements  of  the  limb ;  and  that,  even  when  two  arc  divided,  there  ia 
no  paralysis  of  any  of  ita  aetiunfi,  all  being  weakened  in  a  nearly  similar  de|:rree. 
But  as  Dr.  Gull  has  pointed  out,'  one  use  of  such  a  plexus  as  the  brachial  or  the 
orural  appears  to  be,  to  bring  the  muscles  which  derive  their  nenous  supply 
from  it,  into  relation  with  different  ganglionic  segments  of  the  Spinal  Cord  ;  each 
of  which  may  exert  a  diverse  action,  either  in  virtue  of  its  own  endowments,  or 
of  the  infiuence  of  the  will  upon  it ;  so  that  groups  of  muscles  may  thus  be 
aB80ciated  for  combiaed  actions.  All  consideration  of  the  mode  in  which  wo 
make  use  of  our  muscles,  and  of  the  power  which  we  have  over  them,  leads  to 
the  conclusion  that  each  ganglionic  centre  lias  a  specific  and  limited  sphere  of 
influence,  producing  certain  movements  and  no  others;  bcnee  for  the  execution 
of  a  variety  of  movements  in  harmonious  combination  with  each  other,  it  seems 
requisite  that  the  nervous  supply  of  each  muscle  should  be  derived  from  several 
different  centres  ;  and  thus  it  is,  that  the  complication  of  plexuses  comes  to  be 
related  to  the  variety  of  movements  of  the  parts  supplied  through  them. — It  is 
not  a  little  interesting  to  remark,  that  arrangements  of  a  similar  kind  should 
present  themselves  among  the  higher  Invertebrata  (Pbino.  OF  CoMP.  PHYB. 
Am^Ed,§§C46,  057). 

474.  The  following  statements,  in  which  the  doctrines  of  Prof.  Hiiller*  are 
adopted  with  some  modifications  and  additions,  embody  the  general  principles 
ascertained  by  experiment,  respecting  the  transmission  of  Sensory  and  Motor 
impressions  along  the  nerves  which  respectively  mtnist«r  to  them.  Their 
rationale  will  be  at  once  understood,  from  the  facta  already  mentioned  in  regard 
to  the  isolated  character  of  each  fibril,  and  the  identity  of  ita  endowments 
through  its  whole  course. 

I.  When  the  whule  trunk  of  a  »t>ti»07y  nerve  is  irritated,  &  sensation  ia  pro- 
duced, which  is  referred  by  the  mind  to  the  parts  to  which  its  branches  are 
ultimately  distributed  ;  and  if  onlj  part  of  the  trunk  be  irritated,  the  sensation 
wilt  be  referred  to  those  purts  only,  which  are  supplied  by  the  fibrils  it  contains. — 
This  is  evidently  caused  by  the  production  of  a  change  in  the  sensoriura,  cor- 
responding with  that  which  would  have  been  transmitted  from  the  peripheral 
organs  of  the  nerves,  had  the  impression  been  made  upon  them  (§  599).  Snob 
a  change  only  requires  ihe  integrity  of  the  afferent  trunk  between  the  point 
iTritated  and  the  scnsorium,  and  is  not  at  al!  dependent  upon  the  state  of  the 

*  *  Gubtooi&D  Lectures  on  tho  NervooB  SjBtem,*  in  '*  Medical  Times,"  1849,  p.  872. 

■  X  Elements  of  Physiology,"  tranalattd  by  Dr.  Baly;  pp.  680,  686. 
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peripheral  part  to  which  the  seDsationa  are  referred ;  for  this  maj  have  Wn 
paralysed  hj  the  division  or  other  lesion  of  the  nerve,  or  maj  have  been  alto- 
gether separated  as  ia  amputation,  or  the  relative  position  of  its  parts  nay  htrt 
been  changed,  as  in  autoplastic  operations.  So,  when  different  parts  of  the 
tbickness  of  the  same  trunk  are  separately  and  successively  irritated,  the  sena- 
tiona  are  successively  referred  to  the  several  parts  supplied  by  these  divisions. 
This  may  be  easily  shown  by  compressing  the  ulnar  nerve  in  different  directions, 
where  it  passes  at  the  Inner  side  of  the  elbow-juiut. — Still  the  mind  nodoabtedly 
does  possess  a  certain  power  of  discrinjinatiog  the  part  of  the  nerve-iruok  oa 
wliicb  the  impresition  is  made;  for  whilst  this  impression  is  such  as  to  produee 
sensations  that  are  referred  to  its  peripheral  extremities,  pain  is  at  the  same  time 
felt  in  the  spot  itself;  and  it  would  seem  as  if  slight  impressions  axe  only  felt  in 
the  latter  situation,  at  least  in  the  norniiil  condition  of  the  trunk  or  fibre.  Tbiu, 
as  it  has  been  well  remarked  by  Yolkmann,  "if  a  needle's  point  be  drawn  in  a 
straight  lioe  across  the  buck,  or  the  thigh,  or  any  part  in  which  the  nerves  are 
widely  placed,  the  mind  perceives  the  line  of  irritation  as  a  straight  one ;  whereas, 
if  it  referred  all  impressions  to  the  ends  of  irritated  fibres,  this  mode  of  irrita- 
tion should  be  felt  in  sensations  variously  scattered  about  the  line,  at  the  poioti 
where  the  nerve-fibres  crossed  by  the  needle  tcrminiite.'" 

II.  The  sensation  produced  by  irritation  of  a  branch  of  the  nervo,  ia  confined 
to  the  parts  to  which  that  branch  is  distributed,  and  does  not  affect  the  branchei 
which  come-off  from  the  nerve  higher  up. — The  rationale  of  this  h»w  is  at  once 
intelligible :  but  it  should  be  mentioned  that  there  are  certain  conditions,  in 
which  the  irritation  of  a  single  nerve  will  give  rise  to  sensations  over  a  great 
extent  of  the  body.  This  '  radiation  of  sensations'  seems  rather  due,  however, 
to  a  particular  state  of  the  central  organs,  than  to  any  direct  coaunaxiicatiaa 
among  the  peripheral  fibres. 

III.  The  motor  influence  is  propagated  only  in  a  centrifugal  direction,  nerer 
in  a  retrograde  course.  It  may  originate  in  a  spontaneous  change  in  the  oentrtl 
organs,  or  it  may  be  excited  by  an  impression  conveyed  to  them  through  afferent 
nerves  ;  but  in  both  cases  its  law  is  the  same. 

IV.  When  the  whole  trunk  of  a  motor  nerve  is  irritated,  all  the  muscles  which 
it  supplies  are  caused  to  contract.  This  contraction  evidently  results  from  the 
similarity  between  the  effect  of  an  artificial  stimulus  applied  to  the  trunk  in  its 
course,  and  that  of  the  change  in  the  central  organs  by  which  the  motor  infla- 
ence  is  ordinarily  propagated.  But  when  onlj''  a  part  of  the  trunk  or  a  branch 
is  irritated,  the  contrncttoa  ia  usually  confined  t4i  the  muscles  which  receive  their 
nervous  fibres  from  it ;  in  this  instance,  as  in  the  other,  there  is  no  lateral  com- 
munication between  the  fibrils. — An  exc<'ption  exists,  however,  in  regard  to  gal- 
vanic irritation,  which  may  be  tran.sniitted  laterally  when  its  ordinary  coarse  i> 
checked;  as  has  been  shown  by  the  fullowiog  ingenious  experiment  of  M.  da 
Boia-Reyniond.  If  any  motor  nerve  be  selected  which  divaricates  info  two 
branches  (as,  fur  exawptc,  the  sciatic  nerve  of  a  frog,  whtrh  divides  above  the 
bend  of  the  knee  into  the  tibial  and  peroneal  branches),  and  a  galvanic  Btinmlitt 
be  applied  to  either  of  these  branches,  this  having  been  first  divided  above  itt 
insertion  into  the  muscles,  the  elcctrotonic  state  will  be  developed,  not  merely  is 
the  portion  of  the  trunk  continuous  with  that  branch,  bat  also  in  that  which  is 
continuous  with  the  other  branch,  as  will  be  made  apparent  by  the  contraction  io 
the  muscles  supplied  by  the  latter.  Tliat  this  experiment  may  be  free  from  the 
possible  fullacy  resulting  from  the  excitement  of  reflex  action,  the  trunk  of  the 
sciatic  nerve  should  be  divided  high-up,  or  the  spinal  cord  be  destroyed. 

475.   Ifttermination  of  the  Fitnctinns  of  Serves. — Various  methoids  of  deter- 

'  "  Ktrkes  nnd  Paget's  HBcdbook  of  Pliysiologj,"  p.  29fJ,  Am.  Ed, — It  docs  not  seem  im- 
probable, however,  that  in  the  case  of  ihe  compression  or  other  irritatioD  of  a  large  nerve- 
ti'uak,  the  toail  puin  may  be  produceil  tlirough  the  iiislrumcDtality  of  nem'  ntrvontm,  tbt 
existence  of  wliich  ia  scarcel;  leaa  probable  tbiui  that  of  txua  vatorum. 


DBTERMISTATION   OF   THE  FUNCTIONS  OF   NERVES. 


445 


miniDg  the  fonctiona  of  particular  nerves  present  thcmselyea  to  the  Physiological 
inquirer.     One  source  of  evidence  is  drawn  from  their  jteriphcral  distrthutton. 
For  example,  if  a  nervoas  trunk  is  found  to  lose  itself  entirely  in  the  suhstance 
of  Muscles,  it  may  ho  inferred  to  be  chiefly,  if  not  entirely,  motor  or  fffrrent. 
In  this  manner,  Willis  long  apo  determined  that  the  Third,  Fourth,  Sixth,  Portio 
dura  of  the  Seventh,  and  Ninlh  cranial  nerves,  are  almost  entirely  subservient  to 
muscular  movement;  and  the  same  had  been  observed  of  the  fibre?  proeeeding 
from  th«  small  root  of  the  Fifth  pair,  before  Sir  C.  Bell  experimentiiUy  deter- 
mined the  double  function  of  that  division  of  the  nerve  into  which  alone  it  enters. 
Again,  where  a  ner^'e  pnsses  through  the  masclcs,  with  little  or  no  ramification 
among  them,  and  proceeds  to  a  Cutaneous  or  Mucous  surface,  on  which  its 
braDcbes  are  minutely  distributed,  there  is  equal  reason  to  believe  that  it  is  of  a 
ten$ory  or  rather  of  an  afferent  character.     In  this  manner  Willis  eame  to  the 
conclusion,  that  the  Fifth  pair  of  cranial  nerves  differ  from  those  prc\nously  men- 
tioned, in  being  partly  ecnsory.     Further,  where  a  nerve  is  enitrrh/  distributed 
upon  a  surface  adapted  to  receive  impres.sions  of  a  gpecial  kind,  as  the  Schncide- 
rian  membrane,  the  retina,  or  the  membrane  lining  the  internal  ear,  it  may  be 
inferred  that  it  is  not  capable  of  transmitting  any  other  kind  of  impresaions  ;  for 
experiment  hag  shown  that  the  fpecnil  snisorjf  nerves  do  not  possess  coniTnon 
sensibility.     The  coRe  is  different,  however,  in  regard  to  the  sense  of  taste,  which 
originates  in  impressions  not  far  removed  frotn  those  of  ordinary  touch  ;  and  it  \s 
probable  that  the  same  nerves  minister  to  both. — Anatomical  evidence  of  this 
kind  is  valuable  also,  not  only  in  reference  ta  the  functions  of  a  principal  trunk, 
but  even  as  to  those  of  its  several  branches,  which,  in  some  instances,  differ  con- 
siderably.   Thus,  some  of  the  branches  of  the  Pneumngastric  are  especially  motor, 
and  others  almost  exclusively  afferent;  and  anatomical  examination,  carefully 
prosecuted,  not  only  assigns  the  reasons  for  these  functions,  when  a.<icertaincd, 
hut  ii  in  itself  nearly  sufficient  to  determine  them.     For  the  superior  laryngeal 
branch  is  distributed  almost  entirely  upon  the  mucous  surface  of  the  larynx,  the 
only  muscle  it  supplies  being  the  crico-thyroid  ;  whiJst  the  inferior  laryngeal  or 
recurrent  is  almost  exclusively  distributed  to  the  muscles.     From  this  we  might 
infer,  that  the  former  is  an  afferent,  and  the  latter  a  motor  nerve ;  and  experi- 
mental enquiries  (as  we   have  seen,  §  304)   fully  confirm   this  vit^w.     In  like 
manner  it  may  be  shown,  that  the  Glosso-pharyngeal  is  chiefly  an  afferent  nerve, 
since  it  is  distributed  to  the  surface  of  the  tongue  and  pharynx,  and  scarcely  at  all 
to  the  muscles  of  those  parts,  whilst  the  pharyngeal  branches  of  the  Pnciunogas- 
tric  are  chiefly,  if  not  entirely,  motor  (§  81).     Lower  down,  however,  the  branches 
of  the  Glosso-pharyngcal  cease,  aod  the  a^sophageul  branches  of  the  Pncumogas- 
tric  are  distributed  both  to  the  mucous  surface  and  to  the  muscles,  from  which  it 
may  be  inferred  ihat  they  are  both  afferent  and  motor;  a  deduction  which  expe- 
riment confirms  (§  82). — We  perceive,  therefore,  that  much  knowledge  of  the 
function  of  a  nerve  may  be  obtained,  from  the  attentive  study  of  its  ultimate  dis- 
tribution ;  but  it  is  necessary  that  this  should  be  very  carefully  ascertained, 
before  it  is  made  to  serve  as  the  foundation  for  physiological  inferences.     As  an 
example  of  fonner  errors  in  this  respect,  may  be  mentioned  the  description  of  the 
Portio  dura  of  the  Seventh,  as  first  given   by  Sir  C.  Bell ;  for  ho  incorrectly 
stated  it  to  be  distributed  to  the  skin  as  well  as  to  the  muiacies  of  the  face,  and 
erroneoosly  regarded  it  as  in  part  an  afferent  neiTc,  subRervicnt  to  respiratory 
impressions  as  well  as  to  motions.     In  the  same  manner,  from  inaccurate  obser- 
vation of  the  ultimate  distribution  of  the  Superior  Laryngeal  nerve,  it  was  long 
regarded  as  that  which  stimulated  to  action  the  constrictors  of  the  glottis. 

476.  But  the  knowledge  obtained  by  such  anatomical  examinations  alone  is  of 
a  very  general  kind;  and  requires  to  bo  made  particular, — to  be  corrected  and 
modified, — by  other  sources  of  information.  One  of  these  rclotea  to  the  fon- 
mexion  of  the  trunks  m(h  thf  certtrai  on/ant.  The  evidence  derived  from  thia 
e,  however,  in  seldom  of  a  very  definite  cbaraoter  j  and,  in  fact,  Fbyaiolo- 
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gists  bav«  rather  been  accuatonicd  to  judge  of  the  functions  of  particalar  dlrietoiif 
of  the  nervous  centres  by  those  of  the  nerves  with  which  they  are  connected, 
than  to  draw  aid  from  the  former  ia  tLe  determiaation  of  the  latter.  Still,  this 
kind  of  examination  is  not  without  its  use,  when  there  is  reason  to  believe  that 
a  particular  tract  of  fibrous  structure  has  a  certain  fuDction,  and  when  the  office 
of  a  nerve  whoso  roots  terminate  in  it  is  doubtful.  Here,  again^  however,  very 
minute  and  accurate  examination  ia  necessary,  before  any  sound  physiological 
iDfereiiccs  can  be  drawn  from  facts  of  this  description ;  and  many  instaacea 
migbt  be  adduced  to  show,  that  the  real  connexions  of  nerves  and  nervous  ceo- 
tres  are  often  very  different  from  their  apparent  ones. 

477.  Mo8t  important  information,  as  to  the  functions  of  particular  nerves  may 
be  drawn  from  experimenfal  utqtiin'et ;  but  these  also  are  liable  to  give  fkllacious 
results,  unless  they  are  prosecuted  with  a  full  knowledge  of  all  the  precautions 
necessary  to  insure  success.  Some  of  these  will  be  here  explained. — In  the  first 
place,  the  endowments  of  the  trunk  and  of  the  rooU  of  n  nerve  may  differ;  owinjf 
to  the  admixture,  in  the  former,  of  fibres  derived  by  inosculation  from  another 
nerve  (§  473).  Hence,  in  order  to  attain  satisfactory  results,  a  coiuparative  set 
of  experiments  should  aiways  be  made  upon  each. — A  nerve-trunk  may  be  too 
hastily  considered  as  motor,  on  account  of  the  excitation  of  muscular  movements 
by  irritation  of  its  trunk,  whilst  stilt  in  connection  with  its  centre  ;  for  stich 
movements  may  be  called- forth,  not  only  by  the  direct  influence  of  the  nerv9 
upon  the  muscles,  but  also  by  reflex  stimulation,  acting  through  the  ganglionic 
centre  upon  some  other  nerve.  The  real  nature  of  such  movementa  can  only  be 
determined  by  dividing  the  trunk,  and  then  irritating  each  of  the  out  extremi- 
ties. If,  upon  irritating  the  end  neparated  from  the  centre,  muscular  contrac- 
tions are  produced,  it  may  bo  safely  iuferrod  that  the  nerve  is  in  part  at  least,  of 
an  efferent  character.  Should  no  such  result  follow,  this  would  be  improbable. 
If,  on  the  other  hand,  muscular  movement  should  be  produced  by  irritating  the 
extremity  in  connexion  icith  the  centre,  it  will  then  be  evident,  that  it  is  occa- 
sioned by  an  impre&fvion,  conveyed  fomtrds  the  centre  by  (his  trunk,  and  prop*, 
gated  to  the  muscles  by  some  other ;  in  other  words,  to  use  the  language  of  Dr. 
M.  Hall,  this  nerve  is  an  'exciter'  of  motion,  not  a  direct  motor  nerve.  The 
Glosac-pharyngeal  has  been  satisfactorily  determined,  by  experiments  of  this  kind, 
pcrforiiied  by  Ih.  J.  Reid  (§  81),  to  be  chiefly,  if  not  entirely,  an  afferent  nerve. 
• — It  haa  been  from  the  want  of  a  propor  mode  of  experimenting,  that  the  func- 
tions of  the  posttrior  roots  of  the  Spinal  nerves  have  been  regarded  as  in  any 
degree  motor.  If  they  be  irritated,  without  division  of  cither  root,  motions  are 
often  excited;  but  if  they  be  divided,  and  their  separated  trunks  be  then  irri- 
tated, no  motions  ensue;  nor  are  any  movements  produced  by  irritation  of  the 
r'H)t8  in  connexion  with  the  spinal  cord,  if  the  anterior  roots  have  been  divided. 
Hence  it  appears  that  these  fibres  do  not  possess  any  direct  motor  powers,  hot 
that  they  convey  impressions  to  the  centre,  which  are  reflected  to  the  muscles 
through  the  anterior  roots. — The  same  difficulties  do  not  attend  thedeterminatiou 
of  the  unsortf  endowments  of  nerves.  If,  when  the  trunk  of  a  nerve  is  pricked 
or  pinched,  tho  animal  exhibits  signs  of  pain,  it  may  be  concluded  that  the  nerve 
is  capable  of  receiving  and  tranBmitting  sensory  impressions  from  its  peripheral 
extrumity.  But  it  happeoH  not  unfrequcntly,  that  this  capability  is  derived  by 
inosculation  with  another  nerve;  as  is  the  case  with  the  Facial,  which  is  sensory 
after  it  has  pa.ssed  through  the  parotid  gland,  having  received  there  a  twig  fro^^H 
the  Fifth  pair.  A  similar  inosculation  explains  the  apparent  sensibility  of  tt^^B 
anterior  roots  of  the  Spinal  nerves.  If  these  be  irritated,  the  animal  usually 
gives  signs  of  uneasinesa;  but  if  they  be  divided,  and  the  cut-ends  nearest  the 
centre  be  irritated,  none  such  are  exhibited;  whilst  they  are  still  shown  when  the 
farther  ends  are  irritated,  but  not  if  the  posterior  roots  are  divided.  This  seems 
to  indicate  that  from  the  point  of  junction  of  (he  two  roots,  sensory  flbres  derived 
&0D1  the  posterior  roots  pass  iMckwards  (or  towards  the  centre}  in  the  anterior; 
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and  that  the  apparent,  sensory  endowmeots  of  the  latter  are  entirely  dependent 
apoD  their  conoexion  with  the  posterior  columo  of  the  Bpioal  cord,  through  the 
posterior  roots. 

478.  The  fallacies  to  which  all  experiments  apoo  the  Derrea  are  sabjeet, 
Artsiog  from  the  partial  Iosj;  of  their  power  of  receiving  and  conveyiug  iupres- 
sioDB,  and  of  exciting  the  muscles  to  action,  after  death,  are  too  ob\nous  to 
require  loore  particular  metition  here  j  jet  they  are  frequently  oTcrlooked.  Of 
a  similar  description  are  those  arising  from  severe  disturbance  of  the  system,  in 
consequence  of  operationa  j  which  also  have  not  been  enough  regarded  by  ex- 
perimenters.— As  a  general  rule,  ne</ative  results  are  of  less  value  than  ptmtivej 
but  very  careful  discrimination  ia  often  required  to  determine  what  are  negative, 
and  what  positive  results.  Each  particular  case  has  its  own  sourocs  of  fallacy, 
which  require  to  he  logically  scrutinized;  and  the  only  satisfactory  proof  ia 
derived  from  the  concurrence  of  every  kind  of  eviJcuce,  which  the  nature  of 
the  inquiry  admits-of  Thus  in  the  determination  of  the  functions  of  a  parti- 
cular nerve-trunk,  it  should  he  shown  that  a  certain  effect  is  constantly  produced 
by  its  excitation  (under  the  conditioDS  laid-down  in  the  preceding  paragraph), 
and  that  a  corresponding  interruption  in  the  action  to  which  it  is  hence  inferred 
to  be  subservient,  takes  place  when  its  continuity  has  been  interrupted :  by  this 
double  proof,  the  Glosso-pharyngeal  and  the  rncumngastrio  are  shown  to  be  the 
principal,  but  not  the  sole,  exciiors  of  the  movements  of  Deglutition  and  Inspi- 
ration respectively.  But  the  evidence  afforded  solely  by  the  interniplion  of  a 
particular  function,  after  the  division  of  a  certain  nerve,  or  the  destruction  or 
removal  of  a  nervous  centre,  is  by  no  means  so  satisfactory;  for  this  maybe 
occasioned  rather  by  the  geueral  effects  of  the  operation,  than  by  tbe  simple 
lesion  of  the  nervous  ajtparatus.  In  order  to  get  rid,  so  far  as  possible,  of  this 
source  of  fallacy  (which  particularly  affects  experiments  upon  tbe  Kncephalio 
centres,  and  upon  the  iuffuence  of  the  nerves  upon  the  viscera),  it  is  desimble  to 
perform  comparative  experiments,  in  which  the  general  injury  shall  be  as  nearly 
as  possible  the  same,  and  the  only  difference  shall  lie  in  the  lesion  of  the  nervous 
system  ;  and  to  subtract  from  the  entire  result  all  that  can  be  thus  showu  to  be 
attributable  to  the  general  di.'^turbance  produced  by  the  operation.  But  even 
then,  it  may  happen  that  the  function  is  only  suspended  for  a  time,  by  the  shock 
which  has  been  induced  by  the  injury  Xo  the  nerve j  and  if  it  should  be  subse- 
quently renewed,  without  any  reunion  of  the  trunk,  we  have  the  most  convincing 
proof  that,  whatever  degree  (if  participation  the  nerve  may  have  in  it,  the 
action  is  not  essentially  dependent  upon  the  integrity  of  that  portion  of  the 
oervous  apparatus.  Such  we  have  seen  to  be  the  case,  in  regard  to  the  relation 
of  the  Pnenmogastric  nerves  to  the  secretion  of  gastric  fluid  in  the  walls  of  the 
stomach  (§§  101-103). 

479.  All  our  positive  knowledge  of  the  functions  of  the  Nervous  System  in 
general,  save  th»t  which  rchults  front  our  own  consciousness  of  what  passes  within 
ourselves,  and  that  which  we  obtain  from  watching  the  manifestations  of  disease 
ia  Man,  Is  derived  from  observation  of  the  phenomena  exhibited  by  animals 
made  the  subject*  of  experiment* ;  and  in  (he  interpretation  of  those,  great 
caution  must  be  exercised. — In  the  first  place  it  must  be  constantly  borne  in 
luiud,  that,  except  through  the  moi^emfrnta  consequent  upon  them,  we  have  no 
means  of  ascertaining,  whether  or  not  particular  changes  in  the  Nervous  System, 
whose  character  we  are  endeavouring  to  determine,  arc  attended  with  Sensation; 
since  we  have  no  power  of  judging  whether  or  not  this  has  been  excited,  save 
by  the  cries  and  struggles  of  the  animal  made  the  subject  of  experiment.  Now 
although  such  cries  and  struggles  are  ordinarily  considered  as  indications  of  pain, 
yet  it  IS  not  right  so  to  regard  iht-m  in  every  instance ;  and  the  only  unequivocal 
evidence  is  derived  from  observation  of  the  corresponding  phenomena  in  the 
Human  subject;  since  we  can  there  ascertain,  by  the  direct  testimony  of  the 
individual  sheeted,  what  impressioos  produce  sensation,  and  what  excitti  muve- 
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ments  independently  of  seDsation  (§§  506-509).  Further,  ire  are  not  ju«tificd 
in  nsaunudg  that  Consciousness  is  excited  by  an  irritation,  still  less  that  Intelli- 
gence acd  \Vill  are  called  into  exercise  by  it,  merely  because  movements,  cridently 
tCDding  to  get  rid  of  its  eource,  are  performed  in  respondence  to  it.  We  know 
that  the  cootractions  of  the  heart  and  alimentary  tube  are  ordinarily  excited  by 
a  stinmlus,  without  any  sensation  being  involved  ;  and  these  movements,  like  all 
that  are  concerned  in  the  maintenance  of  the  Organic  functions,  have  an  obvious 
ilfsiffn,  when  considered  either  in  their  immediate  effects,  or  in  their  more  remote 
consequences.  The  character  of  adopfii>enesgf  then,  in  Muscular  movemen 
excited  by  external  stimuli,  is  no  proof  that  they  are  performed  in  obedience 
sensation  ;  much  less  that  they  have  a  volnntary  character.  In  no  case  w  tl 
adaptiveness  more  remarkable,  than  in  some  of  those  actions,  which  are  not  oo^ 
performed  without  any  effort  of  tbc  wit],  but  which  the  will  cannot  imitate.  Tl 
is  the  case,  for  example,  with  the  act  of  Deglutition  (§§  81,  82),  the  muse 
concerned  in  which  cannot  be  thrown  into  contraction  by  a  voluntary  impulse," 
being  stimulated  only  by  impressions  conveyed  from  the  mucous  surface  of  the 
fauces  to  the  Medulla  Oblongata,  and  thence  reflected  along  the  motor  nerve*. 
No  one  can  swallow,  without  producing  an  impression  of  some  kind  upon  this 
surface,  to  which  the  muscalar  movements  will  immediately  respond.  Now  it  is 
impossible  to  conceive  any  movements  more  perfectly  adapted  to  a  given  purpose, 
than  are  those  of  the  parts  in  question ;  and  yet  they  are  independent,  not  only 
of  volition  but  of  sensation,  being  still  performed  in  eases,  in  which  consciousnea 
b  completely  suspended,  or  entirely  absent.  The  act  of  Sucking  in  the  infant, 
again,  is  one  in  wlitch  a  number  of  muscles  are  called  into  combined  contraction, 
in  a  manner  whidi  shows  a  eompicte  adaptation  to  a  given  purpose;  and  yet  it 
is  impossible  to  suppose  this  adaptation  to  be  jivrpoihe  on  the  part  of  the  iofant 
itself  J  more  especially  as  it  is  shown,  both  by  the  occurrence  of  monstrositie«, 
and  by  experiments  roude  with  this  object  (§  77),  that  no  part  of  the  Cranio-spiDol 
usis  above  the  MeduHa  Oblongata  is  necessary  to  it  And  in  the  acta  of  Couch- 
ing and  Sneezing  (§  306),  we  have  additional  examples  of  the  most  adaptive 
movements,  executed  by  a  marvellous  combination  of  separate  muscular  actions, 
with  the  obvious  purpose  of  removing  sources  of  irritation  from  the  air-pas$age»; 
and  yet  we  know  by  personal  experience,  that  this  combination  Is  not  made  with 
any  design  of  our  own. 

2.   0/lhe  Spinal  Cord  and  MedvNa  Oblongata; — their  Structure  and  Acttont, 

480.  In  our  more  detailed  conaideration  of  the  functions  of  the  several  divi- 
Bions  of  the  Nervous  System,  it  is  desirable,  for  several  reasons,  to  commence 
with  the  Cranio-Spintil  Axifi ;  which,  as  already  pointed-out  (§  464),  mav  be 
considered  as  constituting  t!ie  fundamental  portion  of  this  apparatus.  The  eutin 
Axis  is  divided  into  its  Cranial  and  its  Spinal  portions,  the  passage  of  the  Cord 
through  the  '  fornmen  magnum'  of  the  occipital  bone  being  considered  to  m»rk 
the  boundary  between  them;  and  nlihough  the  separation  of  the  Medulla  Spi- 
nalis from  the  Mt-dulla  Oblongata,  which  is  thus  established,  is  in  itself  purely 
artificial,  yet  it  will  be  found  to  correspond  completely  with  the  nataral  division 
founded  on  their  respective  physiological  attributes. 

481.  The  Spinal  Cord,*  which  extends  from  the  margin  of  the  foramen  map- 
num  to  the  first  or  second  lumbar  vertebra,  and  wLieh  is  prolonged  as  the  Jilwn 
termtnok^  to  the  extremity  of  the  sacral  canal,  is  almost  completely  divided  by 
tbc  atitenor  and  posterior  mcdiun  ytsswrcs  (Fig.  126,  o,  p)j  into  two  lateral  and 

*  The  sketch  given  in  the  text  of  the  Anatomjr  of  the  Spinal  Curd,  is  chiefly  derived  fhim 
the  statpments  of  I'rot  Kollikerin  his  "  Mikrockopischc  Auntomio"  (Band  u.  {||  115,  116), 
and  of  Mr.  J.  L.  Clnrke  ia  the  "  PhilosophJcal  Trausactiona,"  1851  and  1862;  betvecn 
which  there  is  a,  general  BccordauL-o. 

•  The  structure  of  the  'filum  terininnle'  ia  in  every  respect  essentially  the  mme  ma  that 
^f  the  proper  Spia»l  Cord,  aave  that  no  nenre-roots  are  connected  with  it, 
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Trknrene  seoUon  of  ffumnn  Spinat  Cord,  tlirou^h  the  mtddle  of  the  Inmbar  enlargement, 
•huiriog  on  the  right  lide  the  coarse  of  the  nervc-roti'tJ,  and  on  the  left  the  poaition  of  the 
imneipnJ  tracte  of  ▼eaicnlnr  [nntt«r: — A,  A,  anterior  culumni;  p,  p,  pott<>rior  columns;  L,  u 
luteral  colamos;  a,  BDt«rior  median  fissure;  p,  posterior  median  flssaroj  6,  b,  b,  b,  SDt«rior 
roots   of  spinal  nerres;   e, «,  posterior  roots;   rf,  li,^  tracts  of  vc^icolar  matter  In  ODtorior 
oolamD;  e,  tracta  of  Tesiculor  matter  Id  posterior  colnmDj  /,  fpmal  column;  g,  substantia 
(elatinosa. 
Sj^mtnetrical  halves.     The  *  anterior  median  fissure'  (a)  is  more  distinct  than  the 
posterior,  being  wider  at  the  surface ;  but  it  onlj  penetrates  to  about  otic4bird 
of  the  thickness  of  the  Cord,  its  depth  increasing,  however,  towards  its  lower 
part.     The  sides  of  the  'posterior  medlian  fissure'  (p),  on  the  other  hand,  are  in 
closer  approximation ;  but  the  division  coiuinonly  extccda  to  about  half  the  thick- 
ness of  the  cord,  beinp  deeper  towards  its  upper  thun  towards  its  lower  end. 
The  two  halves^  therefore,  are  only  united  hj  a  eommiesunt]  band,  which  occu- 
pies the  central  part  of  the  cord  ;  and  this  is  traversed  by  the  *  Spinal  canal'  {/), 
which  is  continued  downwards  from  the  fourth  ventricle.'     At  a  little  distance 
from  either  side  of  the  posterior  median  fissure,  and  corresponding  with  the  line 
of  attachment  of  the  posterior  roots  of  tbe  nerves^  is  the  posterior  lateral  fur- 
row ;  a  shallow  longitudinal  depression,  which  marks-out  the  'postt^rior  columns* 
of  the   Cord  (P,  P),  as  distinct  from   the  '  anteno-Iateral  columns.'     A  corres 
ponding  furrow  has  been  sometimes  described  as  traversing  the  Cord  in  the 
liae  of  tbe  anterior  roots  of  the  nerves  on  either  side;  but  this  can  scarcely 
be  said  to  have  a  real  existence;   and   the   separation    of  the  ' intoro-laleral 
columns  into  tbe  anterior  and  lateral  columns  (A  A  and  L  l)  ia  only  marked 
extemolly  by  the  attachment  of  the  nerve-roots.     It  is  made  more  obvious  in- 
ternally, however,  by  tbe  peculiar  distribution  of  the  grey  matter ;  which,  though 
by  no  means  uniform  throughout  the  Cord,  usually  presents  (in  a  transverse  sec- 
tion) the  form  of  two  somewhat  crescent-shaped  masses,  whose  convexities  are 
turned  towards  each  other,  and  are  connected  by  the  grey  commissure,  whilst 

•  The  canal  can  only  be  distinguished  in  Man  (being  no  more  than  1-1 00th  of  an  inch 
in  diameter),  by  eubmitting  thin  transrerse  sections  of  tbe  Cord  to  microFcopic  cxnminn- 
tion;  whence  it  happens  that  its  existence  in  the  adult  hna  been  denied  by  Kolliker  nnd 
many  ennioent  anatomists.  Its  presence  is  nacb  more  ohvions,  however,  in  Fishes;  io 
«bo!>e  spinal  cord  the  comniis^urttl  counecliou  between  the  two  luterul  halves  is  {tiX  less 
distinct  than  in  higher  VertebruU. 
29 
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their  cornua  are  directed  towards  the  surface  of  the  cord ; 
the  posterior  peak  on  each  ride  nearly  reaches  the  poste- 
rior l«teral  furrow,  whilst  the  anterior,  though  the  larger 
cornu,  does  not  approach  quite  so  near  the  surface. 
The  grey  matter  is  enveloped  by  the  tchite  mhitana 
of  the  columins,  which  are  entirely  composed  of  ner?©- 
tube8,  whose  scneral  direction  is  lonpitudinal. — ^The 
Spinal  Cord  of  Man  ig  by  no  means  of  uniform  dimen- 
ejons  in  every  part  of  it*  length  ;  and  the  proportions 
which  the  grey  and  white  substances  bear  to  one  an- 
other in  different  parts,  are  extremely  diverse  (Fig. 
126).  Two  principal  enlargements  are  seen  in  the 
cervical  and  lumbar  regions,  at  the  origins  of  the 
large  nerves  forming  the  tracheal  and  crural  plexuses  j 
and  these  enlargements  are  chiefly  due  to  an  increaae 
of  the  grey  substance,  which  is  comparatively  deScieot 
in  the  intervals.  On  the  other  hand,  there  is  a  regu- 
larly-progressive increase  in  the  tchite  substance,  as  we 
proceed  from  the  lower  to  the  higher  portion  of  the 
cord;'  and  thia  fact  of  itself  serves  to  indicate  the 
probability,  that  the  longitudinal  columns  serve  (ai 
formerly  suppoacd)  to  establish  a  direct  connection  be- 
tween the  Encephalic  centres  and  the  roots  of  the 
Spinal  nerves. 

482.  The  <jrey  matter  or  vesicular  substance  of  th« 
Spina!  Cord,  which  is  best  Bcen  in  transverse  sectioo 
(Fig.  126),  is  by  no  means  uniform  in  its  texture 
throughout.  Its  anterior  cornua,  which  are  thicker 
and  shorter  than  the  posterior,  are  of  a  uniform  grtj 
colour;  and  they  consist  of  large  well-developed  nerve- 
cells  (</},  wliich  usually  present  many  radiating  pro- 
cesses that  seem  to  inosculate  together,  with  deli- 
cate nerve-fibres  of  medium  fineness  passing  in  varion 
ffvinftl  «ord;  a.  IroniediMicly  directions  between  them.  The  central  portion, 
below  thff  deeaMatioa  of  ih«  conlaios  the  canal,  and  which  also  forms  the  comml 
^^^^Xl-h'  '*'J"j"*'''°'  **'^  sure,  has  a  similar  eompo.-?ition ;  but  the  cells  are 
t^««n  cervi^^nd  'llmbw  Smaller,  though  Still  having  long  branching  radiatiooi; 
bolbe.  ».  Lombof  bulb.  a.  and  the  fibres  are  extremely  fine,  their  tubularity 
An  inch  lower,  r.  Very  near  being  often  indistinguishable.  The  anterior  portion 
tba  lower  enri  a.  Anterior  (,f  i]^^  commissure,  however,  is  purely  fibrous,  and  is 
imrfaoe.    p.  Poiterior  lurface.  distinguished  by  some  as  the  '  white  commissure :'  it 

The  poiDla    of   cmereenco    of    j  °     ..      i         "^  /.  •  j-   ^  .. 

poiterior  "^^^^   °°'»   however,  lorra   an    immediate    connection 

alto  between  the  two  anterior  columns,  but  brings  each 

of  them,  as  will  be  presently  seen,  into  relation  with 

the  vesicular  matter  of  the  anterior  cornu  of  the  oppo- 

The  posterior  cornua,  longer  and  narrower  than  the  anterior,  con- 
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the     anterior     and 
root*  of    the   nerve*  are 
•een. 


cite  side. 


■  See  Eolliker'B  "  Mikroskopischo  Anatomip,"  band  it.  Q  IIG,  and  "  Munual  of  Tlaniu 
Histology"  (Sydenham  Society],  vol.  i.  p.  420. — The  stntemests  in  the  text  are  in  direct 
eontrndiction  to  the  asaertiona  of  Volkmiinn  (Art  <  Nervenphyaiologie'  in  "  Wagner't 
llfindworterbuch/'  baud  ii.  pp.  482,  et  seq.);  who  affirma  that  the  grejr  and  white  sab- 
stanoefl  everywhere  bear  the  same  proportion  one  to  the  other,  nod  that  there  is  absolutely 
leas  wbite  matter  bigb-up  in  the  neck,  Iban  there  is  lover-down  in  tlie  cord.  Bat  hU  sea- 
Burcmenta  were  made  upon  the  Spinal  Cord  of  the  Horse;  and  it  eeema  not  improbable, 
from  the  consiiierfttiona  to  be  hereafter  stated  (^  487},  that  there  may  be  an  essential  dii 
ferencfl  between  Man  and  the  lower  Animnlti,  as  to  tbe  proportion  which  the  root-fibm 
terntinating  in  Iho  .Spinal  Cord  itself,  bear  to  those  which  pass  between  the  rootaof  the 
nerves  and  the  Eneephalon. 


4 


I 


I 


I 


I 

I 


tain  a  tract  of  vesicular  matter  (f')  on  each  Tw.  128. 

eide,  the  cells  of  wbich  resemble  those  of  the 
central  portion ;  this  tract  ia  invested  by  a 
more  transparent  lajer,  which  has  been  dis- 
tinguished D8  the  nibslantia  (/fhtlinoisa  ;  but 
the  compofiition  of  the  latter  onlj  difTers  from 
that  of  the  former  in  the  smaller  eize  of  the 
nerve-cella,  both  having  a  large  admixture 
of  fine  fibres.  In  no  case  has  a  direct  con- 
tinuity been  distinguished  between  the  nerve- 
fibres  and  the  vesicles  or  their  prolon^tions ; 
though  there  are  circumstancea  which  Beem 
to  render  such  a  conclusion  probable. 

483.  The  connection  of  the  Nerve-roots 
of  the  Spinal  Nerves  with  the  several  cam- 
poneuts  of  the  Cord,  and  the  course  of  the 
fibres  after  entering  it,  can  only  be  made-out 
by  means  of  sections  ;  since  all  attempts  to 
follow  the  course  of  individual  fibres,  or  even 
that  of  fasciculi,  by  ordinary  dissection,  have 
18  yet  proved  quite  futile.'  The  following 
i»  an  outline  of  the  information  which  may 
thus  be  p:sined,  from  a  comparison  of  trans- 
verse and  longitudinal  sections  (Figs.  126aud 
128). — Tbe  bundles  that  form  the  Posterior 
rootjj  (Fig.  126, c,r,  Fig.  128,  p,p,  p),  consist 
t>f  three  kinds,  which  differ  from  each  other 
partly  in  direction,  and  partly  in  the  size  of 
their  component  filaments.  The  ^rsl  kind, 
Fig.  128,  a,  a,o,  (which  seem  to  be  limited 
to  the  upper  part  of  the  Cord)  enter  the 
posterior  columns  horizontally;  and  then, 
taking  a  longitudinal  direction  down  the 
Cord,  send  fibres  into  the  anterior  grey  sub- 
stance (o),  of  which  some  bend  upwards^ 
mod  others  downwards ;  part  apparently  be- 
coming continuous  with  fibres  of  the  ante- 
rior roots;  whilst  another  part  lose  them-  eaiu-gcment  of  Spinal  Cord  of  Cat.— 
selves  among  the  fibres  of  the  anterior  a c,  anterior  whiu  columns;  ac'  portion 
columns,  in  which  they  may  either  proceed  'lowing  the  arrangement  of  the  loHgitndi- 
^-  1     *     iU     I.      J  1  oal  fibres:    PC,   poelenor  wbtte  colunini ; 

continuously  to  the  head,  or  raav  pa.'?s-a  one  „   „  ..    .V  ,  '      u  ,_,„„  .t,«„  „i,^  — 
!•     •     J    J-  I  *  •      "•  fS^'y  »ub6tance  between   tneni  (tne  ve- 

for  a  hmited  distance  only,  to  emerge  in  giciegomittod,  to  tvoid  obscuring  the  courw 
the  nerve-roots  of  some  other  segment.  The  of  the  fibres);  a,  •nterior  roou  of  ths 
ffcond  kind  of  bundles,  I,  t,  I,  also  traverse  »"▼«« ;  p,  posterior  root*,  eontlating  of 
the  posterior  columns  horizontally  and  ob-  three  kinde,  iho  flmt,  n  crowmg  ibo  poete- 
,.        *•      ■  J         .1    -      /<     .1  rt^T  colomnii  honxoDlally,  and  Inen  paivmc 

hquely  inwards ;   their  further  course  may  obliquely  downward,,  ncrou  th«  grey  «b- 

be  best  traced  in  a  transverse  section  (Fig.  giance,  into  the  untcrior  eolnmnii;  tbe 
126).      These  fasciculi,  which  are  composed  mcoikI,  t,  traverjing  the  po«terior  oolumna 

of  remarkably  fine  and  delicate  fihresj  inter-  l3  0"«ttntaliy,  and  then  dUtributing  them. 
lace  so  as  to  form  with  each  other  an  intri-  I^!"'   "^^^^J   "*•  grey  .nb.tanoe;   tho 

,  J    e  I  •  •    r  y  (bird,  c,  Tat  tbe  tnoiit  pBrt   becoming  con- 

cate  plexus  J  and  from  this,  straight  and  tj„„oo.  with  th«  longitudinal  fibres  of  the 
distinct  bundles  enter  the  posterior  comua  pcwtedor  column. 

'  Mr.  J.  L,  Clarke  has  iucceeded,  by  the  adoption  of  a  peculiar  method  of  preparation 
(for  which  see  "Phil.  Trnns.,"  1861,  p.  fi07),  in  making  sectiona  of  considerable  dimen 
aions,  sufficiently  transparent  to  allow  the  cuureie  of  the  fibres,  and  the  ouutuur  of  Ibe 
nerve-cetla  and  their  proloDgations,  to  be  distiootljr  made-out. 


Longitudinal    Section    Uintogh    Cervieal 
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alonpr  their  whole  breadth,  crosfring  the  '  substantia  gclatioosa'  both  obliquely  and 
at  right  angles.  Haviug  thus  entered  the  vesicular  substance  of  the  Cord,  mui«,, 
of  the  fibres,  after  traversing  it,  emerge  from  it  again,  into  either  the  posterio 
eoluoius,  or  the  posteriur  purtioa  of  the  latcrul  columns  ;  others  pass  towards  tl 
transverse  cnmmissure,  through  which  thoy  seotn  to  tnake  their  way  to  the  post 
rior  and  lateral  columns  of  the  opposite  side ;  and  others,  again,  form  a  fin»l 
network,  which  extends  towards  the  anterior  comua.  Of  the  fibres  of  a  thirti 
set  (Fig.  128,  c,  c,  c),  a  part  seem  to  become  directly  continuoua  with  the  fibres 
of  the  posterior  columns;  the  larger  proportion  of  them,  however,  oross  these 
eolutnns  obliquely  upwards,  and  eater  the  grey  substance  at  differeot  poiots; 
after  passing  into  which,  tbey  can  no  longer  be  clearly  followed,  although  some 
of  thciii  appear  to  form  loops  and  then  return  to  the  white  columns. — The  fasci- 
culi of  fibres  which  constitute  the  anterior  roots  (Fig.  126,  6, 6,  6,  Fig.  128,  A,  a), 
on  the  other  hand,  traverse  the  anterior  columns  of  the  Cord  nearly  borisootally, 
and  in  straight  and  distinct  bundles,  which  do  not  interlace  with  each  other, 
until  tbey  roach  the  anterior  cornu  of  the  grey  substance ;  on  entering  this,  they 
break-up  into  smaller  bundles  and  separate  fibres,  which  diverge  in  various 
directions;  some  pass-out  again  into  the  anterior,  and  otbcrs  into  the  lateral 
columns  of  the  same  side;  others^  again,  pass  towards  the  anterior  part  of  the 
commissure,  in  which  they  cross-over  to  the  opposite  side,  entering  its  anterior 
and  lateral  columns ;  a  considerable  number  plunge  into  the  central  rabflt«At« 
of  the  grey  coruu,  and  of  these  some  become  longitudinal,  passing  equally  upwards 
and  downward:!,  whilst  others  seem  to  traverse  it  horizontally,  so  as  to  come  into 
relation  (not  imprfibably  into  actual  continuity)  with  the  posterior  roots. 

484.  Thus  we  see  that  there  are  two  very  di.stinet  courses  pursued  by  the  Root- 
fibres  of  the  Spinal  Xtrves,  in  the  substance  of  the  Cord ;  the  first  trantvrrtf, 
the  second  lowjiinJimiL  The  fibres  belonging  to  the  former  category  traverse 
the  Cord  horizontally  or  obliquely,  and  appear  to  pass-out  in  the  other  set  of 
roots  oonneeted  with  the  Kime  segment,  either  on  its  own  or  on  the  opposite  side 
of  the  median  fi.ssure.  Of  those  belonging  to  the  latter,  a  small  part  appears  to 
connect  the  posterior  roots  directly  with  the  posterior  columns,  without  passic 
into  the  vesicular  substance ;  but  the  remainder  of  those  belonging  to  the  po»(> 
rior  roota,  first  enter  the  grey  matter  of  the  Cord,  and  then  emerge  from  it  either' 
into  the  posterior  column,  or  into  the  posterior  part  of  the  lateral  column,  of 
their  own  or  of  the  opposite  half  of  the  Curd;  and,  in  like  manner,  all  the  lon- 
gitudinal fibres  belonging  to  the  anterior  roots  first  enter  the  vesicular  substance, 
and  then  pass-out  from  it  into  the  anterior  column,  or  the  anterior  part  of  the 
lateral  column,  of  the  same  or  of  the  opposite  side.  How  far  any  of  these  lon- 
gitudinal fibres  proceed,  however,  either  upwards  or  downwards  in  the  Cord, 
must  be  acknowledged  to  be  altogether  undecided.  It  seems  quite  probable  that 
tome  of  them  are  (so  to  speak)  properly  longitudinal  commissures,  serving  to 
connect  the  nerve-roota  of  ono  segment  of  the  Cord,  with  the  vesicular  sabstance 
of  another  at  a  greater  or  less  distance  either  above  or  below ;  and  it  has  been 
recently  maintained  by  several  distinguished  Neurologists,  that  all  must  probably 
be  of  this  character,  so  that  the  Spinal  Cord  is  the  real  centre  of  all  the  nerve- 
fibres  connected  with  it.  The  principal  argument  for  this  doctrine  (which  seems 
to  have  originated  with  the  anatomical  researches  of  Stilling  and  Wallach,'  and 
to  have  been  first  put^forth  on  a  physiological  basis  by  Messrs.  Todd  and  Bow- 
man'), arises  from  the  asserted  difficulty  of  supposing  that  its  longitudinal 
columns  can  transmit  any  considerable  number  of  nerve-fibres  from  the  Ence- 
phaloQ  to  the  Spinal  nerve-roots.  Thus  it  is  urged  by  Dr.  Todd,  that  it  is  highly 
improbable  that  the  only  channel  by  which  the  Will  can  influence  the  spinal 
nerves,  should  be  (as  generally  admitted)  that  aflforded  by  the  Anterior  Pyra- 

'  •' Untersuchungen  Qber  die  Tcstiir  dos  Riickenmiirks,"  Leipzig,  1642. 
•  "Physiological  Anatoin^'  and  Physiology  of  Mao,"  Part  ii.,  1846. 
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mids;  since  the  whole  bulk  of  these  pyraraids  on  loth  sides,  toKen  iogetber, 
Bcarcely  equals  that  of  one  of  the  anterior  portions  of  the  nntero-lateral  columns. 
Moreover,  if  there  were  a  gradual  giving-off  of  Encephalic  fibrcB  from  the  Ion- 
gitudinal  colunins  into  the  roots  of  the  nerves,  the  size  of  these  columns  ought 
progressively  to  diminish  fcom  above  downwards ;  whereas  it  is  asserted  by  Volk- 
tnann,  who  has  strenuously  upheld  this  doctrine  (loc.  cit."),  that  the  size  of  the 
white  columns  presents  no  such  diminution,  but  that  it  is  everywhere  prnportionnl 
to  the  quantity  of  grey  matter  in  the  Cord.  Thus  in  Serpents,  the  Spinal  cord 
(as  already  noticed)  is  remarkuble  for  its  uniforuMty  of  dimension  through  its 
entire  length,  the  absence  of  limbs  preventing  the  necessity  for  an  increase  in 
the  quantity  of  grey  matter  in  any  part,  and  the  fibrous  columns  presenting  a 
similar  uniformity  throughout;  whereaSj  if  the  latter  be  really  Encephalic,  they 
should  gradually  dwindle-away  from  the  head  to  the  tail.  Moreover  it  baa  been 
estimated  by  VolkmanUj  that  the  area  of  the  whole  Spinal  Cord  of  a  Boa,  at  its 
anterior  pwt,  is  not  more  than  one-ckvrnth  part  of  the  united  area  of  the  221 
pairs  of  nerves  which  are  given-off  from  it.  Further  it  is  urged  by  Volkmann, 
that  the  white  columns  are  absolutely-smaller  in  the  cervical  region,  than  they 
are  in  the  lower  part  of  the  Cord ;  so  that  they  would  not  suffice  to  convey  even 
the  lumbar  columns  upwards  to  the  Encephalon,  much  less  to  transmit  the  fibres 
of  all  the  intervening  nerves  in  addition. 

485.  These  and  similar  statements,  however,  have  been  recently  toet  by  Prof 
Kolliker  (loc.  cit.),  whose  researches  have  led  him  to  a  conclusion  opposed  to 
that  of  Volkmann,  although  he  was  at  one  time  inclined  to  coincide  with  it.  He 
has  assured  himself  that  in  Man,  the  thickness  of  the  white  columns  docs  aug- 
ment from  below  upwards,  and  that  the  increase  in  the  diameter  of  the  Cord  at 
the  ganglionic  enlargements  is  due  to  the  augmcntarion  of  the  grey  matter  only. 
Moreover,  the  diameter  of  the  nerve-tubes  in  the  Cordj  especially  at  its  upfMJr 
part,  is  so  much  smaller  than  the  diameter  of  the  nerve-tubes  of  the  Nerve-roots, 
that  a  large  allowance  must  be  made  for  this  difference,  in  estimating  the  relative 
number  of  nerve-tubes  in  the  fibrous  eoluntus  of  the  Cord  and  in  the  spinal 
Nerves ;  and  be  asserts  from  actual  measurement,  that  it  is  by  no  means  impos- 
sible for  the  fibrous  strands  of  the  former  to  contain  all  the  nerve-tubes  which 
issue  from  them  in  the  latter.  He  has  found  himself  unable,  moreover,  to  detect 
any  termination  of  the  nerve-fibres  in  the  vesicular  substance  of  the  spiniil  cord; 
and  hence  he  thinks  it  probable  that  they  all  pass  upwards  to  the  brain. — On  the 
other  hand,  the  researches  of  Mr.  J,  L,  Clarke,  which  have  been  carried  in  some 
respects  to  a  greater  degree  of  minuteness  than  those  of  Prof  Kolliker,  seem  to 
confirm  the  belief  that  there  w  a  set  of  fibres  which  never  become  longitudinal, 
and  which,  accordingly,  have  no  other  ganglionic  centre  than  the  vesicular  sub- 
stance of  the  segment  of  the  Cord  with  which  they  come  into  immediate  rela- 
tion; whilst  they  also  accord  with  thme  of  Prof  KiJlliker  in  rendering  it  ex- 
tremely probable,  that  many  of  the  longitudinal  fibres  of  both  roots,  do  pass 
continuously  upwards  to  the  Encephalon,  most  of  them  aftrt'  traversing  the  grey 
nucleus,  but  some  of  those  of  the  posterior  roots  without  even  entering  the  vesi- 
cular substance,  so  that  th^iie  cannot  have  their  ganglionic  centre  in  the  Cord  at 
all.  If  the  latter  be  among  the  fibres  which  pass-up  through  the  Posterior  Pyra- 
mids into  the  sensory  tract  of  the  Crura  Cerebri  (§  490),  their  real  ganglionic 
centres  arc  the  Tbalami  Optici. 

4S6,  That  such  is  the  real  arrangement,  is  very  strongly  indicated  by  the 
analogous  conformation  of  the  gangliated  cord  of  Articulated  animals ;  for  it 
iiMy  be  stated  with  tolerable  certainty,  that  some  of  the  root-fibres  of  their  nerves 
pass  along  the  pnroly-fibrous  tract  of  that  cord  (which  is  far  more  readily  sepa- 
rated from  the  vesicular,  than  it  can  be  in  Vertcbrata),  directly  to  the  cephalic 
ganglia,  which  they  thus  bring  into  direct  oommanication  with  all  the  nerve- 
trunks  oonneoted  with  the  gangltated  cord;  but  that  others,  also  becoming  Ion- 
gitodiaal,  and  running  along  those  portions  of  the  cord  which  intervene-between 
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an<l  connect  the  ganglia  of  the  different  segments,  pass  into  the  nenre-tranks  ihu 
emerge  from  ganglia  at  a  distance  of  one,  two,  three,  or  more  segmentu  above  ot 
below  :  whilst  a  large  proportion  of  the  root-fibres  have  their  }rangliotiic  centrrt 
in  the  ganglia  which  they  respectively  enter;  and,  after  coming  into  relation  with 
its  vesicular  subatanco,  piiss-out  again,  either  oa  the  same  or  on  the  opposite  side 
of  the  median  plane.'  Now  tbe  purely-fibrous  tract  of  the  ventral  cord  of  the 
Articulata  terminates  in  the  Cephalic  ganglia,  which  are  bomolugous,  as  already 
remarked  (§  458,  iv.}i  not  with  the  whole  Encepbalon  of  Vertebrata,  but  with 
their  'sensory  ganglia'  atone;  and  thus  analogy  would  lead  us  to  suppose,  that 
the  fibrous  strands  of  the  Spinal  Cord  do  not  pass-on  continuously  to  the  CVre- 
brum,  but  really  extend  no  further  upwards  than  the  Corpora  Striata,  Thalami 
Opiicij  and  the  other  gaugliouic  centres  in  connectiun  with  them,  which  lie  along 
the  floor  of  the  cranial  cavity.  This  view  will  be  hereafter  shown  (Sect.  3)  to 
be  in  harmony  with  anatomical  and  physiological  fucts,  whtcb  indicate  that  the 
Cerebrum  only  receives  its  impulses  to  action  through  the  medium  of  the  Sen- 
sory Ounglia,  and  that  it  reacts  upon  the  muscular  apparatus  only  through  the 
same  channel.  That  some  of  the  aOerent  fibres  of  the  spinal  nerves  should 
aaocud  continuously  upwards  to  tbe  ganglia  of  tactile  sense,  in  Man  and  other 
Vertebrata,  as  well  as  in  Articulated  animals,  would  seem  a  legitimate  deduction 
from  the  fact,  that,  such  conliuuity  obviously  exists  between  the  olfactive,  visual, 
and  auditory  nerves,  and  thfJr  respective  gangliotito  centres,  no  intermediate 
apparatus  of  vesicular  matter  being  interposed  in  their  course;  and,  as  we  hare 
Been  (§  483),  the  existence  of  such  a  continuity  in  regard  to  a  part  of  the  fibres 
of  the  posterior  roots  of  the  nerves,  is  made  extremely  probable  by  the  latest 
researches  of  Mr.  J.  L.  Clarke. — A  very  remarkable  confirmation,  too,  has  been 
recently  afforded  to  the  doctrine  of  the  constitution  of  the  Spinal  Cord  here 
advocated,  by  the  Pathological  researches  of  Dr.  Ludwig  Turck;^  who  has  showu 
that  certain  legions  of  the  Encepbalon  produce  a  degeneration  of  nerve-tissue  ia 
particular  tracks,  which  may  be  traced  continuously  down  the  Spinal  Cord, 
uiiually  in  the  uuterwr  column  of  the  side  affected,  and  in  the  laUral  column  of 
the  opposite  side;  whilst,  on  the  other  hand,  local  lesions  of  the  Spinal  Cord,  at 
from  caries  of  the  vertebrae,  or  from  the  pressure  of  tumours,  produce  a  like 
degeneration  in  certain  tracks  of  tbe  posterior  columns,  and  sometimes  also  of 
the  lateral  columns,  ascending  towards  the  Eacepfauloo.  Thus  it  appears  that 
the  j>osfetior  fasciculi  are  liable  to  this  secondary  degeneration  in  the  centripe(al 
direction  ouly,  and  the  anterior  in  the  cciitrifitifal  direction  only ;  the  degenera- 
tion taking  place,  iu  each  case,  in  the  direction  in  which  they  ordinarily  tr^nsoiit 
nerve-force.  The  mixed  endowments  of  the  lateral  columns  are  &bo  indicated 
by  these  phenomena. 

487.  We  are  not  required,  however,  by  the  adoption  of  this  view  of  the  eoo- 
fltitution  of  the  Spinal  Curd,  to  regard  its  Cephalic  fibres  as  of  a  differmt  ordrr 
from  those  which  pass  from  one  of  its  own  segments  to  another ;  for,  considering 
the  whole  of  the  Canio-Spiual  axis  as  one  aeries  of  centres,  receiving  the  termi- 
nations of  alt  the  nerves,  its  longitudinal  fibres  are  equally  commissural,  whether 
they  establish  the  connection  between  the  nerve-roots  and  vesicular  matter  of  two 
adjacent  segments,  or  whether  they  bring  into  the  same  structural  relation  the 
parts  which  are  furthest  removed  in  position.  And  thus  we  may  regard  all  im- 
pressions upon  tbe  afferent  nerves  as  first  operating  upon  it  (affecting  tbe  con- 

'  See  ••  Priiia.  of  Comp.  Phys,"  \  648,  Am.  Ed.  — The  important  fftots  here  rcferred-to, 
have  been  chiefly  Bubstontiated  by  the  researdie*  of  Mr,  Newport ;  a  very  important  Addi- 
tion to  his  statementi,  however,  li&a  been  recently  tmade  by  M.  Giinthcr,  who  has  demon- 
Btrated  the  nctunl  continuity  between  tbe  oerve-fibrea  and  tbe  caadnte  Tei>icles,  in  th* 
ganglift  of  tbe  ventral  cord  of  the  Leeub. 

*  ijce  hia  Memoir  ■  Uber  secondiire  Erkrankung  einxelner  Biickensmarksitraage  and 
erher  Fortsetzungen  zum  Oehirae,*  in  "  Denschriften  der  Kaiserlichea  Academic  der  Wia- 
senchaften,'*  Wiea,  I&&1;  aIbo  *' Zeitschrift  der  GeselL  der  AerUe  xu  Wien,"  biuid  ix., 
heft  10. 
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sciou«ne«3,  or  not,  according:  as  they  rcacb  the  sensory  ganglia,  or  are  arrested  in 
their  progress  thither);  and  all  motor  impulses,  whether  purely -reflex,  or  origi- 
nating ill  volitional  direction  or  emotional  excitement,  as  issuing  immediately 
from  it  throu«;h  the  motor  trunks. — If  such  be  the  case,  it  does  not  eecm  at  all 
improbable  that  there  should  be  a  difference  in  different  tribes  of  animals,  as  to 
the  proportion  of  tibres  which  have  their  centrea  in  the  Spinal  cord  and  in  the 
Sensorial  centres  respectively;  for  in  those  whose  ordinary  roovements  of  pro- 
gression, &c.,  are  independent  of  eensation,  beinp  performed  through  the  reflex 
action  of  the  spinal  cord,  it  might  be  expected  that  the  chief  connexion  of  the 
spinal  nerve  should  be  with  its  own  ganglionic  fiubstanee,  and  that  the  bulk  of 
the  fibrous  columns  should  be  composed  of  commissural  fibres  reseroblinj:  those 
which  intervene  between  the  separate  portions  of  the  ganglionic  tract  of  the  ven- 
tral cord  of  Articulata;  whilst  in  like  manner  it  might  be  anticipated  that  in 
Man,  so  large  a  part  of  whose  movenients  are  performed  in  obedience  to  a  mental 
stimulus  and  under  the  guidance  of  sensation,  the  longitudinal  strand»  should  be 
chiefly  composed  of  fibres  that  directly  connect  the  sensorial  centres  with  the  roots 
of  the  spinal  nerves.  Such  a  difference  would  appear,  from  the  coiapanitive 
researches  of  MM.  Yolkmann  and  Kulliker^  to  exist,  between  the  structure  of  the 
Spinal  cord  of  the  Horse  and  that  of  Man. 

488.  The  Mi-duUa  Obhagata^  or  cranial  prolongation  of  the  Spinal  cord, 
which  bring  it  into  connexion  with  the  Encephalic  centres,  is  dietinguished  by 
I  he  peculiar  arrangement  of  its  fibrous  strands  and  of  its  nuclei  of  grey  matter; 
and  also  by  the  peculiar  distribution  and  endowments  of  the  nerves  connected 
with  ic  (§  510).  The  anatomical  boundaries  usually  assigned  to  it,  are  the  Pons 
Varolii  above,  and  the  Occipital  foramen  below;  but  these  limits  are  purely  arti- 
6cinl ;  and  for  physiological  purposes,  the  course  of  its  fibres  must  be  traced 
oauch  higher.  The  part  thus  marked-out  has  a  bulb-like  form,  and  presents,  like 
the  Cord  of  which  it  is  the  continuation,  a  posterior  and  an  anterior  median  Bs- 
aore,  (Figs.  129,  130).     The  former  is  deep  and  aarrow,  extending  to  ibo  pobte- 


[Fio.  129. 


Anterior  view  of  the  racdnll* 
oblongata;  p.  p.  PjramidAt  bo- 
dJm,  d«ca«Rating  at  d,  o,  o.  Oti- 
fiuy  bodies,  r,  r.  Rettiform  bo- 
diM.  a,  a.  ArciToro)  fibrei.  r. 
Lower  fibre*  of  tb«  Foni  ViurolU.] 


Posterior  view  of  the  medulla  obloogat*;  pp.  Potterlur 
pyrattiidR,  teparated  bjr  the  {jotterior  fissure,  rr.  Herti- 
form  bodie*,  oouipoged  of  ce,  posterior  columne,  &tid  rfrf, 
lateral  part  of  IheADtero-IntcrBl  coIuidd!  of  the  cord.  oa. 
Olivarj  ctiliimap,  aa  seen  oo  the  floor  of  the  fourth  ven- 
tricle, fcpnratcd  hj  t,  llie  t]}f>diun  fissure,  and  oroHed  b^ 
tome  fibru  of  ori^  of  nn,  liie  eereoth  pair  of  nerve*.] 
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rior  border  of  a  layer  of  oommiBsural  fibres  whicb  forms  the  floor  of  the  anterior 
Hs8ure.  The  latter  is  wider  and  less  deep;  and  its  continuity  with  the  anterior 
tissure  of  the  spinal  cord  is  interrupted  by  the  decussation  of  the  Anterior  Pyra- 
mids, which  is  marked  externally  by  the  crossings  of  from  three  to  five  bnodlM 
of  fibres  from  each  side  over  to  the  other.  This  decussation  may  be  considered 
as  the  physiolojrical  boundary  between  the  Medulla  Oblongata  and  the  Spinal 
Cord.  The  surface  of  each  lateral  half  is  furrowed  by  grooves,  which  aasifit  in 
marking-out  the  four  principal  strands  of  nerve-fibres  that  may  be  distinguished 
on  either  side:  these  are, — I.  The  Anterior  Pyramids,  Corjtora  Ptframidalia ; 
M.  The  Olivary  Bodies,  or  Corpora  Olivaria ;  ill.  The  Restiform  Bodies,  or 
(hrpora  Reftti/ormia  ;  otherwise  called  Processus  a  CereUlfo  <id  MedxiUam  Ob/on- 
yatanij  IV.  The  Posterior  Pyramids,  or  Corpora  Piframulnlia  Posterinra. — 
The  connections  of  these  with  the  Brain  above,  and  with  the  Spinal  Cord  below, 
will  be  presently  traced.'  The  vesicular  substance,  on  the  other  hand,  is  prio- 
cipally  aggregated  in  three  pairs  of  ganglionic  centres;  of  which  the  anterior 
forms  the  nucleus  of  the  Olivary  body,  the  lateral  of  the  Restiform,  and  thepo*- 
tirlor  of  the  Posterior  Pyramidal. 

489.  The  Anterior  Pyramids  (i)  oonaist  entirely  of  fibrous  structure,  and 

establish  a  communication  between 
^"'-  "^-  the  '  motor  tract '  (Fig.  131,  m  f) 

of  the  Crura  Cerebri,  and  the  ante- 
rior and  antero-lateral  columns  of 
the  Spinal  Cord.  The  principal 
part  of  their  fibres  decussate ;  aod 
these,  as  they  pass  from  above 
downwards,  dip-away  from  the  ao- 
tcrior  surface  of  the  Cord,  and  con- 
nect themselves  with  its  mkldk  or 
lahrai  coiumna,  instead  of  with  its 
anterior,  as  was  pointed-out  by  Ro- 
senthal,' and  more  fully  described 
by  Dr.  J.  Reid.*  A  small  part  of 
the  fibres  of  the  pyramidal  culumss, 
however,  do  not  dccusaate,  but  pro- 
ceed downwards  on  the  same  side, 
into  the  correspondiuc  anterior 
hif.'eetion  of  ^fie  Mtdulln  Ohhmgata,  to  ihow  the  columns  of  the  Spinal^Cord— 11 
u<>u(K'ciluiigufit«Rev«rfilstraDd«: — jl,  corpaa  airiatum  ; 
n.  ilKiJitiQu*  upticua ;  c,  D,  corpora  quadrigeoiina;  S, 
<  'iiitmi^Kurc  conDccting  tbem  wilh  tho  cerebellum  ;  r, 

corpora  restiforuiiu ;  p,  p,  pons  varolii ;««,  »f,  «cn»ory  nucleus  (Fig.  131,  Off)  pU  either 
irftct;  mt,  mt,  motor  Iract;  91.  olirary  tract;  p,  pjra-  gj^^^  fhe  upward  continuation  of 
nii.lal  tract;  ng,  olirary  ganglion;  op,  oplio  nerve;  ^^^  former  divides,  while  paNnDB 
3  «'.  root  of  the  third  pair  (motor}:  5  «,  jenBory  root  ,.  ,    ..      ,y         -.7       ...    .' ^        '' 

of  the  fifth  pair.  t«"  ^        "  through  the  Pons  Varolii,  mto  two 

bands,  one  of  which  proceeds  up- 
wards'and  forwards  as  a  part  of  the  'motor  tract'  (m  ()  of  the  CrtLs  Cerebri, 
'  Great  diversitiea  will  be  found  in  the  accounts  pven  of  those  coDtiectioDB  by  differeot 
nuthorB;  tome  of  winch  ara  attributable  to  a  variation  in  the  nse  of  tenns,  which  must  aot 
pn<o  nnnoticoil.  By  the  majority  of  Anatomiats,  the  name  of  Corpora  Restiformia  is  given 
to  the  Cerebellar  Vi)[\imas:  and  this  desigrnatiou,  therefore,  it  seems  advisable  to  retain. 
Some,  however,  nnil  amoti^sl  them  Dr.  J.  Reid,  ia  bis  very  excellent  description  of  the 
Atifitomy  of  tho  Medulla  Oblongata  ("Edinb.  Med.  acd  Surg.  Journal,"  Jan.  1841).  give 
ih  it  nttme  to  tho  colunins  that  jiaas-up  from  the  posterier  division  of  the  spiual  cord  into 
the  cms  cerebri — which  are  here  called  (after  Sir  C.  Bell)  the  posterior  pyramids ;  aod 
npply  the  term  Posterior  Pyramids  to  the  Cerebellar  column,  Tho  truth  is  tl»at,  aa  Sir 
C  Bell  has  justly  observed,  all  the  tracts  of  fibraus  matter  connecting  the  Drain  with  the 
Spiaal  Cord,  have  a  Boinewhat  pi/mmidal  form ;  and  it  might  be  added  that  all  have  some- 
lliing  of  ft  retti/orm  or  conl-Iikc  aspect. 

*  "  Etn  Bflilrag  itir  Eneephalatomie,"  Weimar,  1815. 

*  "Edinb.  Med.  and  Surg.  Journ.,"  Jan.  1S4I ;  and  ■  Physiol.,  FathoL  and  Anal.  R«- 
iearchea.  ohaf.  vn. 


The  Olivary  bodies  are  composed 
of  fibrous  strands,  enclosing  a  prey 


I 
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whilst  the  other  (o)  proceeds  upwanils  and  backwards  to  reach  the  Corpora  Qund- 
ri^eiaina  (C,  D).  The  olivary  columns  nrc  continuous  inforiorly  with  the  anterior 
coliiniDS  of  the  Spinal  Cord;  and  afford  attachmentfi  to  the  anterior  roots  of  the 
let  and  2nd  cecvical  nerves.  The  vesicular  nucleus,  which  is  known  as  the 
corpua  dmtatum,  seems  to  be  especially  connected  with  the  oritrins  of  the  nerves 
conceruetl  in  the  regulation  of  the  movements  of  the  tongue;  thus  we  find  that 
anteriorly  a  portion  of  the  roots  of  the  Hypoglossal,  which  is  the  motor  nerve 
of  the  tongue,  issue  from  it;  whilst  posteriorly  a  portion  of  the  roots  of  the 
Glowo-pharynfroa],  which  is  one  of  the  pcnsory  nerves  of  that  organ,  seem  to  ter- 
minate in  it. — III.  The  Resti/orm  bodies,  in  like  manner,  each  consist  of  tibmus 
fitrands  (f)  enclosing  a  grey  nucleus.  The  fibrous  stninds  pass  upwards  into  the 
Crura  CerebeUi ;  whilst  below  they  are  chietily  continuous  with  the  postrriof- 
columns  of  the  Spinal  Cord,  having  also  sonio  connection  with  the  postorioi 
part  of  the   middle   oolumDS.     These  Cerebellar  columns  also  couiiuunioate, 

[Fia.  133. 


Tr*ji»Tcr»»  fecdon  of  the  modttllo  oblongnta  through  the  lower  third  of  th«  olkat/  «odi«i, 
(from  Stilling.)     Ma^ificd  4  diamotcri. 

a.  Anterior  flfsure.  6.  FisEure  of  the  cnlitniaa  loriptoriai.  e.  Rnph6.  d,  ADt«rior  oolnmnt 
*.  Lat«ntl  eolumnc.  /.  Posterior  columiu.  9.  NncleoB  of  tbo  hjpoglofsal  nerve,  containing 
Wrge  Tciiclei.  h.  Nuclca«  of  the  TAgiis  nerre,  t,  t.  0«Utinou»  <abftAnc«.  Je,  k.  Boot*  of  tbo 
rngat  oerve.  {.  Roots  of  the  bypoglocBal,  or  ninth  nerve,  tit.  A  thick  baadle  of  whllo  longitu- 
iinaJ  fibres  connected  with  (bo  root  of  tbo  ruguf.  n.  Soft  coIumD  (Zartttrang,  Htillln^),  o, 
MTcdgfr-like  column  (Keeltirang,  StiUiDg).  p.  TraDBverso  and  arciform  fibres,  q.  Nucleus  of 
ibe  ollTarj  bodies,  r.  The  large  nncleus  of  tbo  pyramid.  1,  t,  «.  Tbo  scnall  nuclei  of  the  pjra- 
tntd.  «.  A  mas*  of  grey  substanee  near  the  naoleaa  of  the  olives  (O/trm-A^c&rniwm).  u,q,r,mre 
tntTened  bj  numerous  fibres  paasing  in  a  traasverso  semicircular  direotion.  v,  u>.  Arciform 
lbr«t.    er.  Orejr  fibres.] 

however^  witli  the  anterior  columns  of  the  Spinal  Cord  by  a  band  of  '  arciform' 
tbres,  wboae  coDoectiona  were  first  distinctly  described  bj  Mr.  Solly/  of  tbesu 

"  Philosophical  TraosactionB,"  1836. 


PDNCTI0N8   OF   THE  CEBEBRO-SPINAL   NERVOUS    SYSTEM. 


tbpre  is  a  superficial  set  which  Qoites  itself  with  the  pyranudal  columns,  and  i 
deep  »et  whii-h  comes  into  relation  with  the  olivary.  Their  grey  qacleus,  or 
•  restiform  ganglion,'  appears  to  be  the  ganglionic  centre  of  the  Pneumogastric 
nerves,  and  of  a  portion  of  the  roots  of  the  Glossopharyngeal^^lV.  The  Foitf' 
rior  PiframidK  are  scarcely  distinguishable  externally  from  the  Restiform  bodies, 
of  which  they  were  formerly  described  as  a  constituent  part;  they  form,  however, 
the  itunieiliate  boundaries  of  the  posterior  median  fissure;  and  whilst  superficially 
markcd'OlF  from  the  Restiform  bodies  by  a  slight  groove,  are  more  completely 
separated  from  them  by  their  anatomicfil  relations  to  the  parts  above  and  below. 
Their  fibres  establish  a  connection  between  tbo  sensory  tract  (s/,  st)  of  the  Crura 
Cerebri,  and  the  posterior  part  of  the  lateral  columns  of  the  Spinal  Cord,  8onj« 
of  them  passing  &\m  into  i\&  posterior  columns.  These  fibrous  tracts  are  stated  by 
Mr.  Solly'  atid  Dr.  Radclyffe  Hall^  to  decussate,  partially  at  least,  whilst  pasnng 
through  the  Pons  Varolii*  The  groy  nuclei  of  the  Posterior  Pyramids,  situated 
Immediatety  beneath  the  'fourth  ventricle'  (which  is  nothing  else  than  the  spaoe 
left  by  tbo  divergence  of  the  Restiform  and  Posterior'Pyramidal  tracts)  are  the 
ganglionic  centres  of  the  Auditory  nerves,  or  the  proper  Auditory  ganglia ;  aod 
it  is  interesting  to  observe,  that  their  seat  precisely  corresponds  with  that  of  the 
nidiuientaJ  organ  of  hearing  ia  many  Invertebrata.  (See  Prino.  or  CoMP. 
Phys.,  Am.  Ed.  §  711). 

400.  The  Medulla  Oblongata  is  usually  considered  as  terminating  at  the  lower 
border  of  the  Pons  Varolii;  .but  it  will  be  convenient  here  to  trace  upwards  the 
Strands  by  which  it  is  connected  with  the  higher  Encephalic  centres,  us  a  clearer 
Idea  of  its  anatomical  and  physiological  relations  will  thus  be  obtained. — The 
Pons  is  chiefly  composed  of  transverse  fibres,  which  constitute  the  great  com- 
missure of  the  Cerebellum  ',  and  these  fibres  not  only  surround  the  longitudinal 
bands  which  connect  the  Cerebral  mass  with  the  Spinal  Cord,  but  pat*  throuijh 
them ;  so  ds  in  some  degree  to  isolate  the  two  lateral  halves  from  one  another, 
and  to  form  a  complete  septum  between  the  anterior  and  pi«terior  portions  of 
each.  These  anterior  and  posterior  tracts  of  the  Crura  Cerebri  are  respectively 
subservient  to  the  motor  and  the  ienmri/  functions ;  as  is  clearly  indicated  by  the 
endowments  of  the  nerves  which  are  connected  with  each  respectively.* — The 
Motor  tract  (Fig.  133)  is  brought  into  view,  by  simply  raising  the  superficial 
layer  of  the  Pons,  and  following  upwards  and  downwards  the  longitudinal  fibres 
which  then  present  themselves-  These  fibres  may  be  traced  vpwardt  into  the 
Corpora  Striata,  and  downwards  into  the  Anterior  Pyramids  and  a  portion  of  the 
Olivary  columns ;  bo  that  they  connect  the  Corpora  Striata  with  the  anterior^ 
and  with  the  anterior  portion  of  the  lateral^  columns  of  the  Spinal  Cord.  With 
this  tract  we  find  connected — passing  from  below  upwards — the  roots  of  the 
Spinal  Accessory,  the  Hypoglossal,  the  Facial  or  Portio  Dura  of  the  7th,  the  6tb 
or  Abdueens  oculi,  the  smaller  root  of  the  5th  (which  can  be  traced  to  the  part 
of  the  Olivary  column  that  passes  upwards  to  the  Corpora  QuadrigeDiina),  the  4tb 
or  Trochlearis  (which  is  attached  to  the  same  part  of  the  tract),  and  the  8rd  or 
Oculo-raotor  nerve;  all  of  which  are  purely  motor  in  their  endowments. — The 
Kfitory  tract  (Fig.  134)  is  displayed,  by  opening  the  Medulla  Oblongata  on  it«^_ 
posterior  aspect;  and  then  separating  and  turning  aside  the  Restiform  columni^j^B 
80  as  to  bring  into  view  the  posterior  pyramids.  Its  fibres  may  be  traced  upwardt^^ 
into  the  Thaiami  Optici ;  whilst  they  pass  through  the  Posterior  Pyramids,  into 
the  posterior  portion  of  the  lateral  columns,  and  also  into  the  posterior  columna 

'  "  The  Human  Brain,"  And  edit,  p.  24S. 

•  "  Edinb.  Med.  and  Surg.  Joum,"  Julj;  1847,  Pinto  vn. 

*  A  decussation  of  the  Posterior  Pyramids  was  described  hy  SirC.  Bell  as  oocuring  at 
Ihe  game  lerel  with  the  decUBsation  of  the  Anterior  Pyramids  (Fig,  134,  e) ;  there  c«n  be 
MO  doubt,  howerer,  that  thii  ia  an  error,  which  probably  originated  in  bis  having  mifin- 
terpreted  the  appearance  presented  by  (h«  posterior  aspect  of  the  anterior  decusaalion. 

Ihis  was  first  clearly  showD  by  Sir  C.  Bell  m  the  "  Fhllos.  Transact.,"  1835. 


n 
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Course  of  the  ifmor  tract,  secording  to  Sir  C.  Bell. — A,  A,  fibrei  of  the  Hemi sphere,  con- 
Terging  to  form  the  anterior  portion  of  the  cni»  cerebri;  B,  the  came  tract,  where  passing 
the  crn»  cerebri ;  o,  the  right  Pyramwlii!  body,  a  little  above  the  point  of  deeuasation  ;  d,  the 
remainiDg  pnrt  of  the  Pont  Varolii,  t,  portion  b*Ting  been  diaaectedl-off  to  expoM  b.— 1, 
olfactory  nerre,  in  outline  ;  2,  union  of  optic  nerves ;  3,  S,  motor  ocnli  ;  4,  4,  psthoticas ; 
A,  5,  trigeminal ;  fl,  6,  ita  maBcalar  diriiion  ;  7,  7,  Ita  eonsorj  root ;  8,  origin  of  Bonaory 
root  from  the  posterior  part  of  the  medulla  ablong»ta;  9,  abdacens  ocnli;  !{>,  auditory 
nerre ;  11,  facial  nerve;  12,  eighth  pair;  13,  hjpogloiMal ;  14,  spinal  nerves;  15,  ipinftl 
ftccessory  of  right  side,  separated  from  par  Tagum  and  gloaso- pharyngeal. 

root  of  the  5tlix  pair. — The  preater  parft  of  the  Motor  tract  decussates,  where  the 
Anterior  Pyramids  become  coDtinuoua  with  the  lateral  columns  of  the  Spinal 
Cord;  on  the  other  hand,  the  greater  part  of  the  Sensory  tract  decussates  in  its 
passage  through  the  Pons  Varolii  (Fig.  135). — The  tabular  view  (p-  461)  mny 
assist  in  conveying  a  knowledge  of  this  Bomewhat  intricate  piece  of  Aoatomy ; 
which,  when  once  mastered,  wiU  be  found  to  be  really  simpler  thati  it  appears. 
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Spikai  Cono.                                 MKnri.LA  Oblongata.  Brais. 

Atiierior  or  Motor  Divirion, 

[ArcifoTin  fibres  of  Olivary  and  Anterior  Pjramidhl  cotamns.  Cerebellum. 

Posterior  portion  of  Ulivnry  nolumna. Corpora  Quad- 

Anterior  portiuD  of  Olivary  columns....,,..,.,....... 1  rijfemina, 
Non-decassating  portion  of  Anterior  PjratnidHl  ooliimna      I 

^La'^Z  g-^Iii;^°^}  I>«cu«.»tii.g  portion  of  Anterior  PyramidalcoliimnaJ    ^"'P^"  ^'"'"* 

Po»l  trior  or  Sen  ton/  Division, 
^L^t^7lCol^m^°^  }  Decussating  portion  (?)  of  Posterior  Pyramidal  columna,  1    '^J^'' 
_    ,    .      -,            /  Non-decaasntinp  portion  (?)of  Posterior  Pyramidal  columns  j 
Fo»tertor  Columtu   j  R^g^fortn  columns .....Certhelluvu 

491.  Nerves  of  the  Spt'nal  Axh, — With  the  Spinal  Cord  (in  its  litnited  eense) 
there  are  connected  thirty-one  pairs  of  nerves;  each  of  which  corresponds  to  a 
vertehral  segment  of  the  body,  and  has  two  seta  of  roots,  an  anterior  and  a  pop- 
terior,  differing  in  their  fanctiooal  endowments,  ns  already  described  (§  472). 
The  anterior  roots  are  usually  the  Bmuller;  and  this  is  particularly  the  chbc  with 
those  of  the  cervical  nervps,  in  which  the  posterior  roots  are  of  remarkable  com- 
parative size.  In  the  first  Cervical  or  '  sub-occIpital  *  pair,  the  anterior  roots 
are  sometiraes  wanting;  but  there  is  then  a  derivation  of  fibres  from  the  8pinnl 
Accessory  or  from  the  Hypoplossal,  or  from  both.  The  two  roota  of  the  ordinary 
Spinal  nerves  unite  immediately  beyond  the  ganglion,  which  is  situated  on  tbo 
posterior  one;  and  the  trunk  thus  formed  separates  immediately  into  two 
divisions, — the  anterior  and  posterior, — each  of  which  contains  both  afferent  and 
motor  fibres.  These  divisious,  of  which  the  anterior  is  by  far  the  larger,  proceed 
to  the  anterior  and  posterior  parts  of  the  body  respectively  ;  and  are  chiefly  dis- 
tributed to  the  akin  and  the  muscles.  The  anterior  branch  is  that  which  com- 
municates with  the  SympatlK'tic  nerve. — In  addition  to  these,  however,  the 
cranial  prolongation  of  the  Spiofil  Axis  is  thecentre  of  all  the  cephalic  nerves, 
aave  those  of  special^  sensation,  which  terminate  in  their  rei>pective  ganglia ;  and 
B8  these  cephalic  nerves  ore  for  the  most  part  distinguished  by  the  peculiarity 
of  their  endowmentg,  they  require  to  be  separately  noticed 

492.  The  pair  of  nerves  commonly  designated  as  the  Fifth  of  the  Cephalic 
■eries,  or  as  the  Trifffviinug,  is  the  one  which  more  neiirly  resembles  the  ordi- 
nary Spinal  nerves,  than  does  any  other  of  those  originating  within  the  cranium. 
It  possesses  two  distinct  sets  of  roots,  of  which  one  is  much  Jai^cr  than  the  other; 
on  the  larger  root,  as  on  the  posterior  and  larger  root  of  the  Spinal  nerves^  is  a 
distinct  ganglion,  known  as  the  'Gasserian';  and  the  fibres  arising  from  the 
smaller  root  do  not  blend  with  those  of  the  larger,  until  the  latter  have  passed 
through  this  ganglion.  The  trunk  of  the  nerve  separates  into  three  divisions, — 
the  Ophthalmic,  the  Superior  Maxillary,  and  the  Inferior  Maxillary;  and  it  can 
be  easily  shown,  by  careful  dissection,  that  the  fibres  of  the  smaller  root  pass  into 
the  last  of  these  divisions  alone.  When  the  distribution  of  this  nerve  is  carefully 
examined,  it  is  found  that  the  Jirsi  and  itecond  divisions  of  it  proceed  almost  entirely 
to  the  Skin  and  Mucous  surfaces,  only  a  very  small  proportion  of  their  fibres  being 
lost  in  the  muscles  ;  whilst  of  the  branches  of  the  third  division,  a  large  number 
■re  distinctly  Muscular.  Uence  analogy,  and  the  facts  supplied  by  anatomical 
research,  would  lead  to  the  conclusion,  that  the  first  two  divisions  are  nerves  of 
aensataon  only,  and  that  the  third  division  combines  sensory  and  motor  endow 
meats.  Such  an  inference  is  fully  borae-out  by  experiment.  "VNTien  the  whole 
trunk  is  divided  within  the  cranium  by  the  penetnvtion  of  a  sharp  instrutneni 
(which  Magcndie,  by  frequent  practice,  has  been  able  to  accomplish),  evident 
signs  of  acute  pain  are  given.  After  the  incision  has  been  made  through  the 
skin,  the  animal  remains  quiet  until  the  nerve  is  touched  ;  and  when  it  is  pressed 
or  divided,  doleful  cries  are  uttered,  which  continue  for  some  time,  showing  the 
painful  cfi^ect  of  the  irritated  state  of  the  cat  extremity.     The  common  sensibility 
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of  all  the  parts  supplied  by  this  nerve  is  entirely  destroyed  on  the  affected  side. 
The  jaw  does  not  hang  loosely,  because  it  ia  partly  kept-up  by  the  muscles  of  the 
other  side;  bat  it  falls  ia  a  e;ltght  degree;  and  its  moTenipnts  are  seen,  vhen 
carefully  observed,  to  be  sotnecrbat  oblique.  If  the  trunk  ho  divided  on  each  side, 
the  whole  head  is  deprived  of  sensibility;  and  the  animal  carries  it  in  a  carioiu 
vacillating  manner,  as  if  it  were  a  foreign  body, — If  the  anterior  or  Ophthalmic 
branch  only  bo  divided,  all  the  parts  supplied  by  it  are  found  to  have  lost  their 
sensibility,  but  their  motions  are  unimpaired ;  and  all  experiments  and  patho- 
logicu!  observations  concur  in  attributiag  to  it  sousory  endowments  only.  The 
only  apparent  exception  is  in  the  case  of  the  naso-ciliary  branch,  since  there  is 
good  reason  to  believe  that  the  long  root  of  the  ciliary  gangliou  and  the  long 
oiliary  nerves  possess  motor  powers ;  but  these  appear  to  be  derived  from  the 
Sympathetic  or  from  the  3rd  pair.  When  the  whole  nerve,  or  its  anterior 
branch,  is  divided  in  the  rabbit,  the  pupil  is  exceedingly  contracted,  and  remains 
immovable;  but  in  dogs  and  pigeons  it  is  dilated.  The  pupil  of  the  other  eje 
is  scarcely  affected;  or,  if  its  dimensions  be  changed,  it  soon  returns  to  its  natonl 
state.  The  eyeball,  however,  speedily  becomes  inflamed;  and  the  inflammation 
xisoally  runs-on  to  fiuppuration  and  complete  disorganization.  The  commence- 
ment of  these  changes  may  be  commonly  noticed  wiihin  twenty-four  hours  after 
the  operation ;  and  they  appear  to  be  due  to  the  want  of  the  protective  secretion, 
which  is  necessary  to  keep  the  mucous  surface  of  the  eye  in  its  healthy  cooditioo, 
and  which  is  not  formed  when  the  sensibility  of  that  surface  is  destroyed. — The 
Superior  Miixtilartf  branch,  considered  in  itself,  it*  equally  destitute  of  motor 
endowments  with  the  ophthalmic;  but  its  connection  with  other  nerves,  through 
the  Bpheno-palatioe  ganglion  and  its  anastomosing  twigs,  may  introduce  a  few 
motor  fibres  into  it. — The  Inferior  Maxillari/  branch  ia  the  only  one  which 
poaaes&es  motor  as  welt  as  sensory  endowments  from  its  origin ;  but  its  diflierent 
subdivisions  possess  the^c  endowments  in  varjing  proportions,  some  being  almost 
exclusively  motor,  and  others  as  completely  of  a  sensory  character.  The  latter 
is  probably  the  nature  of  the  Lingual  branch;  and  there  seems  good  reason  to 
believe,  as  will  hereafter  be  shown  (§  495),  that  this  ministers  not  only  to  the 
tactile  sensibility  of  the  tongue,  but  to  the  sense  of  Taste.  The  muscles  put  in 
action  by  this  division,  are  solely  those  concerned  in  the  masticatory  movements. — 
The  5th  pair  ia  connected,  in  diferent  parts  of  its  course,  with  a  number  of  small 
ganglia  belonging  to  the  Sympathetic  system.  One  of  the  most  interesting  of 
these  ganglia  ia  the  Ophthalmic  or  CiUartf  (Fig.  136"),  which  is  the  centre 
whence  the  eyeball  derives  its  supply  of  nerves,  sensory,  motor,  and  sympathetic 
This  ganglioa  derives  its  sensory  libres  by  its  '  long  root'  from  the  nasal  branch 
of  the  Ophthalmic  division  of  the  5th  pair ;  its  motor  fibres,  by  tho  '  short  root' 
from  the  3rd  pair;  whilst  by  another  small  root,  it  is  connected  with  the  cavcru- 
oua  plexus  of  the  Sympathetic  system; — thus  presenting  a  sort  of  miniature 
representation  of  the  entire  seriea  of  Sympathetic  ganglia,  and  of  their  con- 
nections with  the  Cerebro-spinal  system.' 

<  The  fanctTODB  of  this  ganglion  have  be<^n  made  the  subject  of  particular  investigatioB 
by  Dr.  C.  Radcljffe  Hall  ("Edinb.  Med.  and  Surg.  Journal,'^  1846-48),  whose  most 
important  results  are  aa  follows  :^ — 

1.  The  size  of  the  ciliary  giinglion  is  always  in  direct  proportion  to  the  activity  of  the 
iris,  which  ia  tarn  always  bears  a  direct  rdaCioa  to  the  strength  and  acutenesa  of  vision, 
an>l  to  the  nocturnal  habits  of  the  animal,  and  implies  a  proporttonate  doTelopment  of  the 
internHil  vsuicular  apparatus  of  the  eye. 

2.  The  ganglion  is  always  more  ititiraately  connected  with  the  8rd  pair,  than  with  any 
other;  the  sise  of  the  short  root  being  always  in  direct  relation  to  that  of  tho  ganglion, 
and  the  ganglioa  being  sometimes  a  mere  swetHng  on  the  trunk  of  the  nerve. 

3.  The  fibres  derived  from  the  &lh  pair  do  not  terminate  in  the  ganglion,  but  pass  onwards 
through  it  to  the  ciliary  plexus. 

A.  In  the  Rabbit,  the  iriit  receives  fibres  from  the  €th  pair  which  do  not  pass  through 
tbn  ganglion ;  and  it  is  through  thi«  that  the  contrac'ioi)  of  the  pupil  is  produced  in  that 
iiumiil  by  irritation  of  the  Hh  pnir,  which  will  not  produce  any  effect  upon  the  pupil  of 
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493.  The  Third,  Ff/urth,  and  Sixth  pairs,  topether  make-up  the  apparatus  of 
motor  ner?es,  by  which  the  musclea  of  the  Orbit  are  called  into  action.  The 
3rd  pair  supplies  the  greater  Duuibcr  of  the  muscles ;  the  4th  being  coDfincd  to 
the  Superior  Oblique,  and  the  6th  to  the  External  Aectus.     Of  these  Derves^  the 
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Tha  Xervtn  of  <A«  Orhli  seen  from  tlie  outer  fidfc  ; — 1.  Sectian  of  (he  frontnl  bone;  imme'- 
dinCety  behind  the  numerat  la  IbefroDtol  giDUg,  uBd,  id  front,  the  inlcgunient.  1.  Tbecnpcrior 
aaxillarj  bnne  ;  the  acction  in  front  of  the  namerni  exhibits  the  mojEillnry  einui.  3.  Part  of 
the  sphenoid  bond.  4.  Tbo  lerator  psipebrie  and  nuperior  recrtni  musclea.  5.  The  auperlor 
obUqoft  tnaacle.  6.  Th«  inferior  oblique  inujiclo.  7.  The  Ccular  half  of  the  external  rectus 
muacl*  drann  forward*.  8.  Tbe  orbital  half  of  the  external  rectus  mugcletnmed  dnwnwftrda. 
Oo  thta  tnntelo  the  sixth  nfrre  is  seen  diridingiiilobraochtis.  'i.  The  inferior  rectos  musole. 
10.  The  optic  ncrro.  U.  The  interoa]  caruttd  arter^r  emergini^  from  Ute  cavernous  sinus. 
12.  The  ophthalmia  urtery.  13.  The  third  nerre.  I4.  The  branch  of  the  third  nerve  to  the 
iaferior  oblique  tnotole.  Between  tlils  and  the  sixth  nerre  (S)  if  aeen  Che  branch  which  sup- 
plies th«  inferior  rectut;  its  brsnch  to  the  ophthalmic  ganglion  is  aeen  proceeding  from  the 
npper  side  of  the  trunk  of  the  norre,  at  the  bottom  of  the  orbit.  15.  The  fourth  nerve.  14. 
The  trunk  of  the  fifth  nerre.  17.  The  Qssserian  ganglion.  IS.  The  ophthalmic  nerre.  IV, 
The  superior  maxillary  nerre.  20.  The  inferior  maxlllflr;  nerre.  21.  The  frontal  nerre. 
22.  Its  dirision  into  brancbes  to  sOpplj  the  integument  of  the  forehead.  23.  The  lachrymal 
nerre.  24.  The  nasal  nerve  r  the  small  nerve  seen  in  the  bifurcation  of  the  nasal  and  frontal 
nerre,  is  one  of  the  branches  of  the  upper  division  of  the  tbird  nerve.  25.  The  nnaal  nerre 
passing  orcr  the  iDtcrnai  rectus  muscle  to  the  anterior  ethmoidal  fonunen.  28.  The  infra- 
troohlear  nerre.  37.  A  long  ciliary  branch  of  the  nasal  \  another  long  ciliary  branch  is  seen 
proceeding  from  the  lower  aspect  of  the  nerve.  28.  The  long  root  of  the  opbtbaltnic  gan- 
gUon,  proceeding  from  the  nasal  nerre,  end  receiving  the  sympathetic  root  which  joins  it  at 
an  acute  angle.  29.  The  ophthalmic  ganglion,  giving  off  from  its  fore-part  the  short  ciliary 
nerves.    30.  The  globe  of  the  eye. 

3rd  pair  is  the  only  one  which  exhibits  any  appearance  of  sensibility,  when  it* 
trunk  ia  irritated  \  but  tbia  sensibility  is  not  nearly  so  groat  as  that  of  the  5th 

the  Dog,  Cat,  or  Pigeon,  so  long  as  it  does  not  nfTeot  Ibe  braia  to  the  extent  of  producmg 
vertigo,  nor  affect  the  visual  sense  in  any  other  way. 

5.  Irritation  of  the  r>th  nerve  does  not  in  nny  animal  affect  the  action  of  the  iris,  aU(T 
the  division  of  the  cerebral  connections  of  all  the  other  ocular  nerres :  bo  that  its  influence 
over  the  morementB  of  the  iris  must  be  reflected  through  the  encephalic  centres,  not  through 
the  ophthalmic  ganglion. 

6.  The  function  of  ihe  ganglionic  centre  itself,  as  ft  part  of  the  Sympathetic  system, 
seems  to  be  to  bring  the  '  orgntiic  actions'  of  the  eyeball,  especially  its  supply  of  blood, 
into  harmony  with  its  functioanl  activity;  this  bartnony  being  produced  by  the  pas-sagc 
of  the  cerebro- spinal  nerres  through  the  ganglion,  which  excites  the  eynergetic  action  of  it* 
own  resiolea  and  nerve-fibrea. 
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pair;  and  as  there  is  no  reason  to  believe  that  it  is  really  po^^essed  hj  the  Si 
ia  virtue  of  its  direct  oontjcction  with  the  nervous  centres,  it  is  probably  ii 
parted  by  the  anastomosis  of  that  nerve  with  the  5th,  —  some  filaments  of  whi 
may  pass  backwards  as  well  as  forwards,  so  as  to  confer  sensibility  on  the  trat 
of  the  iird,  above  as  well  aa  beyond  their  poiut  of  entrance. — The  peculiar  mc 
in  which  those  motor  nerves  ordinarily  excite  the  muAclea  to  action,  nnder 
lidance  of  the  visutd  sense,  will  be  coasiJcred  in  the  next  Section  (§§  54 
16).  Although  commonly  ranked  as  cephalic  nerves,  they  have  no  direct 
nection  with  the  Cerebrum ;  their  real  origin  being  from  the  upper  part  of 
Spinal  Axis  (§  4{M).  The  roots  of  the  3rd  pair  may  be  traced  into  direct 
net'lion  with  the  Corpora  Quadrigemina  ;  a  fact  of  considerable  physiological  im- 
portance, as  will  hereafter  appear.  —  The  chief  aftions  of  a  purely-r«;;^ra'  nature 
to  wbich  this  group  of  nerves  ordinarily  ministers,  are  the  government  of  iha 
diameter  of  the  pupil,  which  is  accomplished  through  ihe  Third  pair ;  and  iha 
rolling  of  the  eyeball  beneath  the  upper  lid  during  sleep,  as  well  as  in  the  efforts 
of  eueeriug,  coughing,  &c.  But  irregular  movetiienta  of  the  eyeballa,  which 
must  be  referred  to  the  same  group,  are  continually  seen  to  aoconapany  rariooa 
abnormal  forms  of  convulsive  action, 

494.  The  PurU'o  Dura  of  the  Seventh  pair,  or  Facial  nerve,  has  been 
considered,  subsequently  to  the  researches  of  Sir  C.  Dell,  as  a  nerve  of  mot 

Fio.  13?. 


The  dlstrihntion  of  tbo  Facial  Ntrvt,  and  the  brtvucfaet  of  the  Cerrieal  plexns.  —  1.  Tbe 
faciiil  nerve,  pspaping  from  the  stjlo-mMtoM  foTatnen,  an<l  crojjing  the  ramua  of  the  lower 
jaw ;  the  paroty  glnnd  has  hoen  remored  in  orJer  to  show  the  nerve  more  distinctly.  2.  Tb« 
paiilerinr  aaricnlar  branch ;  th«  diga<trio  acd  BijIo-moKlu'id  fitamentt  are  seen  ii«ar  tbe 
origin  of  this  branch.  3.  Temporai  branoUei,  coinmuni^-ating  with  (<)  the  brancbef  of  lb* 
frontal  nerve.  6.  Facial  branebeB,  conjtnunicatinif  with  (6)  the  infr»-orbitiU  o«rT«.  7. 
Fnfial  branchefl.  communicating  with  (8)  the  mental  nerre.  9.  Cerrico-faeial  hrancfaet,  com- 
municating with  (10)  the  BupcrBcialis  colli  nerve,  and  forming  a  plexui  (11)  orer  the  »ub- 
nucillftry  gland.  The  dlBtribuiioQ  of  the  br&nchea  of  the  facial  in  a  radiated  direction  orer 
the  «ido  of  the  face,  conaUtutea  tho  pea  anaerinns.  12.  The  aiiricalarif  magnaa  nerre,  oneof^ 
the  flBcendinu  brMohea  of  the  cervicul  ploras,  13.  The  occipitalis  minor,  nsecnding  along 
the  posterior  border  of  the  etomo-ma-'stoid  mniele.  !♦.  The  aupcrBcial  and  deep  deacending 
branches  oT  the  cervical  plcxusu  15.  The  apinal  aeccMorj  nerve,  giving-off  a  branch  to  the 
estcmnl  acirface  of  the  irnpciiuai  muscle.  16.  Tbo  ocoipitnlia  rn^jnr  nerve,  iba  poatcrior 
Sranch  of  tbo  second  ccnrlcal  nerTe. 


GBPHALIC  NERVES.- 


!L0SSC^-PHAllYNOEAl:l  WERTE. 


465 


only;  fiut  some  physiologists  have  maintained,  that  it  both  possesses  sensory  ctj- 
dowmonts,  and  arises  by  a  double  root.  According  to  Valentin,  however,  who 
has  experimented  on  the  roots  exposed  within  the  cranium,  it  possesses  no  sen- 
sory endowments  at  its  origin  ;  since,  when  these  roots  were  touched,  the  animals 
gave  no  signs  of  pain,  though  violent  muscular  movements  were  excited  in  the 
noe.  Subsequently  to  its  first  entrance  into  the  canal  by  which  it  cmerpes,  how- 
ever, it  anastomoBes  with  other  nerves;  and  thus  termftri/  fibres  are  introduced 
into  it  from  many  different  sources  (anteriorly  from  the  5th  pair,  and  posteriorly 
from  tlie  cervical  nerves),  wliich  cause  irritation  of  several  of  its  branches  to 
produce  pain.  The  number  and  situation  of  the  anastomoses  vary  much  in  dif- 
ferent animals,  so  that  it  is  impossible  to  make  any  very  comprehensive  statement 
in  regard  to  tbera.  —  Experimental  researches  leave  no  doubt  that  the  Portio 
I>am  is  the  ffen^rnf  motor  nerve  of  the  face;  ministering  to  the  influence  of 
Volition  and  of  Emotion,  and  also  being  the  channel  of  the  reflex  mnvemcnfa 
concerned  in  respiration,  as  of  other  automatic  actions  of  the  muselesj  hut  not 
being  in  the  least  concerned  in  the  act  of  mastication. 

495.  Although  the  functions  of  the  Glosxo-Phnri/mjfoI  nerve  have  been  hereto- 
fore alluded-to  in  part,  several  quesilions  still  remain  to  be  disi*ussed  in  regnrd  to 
them.  Rea-scjjis  have  been  given  for  the  belief,  that  it  is  chiefly  an  afferent  nerve 
— scarcely  having  any  direct  power  of  exciting  muscular  contraction,  but  convey- 
ing impressiona  to  the  Medulla  Oblongata,  which  produce  rejier  movements  of 
the  motor  nerves  concerned  in  deglutition  (§  81).  This  view  of  its  function  was 
deduced  by  Dr.  J.  Keid  from  minute  anatomical  investigation,  and  from  a  large 
Bomber  of  experiments.  Some  experimenters  assert,  that  they  have  succeeded 
in  exciting  direct  muscular  actions  through  its  trunk  ;  but  these  actions  seem  to 
be  limited  to  the  Etylo-phan,'ngei  and  palato-glossi  museles. — Mach  controversy 
has  taken  place  on  the  question,  whether  this  nerve  is  to  be  regarded  as  minister- 
ing partly  or  exclueively,  to  the  sense  of  Taste  ',  and  many  high  authorities  have 
ranged  ihemBelves  on  each  side.  The  question  involves  that  of  the  function  of 
the  Lingua!  branch  of  the  6th  pair;  and  it  is  partly  to  be  decided  by  the  anato- 
mical relationa  of  the  two  nerves  respectively.  The  Glosso-pharyngeal  is  princi- 
pally distrihutcd  on  the  mucous  surface  of  the  fauces,  and  on  the  back  of  the 
tongue;  but  nccording  to  Valentin,  it  sends  a  branch  forwards  on  either  side, 
somewhat  beneath  the  lateral  margin,  which  supplies  the  edges  and  inferior  sur- 
face of  the  tip  of  the  tongue,  and  inosculates  with  the  Lingual  branch  of  the  5th. 
On  the  other  band,  the  upper  surface  of  the  front  of  the  tongue  is  supplied  by 
this  Lingual  branch.  The  experiments  of  Dr.  Alcock,  whose  conclu.<iion.s  are 
borne  out  by  Dr.  J.  Reid,  decidedly  support  the  conclusion,  that  the  gustativo 
sensibility  of  this  part  of  the  tongue  is  chiefly  due  to  the  latter  nerve,  being  evi- 
dently impaired  by  division  of  it.  On  the  other  hand,  it  is  equally  certain,  thnt 
the  sense  of  taste  is  not  destroyed  by  section  of  the  Lingual  nerve  on  each  side ; 
and  it  seems  also  well  ascertained,  that  it  is  impaired  by  section  of  the  Glosso- 
pharyngeal nerve. — The  pathological  evidence  bearing  upon  thia  point  appears 
somewhat  contradictory.  Numerous  cases  have  been  recorded,'  in  which  both 
common  and  goatative  sensation  were  destroyed  in  the  parts  of  the  tongue  supplied 
by  the  5th  pair,  when  that  nerve  was  puralysed  ;  in  some  of  these,  the  loss  of 
the  sense  of  taste  appeared  to  extend  itself  to  the  base  of  the  tongue,  but  then 
there  was  evidence  that  the  Glosso-pharyngeal  was  involved  in  the  parutysts.  On 
the  other  band,  cases  of  paralysis  of  the  5th  pnir  are  related  by  Mr.  Noble  and 
by  Vogt,*in  which  common  sensation  was  lost,  whilst  the  sense  of  taste  remained 
ia  the  same  parts ;  and  Mr.  Noble  relates  another  case,"  in  which  there  waa  loss 

'  See  eBpe«ially  the  cases  recorded  bj  Komberg,  in  "  Muller'a  Archir.,"  1888,  hefl  iii. ; 
Todd  and  Uowmnn,  in  "  PhjBiulogical  AniLtoaiy,"  p.  88Q,  Am.  £d. ;  and  Dixun,  in  "Med. 
Chir.  TninF.,"  vol.  xx*iii. 

•  "  Medical  Oaiette,"  Oct.  25,  18S4  ;  and  "  MQllcr's  Archiv.,"  1840, p,  72. 

•  ••  Medical  Gatette,"  Not.  21,  1635. 
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of  taste  without  impairment  of  coramon  scnration.  The  cas&t  of  Mr.  Noble  and 
Vogt  would  seem  to  indicate  that  the  5th  pair  does  not  minister  to  the  sense  of 
Taste ;  but,  as  Dr.  J.  Reid  has  justly  observed,  we  have  no  evidence  that  aB  the 
fijamenta  of  the  fifth  Pair  sent  to  the  tongue  were  affected ;  and  there  is  believ  ~ 
to  be  no  case  on  record,  in  whicih  the  whule  of  the  5»h  pair,  or,  of  its  3rd  bmoeV 
was  found  to  be  diseased  after  death,  and  in  which  during  life  the  senne  of  Tastr 
bad  been  retained  in  the  anterior  and  middle  parts  of  the  tongue.  Hence  tbe«e 
cases  only  serve  to  indicate  what  is  probable  on  other  grounda,  viz.,  that  the  fila- 
inenti  wbioh  convey  gu^tative  impresfiona  are  uot  the  same  with  those  that  min- 
ister to  common  sensation.  On  the  whole,  then,  it  seems  to  be  proved  by  anato- 
mical and  experimental  evidence,  that  both  the  Glosf>o-pharyngcal  and  the  Fifth 
pair  minister  alike  to  the  faclt'k  and  to  the  f;un(<itiv€  sense;  and  there  is  nothing 
in  the  pathological  facts  just  noticed,  that  militates  against  this  conclusion.  There 
geema  good  reason  to  believe  the  Glosso-pharyngeal  to  be  exclusively  the  nerve, 
through  which  the  impressions  made  by  disagreeable  substances  taken  ioto  the 
mouth  are  propagated  to  the  Medulla  Oblongata,  so  as  lo  produce  natuea  and  to 
excite  efforts  to  vomit. 

49t>.  The  functions  of  the  Pneumo<ja*(rie  nerve  at  its  rooU  have  been  made 
the  subject  of  particular  examination  by  various  experimenters ;  ^ome  of  whom 
(for  instance,  Yaleotin,  Longct,  and  Morgaciti)  have  concluded  that  it  then  pM> 
sesses  no  motor  power,  but  is  entirely  a  sensory  or  rather  an  afferent  nerve.  Ao- 
oording  to  these,  if  the  roots  be  carefully  separated  from  those  of  the  OIosm- 
Pharyngeal,  and  (which  is  a  matter  of  some  difficulty)  from  those  of  the  Spinal 
Accessory  nerve,  and  be  then  irritated,  no  movements  of  th.j  organs  supplied  by 
its  tniok  can  be  observed;  whilst,  if  the  roots  be  irritated  wbeo  in  connection 
with  the  nervous  centres,  muscular  contractions,  evidently  of  &  reflex  character, 
result  from  the  irritation ;  and  strong  evidences  of  their  sensibility  are  also  given. 
It  ha>i  been  further  asserted  that,  when  the  roots  of  the  spinal  Accessory  nerve 
ire  irritated,  no  indications  of  sensation  are  given;  but  that  the  muscular  partt 
supplied  by  the  Fneumogastrio,  as  well  as  by  its  own  trunk,  aro  made  to  crm- 
tract,  even  when  the  roots  are  separated  from  the  nervous  centres  ;  so  that  these 
roots  must  be  regarded  as  the  channel  of  the  motor  infiueace,  transmitted  ro; 
them  from  the  Medulla  Oblongata.  Where  the  Pneumngastric  swells  info 
the  jugular  ganglion,  an  interchiinge  of  fibres  tabes  place  between  it  and  the  Spi- 
nal Accessory;  and  it  seems  clear  that  the  pharyngeal  branches,  which  are 
among  the  most  decidedly  motor  of  all  those  giveu-off  from  the  Pneumogastric, 
may  in  great  pnirt  be  traced  backwards  into  the  Spinal  Accessory. — But,  on  the 
other  hand,  an  equully  numerous  and  trustworthy  set  of  experimenters  (among 
whom  may  bo  mentioned  J.  Rcid,  Miiller,  Yolkmann,  Stilling,  Wagner,  and 
Dernard)  are  opposed  to  this  opinion  ;  maintaining  that  the  Pncumogastric  has 
motor  roots  of  its  own ;  and  affirming  that  irritation  of  the  roots  of  the  8pinnl 
Aooeasory  produces  little  or  no  effect  on  the  muscles  supplied  by  the  trunk  of  the 
Par  Vagum  — The  fact  appears  to  be  that  the  roots  of  these  two  nerves  are  so 
commingled,  that  it  is  difficult  to  say  what  belong  exclusively  to  each.  Some  nf 
the  fibres  usually  considered  to  belong  to  the  Spinal  Accessory,  are  occasionallyj 
seen  to  connect  thetuselves  with  the  roots  of  the  Pneumogsistric,  even  before  ih 
ganglion  is  found  upon  it.  And  it  seems  most  probable,  that  while  the  roots  ol 
the  Spinal  Accessory  are  entirely  motor,  those  of  the  Pncumogastric  are  chUj 
afferent;  that  they  inosculate  with  each  other,  in  a  degree  which  may  varj'  1 
different  species,  and  even  in  different  individuals ;  and  that  the  Piteuinogastriv 
may  thus  deri\'e  additional  motor  fibres  from  the  Spinal  Accessory,  while  it  sup- 
plies that  nerve  with  afferent  fibres.  Further,  it  appears  probable,  from  the 
researches  of  M.  CI.  Bernard,  to  be  presently  noticed  (§  4i1>ii),  thai  the  motor 
fibres  properly  belonging  to  the  Pncumogastric  are  adequate  to  the  rcgulafioa 
of  those  movements  of  the  larynx  and  other  portioua  of  the  air-passages,  whic^ 
are  concerned  id  the  passive  act  of  BespiratioD. 
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Origin  and  diftribiitlon  of  (.be  Eitjhih  Pair  of 
nerrtt  — 1,  3,  4.  The  Medulla  OblongnUi.  1. 
The  Corpus  Pyrmmidale  of  one  aide.  3.  Tho 
CorpiM  Olirare.  4.  The  Corpat  Reitiforme.  2. 
The  Pom  VnroHL  6,  The  Facial  nerve.  ».  Th« 
origin  of  the  GUfto-pharyngtal  nerre.  7.  The 
ganglioo  of  Andertch.  8.  The  trunk  of  the 
tjerre.  9.  The  Spinal  Aectttory  nerre.  10.  The 
gftnglioo  of  ihe  f«t«wo<7a#fnc  nerre.  11.  l\x 
plexifona  ganglion.  12.  Itj  tmnk.  13.  Its 
pharTngeal  branch  forming  the  pharyngeal 
ploxni  (14)  a«j!isted  by  a  branch  from  the 
glono-pharjngeal  (8)  and  one  from  the  superior 
laryngeal  nerre  (15).  18.  Cordtae  brancbeH. 
17.  Recurrent  laryngeal  branch.  IS.  Anterior 
palnonary  hninehes.  19.  Posterior  pulmonary 
brancbea.  20.  (Esophageal  plexus.  21.  Ga>- 
trie  brancbcs.  22.  Origin  of  Ihe  Spinal  Acees- 
tory  nerre.  23.  It»  brancbec  distribated  to  the 
ftemo-mastAld  muaele.  34.  Ita  branobea  to  the 
tnpecina  muscle. 


A  Tlew  of  Ibe  diatri>iution  of  the  Gloiiaa-Pha- 
ryngeal,  Pneumogastrio  and  Spinal  AccP6«ory 
nerve*,  or  the  Eighth  pair :  1,  the  inferior  maxil- 
lary nerve  ;  2,  the  giiiintory  nerre  ;  Z,  the  chorda 
tympani :  4,  the  auricular  nerre;  6,  ita  comma- 
nication  with  tho  pnriio  dura;  8,  the  facial 
nerre  coming  out  of  the  etylo-maetoid  foramen ; 
7,  the  gloFfo-phnr^rngeal  nerve  ;  8,  branckcf  to 
the  atylo-pbnryngeuB  muscle;  9.  the  pbarynptnl 
branch  of  the  pnenmogaatic  nerve  deaeenilmg 
to  form  the  pharyntcettl  p1exu5  ;  10,  braneher  of 
the  glosio-pharyngpal  to  the  pharyngeal  plexua; 
11,  tho  pnctimogiu-itric  nerre;  12,  the  pbaryn. 
geal  plcxti*  ;  l.S,  the  stiperior  laryngeal  branch; 
14,  bmncliee  to  the  pharyngeal  plexna;  15,  15, 
communicntion  of  the  nipcrior  and  inftrScr 
laryngeal  nerve ;  16.  cardiac  branch ea  ;  17,  car- 
diac branchea  from  the  right  pncumogaf<lrio 
nerve;  18,  the  left  cardiac  ganglion  nndplexu»; 
19,  the  recurrent  or  inferior  laryngeal  nerve; 
2C,  brancbcB  sent  from  the  curre  of  the  recur- 
rent nerve  to  the  pulmonary  plexui;  21,  the 
anterior  pnlmoDuy  plexna ;  22,  22,  the  ocfoplia- 
penl  plexM,] 
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497.  There  can  be  no  doubt  tbat  the  trunk  of  the  Pneumogastric  w  to  be  oob> 
Bi'dered  as  a  nerve  of  double  endowments;  although  it  is  certain  that  these 
endovmenta  are  very  differently  distributed  amongst  ita  brancbes.  That  the 
nerve  is  capable  of  c^mvcytng  those  impressions,  which  become  senwationt  when 
communicated  to  the  seoaorium,  is  experimentally  proved  by  the  fact,  that,  when 
its  truiik  is  pinched,  the  animal  gives  Bigns  of  acute  pain  :  but  it  is  also  erideot 
from  the  painful  consciousness  we  occasionally  have,  of  ao  abnormal  condition  of 
the  organs  which  it  supplies.  Thus,  the  suspension  of  the  respiratory  tnovo- 
menta  gives  riae  to  a  feeling  of  the  greatest  uneasiness,  which  must  be  excited  bj 
impressioDB  conveyed  through  this  nerve  from  the  lungs;  and  an  inflamed  state 
of  the  walls  of  the  air-passngefl  causes  the  contact  of  cold  and  dry  air  to  produce 
distressing  pain  and  irritation :  yet  of  the  ordinary  impressions  conveyed  from 
these  organs,  which  are  concerned  in  producing  the  respiratory  movements,  and 
in  regulating  the  actions  of  the  glottis,  we  are  not  conscious.  The  same  may  be 
raid  of  the  portion  of  the  nerve  distributed  upon  the  alimentary  tube :  for  the 
pharyngeal  branches  are  almost  eicluaively  motor,  the  afferent  function  being 
performed  by  the  Glonso-pharyngealj,  whilst  the  oesophageal  and  gastric  are  both 
afferent  and  motor,  conveying  impressions  which  excite  reflex  movements  in  the 
muscles  of  those  parts,  but  which  do  not  become  sensations  except  under  exin^ 
ordinary  circumstances.  The  participation  of  this  nerve  in  the  operations  of 
I>eglutilion,  Digestion,  Circulation,  and  Rospiration,  and  the  effects  of  injury  to 
its  trunk  or  branches,  have  already  been  considered  in  the  account  of  tho*« 
fuuctiona. 

498.  In  regard  to  the  functions  of  the  Spinal  Accentor^  nerve,  also,  there  hw 
been  great  difference  of  opinion ;  the  peculiarity  of  its  origin  and  course  bavins 
led  to  the  belief,  that  some  very  special  purpose  is  answered  by  it.  The  roots  of 
tliis  nerve  arise  from  the  side  of  the  Spinal  Cord,  as  low  down  as  the  5th  or  6tb 
c(irvical  nerve;  and  tire  trunk  formed  by  them  ascends  into  the  cranium  between 
the  anterior  and  posterior  roots  of  the  spinal  nerves.  From  the  recent  research^ 
of  Mr.  J.  L.  Clark,'  it  appears  that  these  roots  may  be  traced  into  a  special  tnat 
of  vesicular  matter,  which  descends  as  far  as  the  lumbar  enlargement.  The  pre- 
dominance of  motor  fibres  in  its  roots,  its  inosculation  with  the  Pneumogascric, 
and  its  probable  reception  of  sensory  tibres  from  the  latter,  whilst  imparting  to 
it  motor  tilaments,  have  been  already  referredto  (§  496).  As  its  trunk  passes 
through  the  foramen  Incorum,  it  divides  into  two  brunches;  of  which  the  intenial, 
after  giving-off  some  filuments  that  assist  in  forming  the  pharyngeal  branch  of 
the  Pneumogastric,  becomes  incorporated  with  the  trunk  of  that  nerve  j  whilst 
the  external  prcjcceds  outwards,  and  is  finally  distributed  to  the  sterno-cleido- 
inasloideus  and  trapezius  muaelea,  some  of  its  filaments  inosculating  with  tboae 
of  the  cervical  plexus.  When  the  externa!  branch  is  irritated,  before  it  per- 
forates the  sterno-mnstoid  muscle,  vigorous  convulsive  movements  of  that  muscle 
and  of  the  trapezius  are  produced ;  and  the  animal  does  not  give  any  signs  of 
pain,  nnlesis  the  nen'e  be  firmly  compressed  between  the  forceps,  or  be  included 
in  a  tight  ligature.  Hence  it  may  be  inferred,  that  the  functions  of  this  nervfl 
are  chiefly  motor,  and  that  its  sensory  filaments  are  few  in  number.  Further, 
when  the  nerve  has  been  cut-across,  or  firmly  tied,  irritation  of  the  lower  end  is 
atten*h'd  by  tho  same  convulsive  movements  of  the  muscles  :  whilst  irritation  of 
the  upper  end  in  connection  with  the  spinal  cord,  is  unattended  with  any  mo* 
cular  movement.  Hence  it  is  clear  that  the  motions  occasioned  by  irritating  it 
are  of  a  direct,  not  of  a  reflex  character.  The  snme  muscular  movements  art 
observed  on  irritating  the  nerve  in  the  recently-killed  animal,  as  during  lifie. — 
According  to  i^ir  C.  Bell,  the  Spinal  Accessory  is  a  purely  liespiratory  nerve, 
whose  office  it  is  to  excite  the  involuntary  or  automatic  movements  of  the  mu?- 
clea  it  supplies,  which  share  in  the  act  of  respiration ;  and  he  states  that  the 
division  of  it  paralyses,  us  muscles  of  respiration,  the  muscles  to  which  it  is  Av- 
rib'ited)  though  they  still  porfarm  the  voluntary  moveiuents,  through  the 
*  "PhiloBOpliical  TrmsuclionB,"  1861,  p.  613. 
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medium  of  the  spinal  nerves.  Both  "\''alentin  and  Dr.  J.  Reid,  however,  posi- 
dveljr  den^  that  this  is  the  cuae ;  and  Dr.  Reid'a  method  of  experimenting  was 
well  aduptcd  to  test  the  truth  of  the  assertion.'  The  functions  of  this  nerve  htivo 
been  mode  the  subject  of  apeeinl  examination  by  M.  CI.  Bernard,'  who  has 
urived  at  the  oonclufiion  that  the  Spinal  Accessory  is  a  purely  motor  nerve, 
whose  action  is  not  eeAentiul  to  ihe  ordinary  movements  of  respiration,  xhe^Q 
being  provided-for  by  the  PneuoiogaPtric  and  ordinary  Spinal  nerves ;  but  that 
its  special  function  it>  to  bring  the  respiratory  moventents  into  acconluuce  with 
the  requirements  of  Animal  life,  adapting  the  a(j|.ioD8  of  the  muscles  of  the 
larynx  and  thorax  to  the  production  of  voice,  or  to  general  muscular  rffort.  Tha 
intemal  branch,  which  is  specially  distributed,  with  the  fibres  of  the  Pneutuo- 
gastric,  to  the  pharynx  and  larynx,  is  peculiarly  subservient  to  the  former  of 
these  purposes;  and  the  external  to  the  latter.  This  conclusion  is  sufficiently  in 
accordance  with  the  results  obtained  by  other  experiraentera,  to  be  received  as  a 
probable  explanatioo  of  the  facts  which  have  been  observed  by  them. 

499.  The  Hypoglossal  nerve,  or  Motor  Lingua,  is  the  only  one  which,  in  the 
regular  order,  now  remains  to  be  considered  (Fig.  140).     That  the  distriibutiou 


[Fig.  140. 


•iitt 
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The  eoane  and  di»tribution  of  the  Hypoglosjial  '^r  NlIl^b  pair  of  nerres;  tho  dcep-aeated 
BcrTffs  of  tho  nook  are  alia  aeen  :  I,  tbe  bjpugluBvoJ  nerve;  2,  branohea  oommanicAting  with 
tb«  goftatory  nerro;  3,  a  breoch  tu  the  orlgia  of  tbe  byoid  mueolei;  4,  tba  dcioendeiii  sooi 
nerve ;  b,  the  loop  formed  with  the  branch  from  the  cerrioal  aerrea ;  0,  muaculu-  brKDohei  to 
tbe  depretsor  miueles  of  tbe  larjnx  ;  T,  il  filarueot  from  the  aecond  oerricnl  nerve,  and  &,  a 
flUmeal  from  tbe  third  cervical,  nDvUng  to  form  the  communicatiDg  braDofa  witb  the  loop  from 
111*  duceodenn  nooi ;  0,  tbe  anricular  nerve.  10,  the  inferior  deotal  nerve;  11,  iu  mylo- 
fajoidean  branch;  13,  the  gmtator;  nerve;  13,  tbe  chorda  tjmpAoi  paiiing  to  the  gnitatorj 
nerve:  14,  tbe  cborda  tjmpani  Ictiving  tbe  guRlatory  nerve  to  join  the  gubmnxiltary  ganglion ; 
IS,  the  robroaxUUrj  ganglion;  16.  filamenu  of  communication  with  tbe  tingunl  nerve;  17* 
tbe  gloMo-pharyni^ttl  nerve;  18.  tbe  pneumugasirio  or  par  vaguin  nerve;  19,  the  three  upper 
cervical  nerven ;  20,  the  fonr  inferior  cervical  nerve*  ;  21,  tbe  first  dorsal  nerve  ;  22,  23,  (bo 
brachial  plexna;  24,  26,  the  phrenic  nerve;  26,  tho  carotid  artery;  27,  the  internal  jugular 
vein.]  I 

'  Bee  his  *' Physiol, ,  Pathol.,  and  Aaat  ReBearcbes,"  p.  151;  and  "  £dinb.  Med.  aou 
8urg.  Joiim.,"  Jan.,  18B8. 

•  *  Rccherches  Eip^rimentaies  aur  les  Fonctioni  du  Nerf  Spinal,'  in  "Archives  d« 
M6decine,"  1844. — This  Memoir,  having  jraioed  the  priie  given  by  the  Acad^mie  defl 
Sctenco<f  for  cxperiroentftJ  physiolofry  in  1645,  has  been  printed  in  the  "Recuoil  dea  Sa- 
vants Stranger*,"  torn,  xi.,  1S51 ;  and  the  author  states  thnt  since  the  first  pnblicatioD  of 
bis  researches,  he  has  confirmed  bis  original  couclusioDa  by  tbe  repetition  and  Ttriutioa 
of  Mb  experiments. 
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of  this  nerve  is  reslricted  to  the  muBcles  of  the  toDgne,  w  a  point  very  easilfj 
established  by  anatonncal  research;  and  accordioglj  we  fiod  that,  long  hefc 
the  time  of  Sir  C.  Bell,  Willis  had  spoken  of  it  as  the  ncrrc  of  the  moiionf 
of  articulation,  whilst  to  the  LinguoJ  branch  of  the  5th  pair  he  attributed 
the  power  of  exercising  the  sense  of  taste ;  and  be  distinctly  stated,  that  the 
reason  of  this  orgnn  being  supplied  with  two  nerves,  is  its  double  function. 
The  inference  that  it  is  chiefly,  if  not  entirely,  a  motor  nerve,  which  has  Wen 
founded  upon  its  anufnnncal  distribution,  is  supported  also  by  the  nature  of  its 
origin,  which  ia  usually  fron^a  single  root,  corresponding  to  the  anterior  root  of  J 
the  Spinal  nerves.  Kxperiinent  shows  that,  when  the  trunk  of  the  nerve 
stretched,  pinched,  or  galvanized,  violent  motions  of  the  whole  tongue,  even 
it»  tip,  are  occasioned }  and  also,  that  similar  movementa  take  place  after  div 
sion  of  the  nerve,  when  tbe  cut  end  most  distant  froto  the  brain  is  irritated.  Ill 
regard  to  the  degree  in  which  this  nerve  possesses  sensory  pniperties,  there  ■ 
some  difference  of  opinion  amongst  physiologists,  founded,  as  it  would  seem,  oni 
variation  in  this  respect  between  differcDt  animals.  ludicalione  of  pain 
usually  given,  when  tht;  trunk  is  irritated  after  its  exit  from  the  cranium ;  bl 
these  may  proceed  from  its  free  anastomosis  with  the  cervical  nerves,  which  not ' 
improbably  impart  sensory  fibres  to  it.  But  in  some  Mammalia,  the  hypoglossal 
nerve  has  been  found  to  pos«i)vss  a  small  posterior  root  with  a  ganglioD ;  this  is 
the  case  with  the  Ox,  and  also  in  the  Rabbit;  and  in  the  latter  animal,  Valentin 
states  that  the  two  trunks  pas.-4-out  from  the  cranium  through  separate  orifices,  and 
that,  after  their  exit,  one  may  be  shown  to  be  sensory,  and  the  other  to  be  motor. 
Hence,  this  nerve,  whieh  in  the  lowest  of  those  that  orlgiDatc  in  tbe  cephalic  pro- 
longation of  the  spinal  cord  generally  known  as  the  medulla  oblongata,  approaches 
very  closely  in  some  animals  to  the  regular  type  of  tbe  spinal  nerves ;  and  though 
in  Man  it  still  manifests  an  irregularity,  in  having  only  a  single  root,  yet  thi^  ir- 
regularity is  often  shared  by  the  first  cervical  nerve,  which  also  has  sometimes 
anterior  root  only,  —  The  Hypoglossal  nerve  is  distributed  not  merely  to  tl 
tongue,  but  to  tbe  museh-s  of"  tbe  neck  which  are  concerned  in  the  movements 
the  larynx ;  and  the  purpose  of  this  diatributiou  is  probably  to  associate  them  la* 
those  actions,  which  are  necessary  fur  articulate  speech.  Though  aU  the  motions 
of  the  tongue*  are  performed  through  tbe  medium  of  this  ner>'e,  yet  it  would 
appear,  from  pathological  phenomena,  to  have  at  least  two  distinct  connections 
with  the  nervous  centres;  for  in  many  cases  of  paralysis,  tbe  masticatory  mov&> 
ments  of  the  tongue  are  but  little  afftcted,  when  tbe  power  of  articulation  is 
much  injured  or  totally  destroyed;  and  the  converse  may  be  occasionally  noticed. 
When  this  nerve  ia  paralysed  on  one  side,  in  hemiplegia,  it  will  be  generally 
observed  that  the  tongue,  when  the  patient  is  directed  to  put  it  out,  is  projected 
towards  the  palsied  side  of  tbe  face :  this  is  due  to  the  want  of  action  of  the 
lingual  muscles  of  that  side,  which  do  not  aid  in  pushing- forward  the  tip;  tbe 
point  is  consequently  directed  only  by  the  muscles  of  the  other  side,  which  will 
not  act  in  a  straight  direction,  wben  unantagonized  by  their  fellows.  It  is  a 
curious  fact,  however,  that  the  Hypoglossal  nerve  seems  not  U)  be  always  palsied 
on  the  same  side  with  the  Facial^  but  sometimes  on  the  other.  This  has  been 
suggested  to  be  due  to  tbe  origination  of  the  roots  of  this  nerve  from  near  the 
point  at  which  the  pyramids  of  the  medulla  oblongata,  dectissate,  so  that  some  of 
its  fibres  come-off,  like  those  of  the  spinal  nerves,  without  crossing,  whilst  othen 
are  transmitted  to  tbe  opposite  aide,  like  those  of  the  higher  cephalic  nerves ;  tt  ' 
the  cause  of  paralysis  may  affect  one  or  other  of  these  sets  more  particularli 
Whutever  may  be  the  validity  of  this  explanation^  the  oiroumstSnce  is  an  in  I 
resting  one  and  well  worthy  of  atteution.' 

'  It  may  bo  qaefltiooed,  however,  whether  the  HjpagloBBa)  ia  really  pftrnlytod  on 
opposite  side  from  the  Facial  ia  Buch  cases.  Aii  iDstance  bu  been  onmiutiijieated  to 
Author  by  Dr.  W.  fludd,  in  which  the  hypaglogsal  nenre  was  completoly  divided  on 
eiile ;  and  yet  tho  tip  of  the  tongue,  when  the  patient  was  desired  to  put  it  out,  wb«  so 
times  direoted /rom  and  sometimes  towarda  the  palaied  side;  sbowing  that  tbe  miuolea  of 
either  hail  aie  siiffioient  to  give  any  required  direction  to  the  whole. 
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50(1.  The  yeneral  homoluy^  of  the  Cephalic  nen'es,  considered  with  referenoe 
to  the  ordinary  8pina],  confititutea  a  study  of  much  interest.  It  appears,  frotu 
what  b^  been  already  stated,  that  tlio  I'neaiuogastrio,  Spinal  Acceseory,  Gloaao- 
pharyngenl,  and  Hypoglossal  iiervesi,  may  be  considered  nearly  in  the  light  of 
ordinary  Spioal  oerves.     They  all  take  their  origin  ezcluaively  in  the  McduUii 
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Tkt  drawing  oxhibita  the  eeriibrkl  eonnootioD  of  all  tha  eerebral  nerrei  except  tli«  I*L  It 
is  from  a  iketch  takoD  frum  two  duieotioDi  of  this  part.  D.  Poaterior  optio  tubercle.  Th« 
g«n«rative  bodies  of  tbo  tbnliAiaiis  ii.r«  jast  abore  iL  B.  Corebellam.  B.  Spinikl  cord.  i.  Tub«r 
eiaersum.  k.  Optio  thuUmds  dirided  pcrpcodicalftrly.  w.  Corpus  reitifDrme.  x.  Pods  Va- 
rolii, b  b.  Optio  ncrvca  :  this  norvo  it  traced  on  the  left  lidc  back  b«Deiilb  the  optic  thaUmu 
aod  roaod  tho  vrat  ci-robri.  Itdiride*  into  fonr  roots  ;  the  first  {$3)  plunfrei  into  the  sobtitanoe 
uf  the  ihalaoiaf,  tho  next  rum  over  the  external  gecicalatd  body  and  surface  of  the  thalaroas, 
the  third  go««  to  the  interior  (vptio  tab«role,  tho  fourth  runs  to  d,  the  testis  or  pnsterior  optio 
tubercle,  c.  Third  pair  eooimon  ooulo-maaoular,  arising  bjr  two  routs  like  the  spinal  roots  of 
tb«  spinal  nerres,  tho  upper  from  the  gray  neurine  of  the  locus  niger,  the  lower  from  the  con- 
tinuation of  the  pjramidal  oolumns  in  tho  cra»  cerebri  and  Pons  Varolii,  p  I.  d.  Fourth  pair, 
apparently  arising  from  tlie  inter-eerebral  eooiaiiismre  (i  c),  but  realty  plunging  down  to  the 
ulirary  tract  {at)  aa  it  ascends  to  the  optio  tubercles,  em.  Motor  or  non-gangliunic  root  of  the 
fifth  pair,  arining  from  the  posterior  edge  of  the  olivary  tract,  «.  Sensory  root  of  the  fifth  pair 
running  down  between  the  olivary  trael  and  restiform  body  to  the  sensory  tracL  /.  Sixth  |iair, 
or  abdncens,  arising  from  the  pyramidal  tract,  g.  Seventh  pair,  fiioial  nerve,  or  portio  dura, 
arising  by  an  anterior  portion  from  the  olivary  traot  and  by  a  posterior  portion  firatu  the  cere- 
bellio  fibres  of  the  anterior  ctdumns  as  they  asoend  on  the  corpus  restifurme,  w,  i.  Eighth  pair, 
portio  mollis,  or  anditory  nerve,  with  its  two  roots  embracing  the  restiforra  body.  f.  Ninth 
pair,  or  glosso-pbaryngeai ;  and/  Tenth  pair,  or  par  vagum,  plunging  into  the  restiforro  gan- 
glioo.  13.  Fibre*  of  the  optic  nerve  plunging  into  the  tbalnmtis ;  immediately  below  these 
lottsrs  is  Ae  corpus  genicnlatnm  externum,  k.  Eleventh  pair,  or  lingual  nerve;  the  olivary 
body  has  been  nearly  sliced  off  and  tnmed  out  of  its  natural  position  ;  some  of  the  filaments 
of  the  lingual  nerve  are  traced  into  the  deeper  portion  of  the  ganglion,  which  is  left  in  its 
ailnation ;  otbtra  which  are  the  highoit  are  evidently  connected  with  the  pjrauiidiU  Iracu*— Ed.] 

'  ["Solly  on  the  Brain,"  Atn,  Ed.] 
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OblonetitA ;  and  tbe  want  of  correspondence  in  poeition,  between  tbeir  roots  and 
thu^e  of  the  Spinul  nerves,  is  readily  nccounJed-for,  by  the  alteration  in  tliediiw- 
lion  of  the  columns  of  the  Spinal  cord,  which  not  only  decussate  latcrojly.  but, 
as  it  were,  an tero- posteriorly  (§  48!)).  The  Hypoglossal,  as  just  stated,  not  ud- 
fret|uently  poasesses  a  sensory  in  additiou  to  its  motor  root.  The  Gloeso-phaiyo- 
fffil,  which  18  principally  nn  afferent  nerv'o,  haf?  a  small  motor  root ;  but  most  of 
the  motor  fibres  which  anewtr  to  it  are  to  be  found  in  the  Pnenroogastric.  That 
the  Pneurangastric  and  Spiunl  Accessory  together  represpnt  a  Spinal  nerre,  n)»j 
be  regarded  ns  probable  from  what  hns  V>een  already  gaid  of  their  relations.— 
Leaving  tlie^e  nerves  out  of  the  question,  therefore,  we  proceed  to  the  rest 
Comparative  nnatoniy,  and  the  study  of  Embryonic  development,  alike  »how  that 
the  Spinal  Cord  and  the  Medulla  Oblonprtta  cfiDstitutc  the  most  essential  part  of 
the  nervous  eytitem  in  Vertebrata  j  and  that  the  Cerebral  Heniispheres  are  Buper- 
added,  as  it  were,  to  this.  At  an  early  period  of  development,  the  Eocephaloii 
consists  chiefly  of  four  vesicles,  which  correspond  with  the  ganglionic  enlarge- 
nicnts  of  the  nervous  cord  of  the  Articulata,  and  mark  four  divisions  of  the 
Cerebro-Spinal  axis,  and,  in  accordance  with  this  view,  the  Osteologist  is  able  to 
truce,  in  the  bones  of  tbe  craniutn,  the  same  elements  which  would  form  four 
verlehr»,  in  a  much  expanded  and  altered  condition.'  The  four  pairs  of 
nerves  of  special  sensation, —  Auditory,  Gustatory,  Optic,  and  Olfactory, — 
make  their  w«y  out  ihravijk  these  four  cranial  vertebrse  respectively.  At  ft 
later  period  of  development  other  nerves  are  interposed  between  these;  which, 
being  I'nterverffbral,  are  evidently  more  analogous  to  the  Spinal  nerves,  both  in 
situation  and  function,  A  separation  of  the  primitive  fibres  of  these  takes  place, 
however,  during  the  progress  of  development,  so  that  their  distribution  apf:<e«r« 
irregular.  Tlius  the  greater  part  of  the  sensory  fibres  are  contained  in  the  large 
division  of  the  Trigeminus;  whilst  of  the  motor  fibrt^,  the  anterior  set  chiefly 
pass  forwards  as  the  Oculo-motor  and  Pathcticus ;  and  of  the  posterior,  some  form 
the  small  division  of  the  Trigeminus,  and  others  unite  with  the  first  pair  from 
the  Medulla  Oblongata  to  form  the  Facial.  This  last  -fact  explains  the  close 
union,  which  is  found  in  Fishes  and  some  Amphibia,  between  that  nerve  and 
those  proceeding  more  directly  from  the  Medulla  Oblongata.  According  to  Va- 
lentin, the  Glosso-pharyngeal  ia  the  sensory  portion  of  the  first  pjiir  from  the 
Medulla  Oblongata,  of  which  the  motor  part  is  chiefly  comprehended  in  the 
Facial  nerve.  Although  we  are  accustomed  to  consider  the  Fifth  pair  as /i^r 
imincnce  the  Spinal  nerve  of  the  head,  the  foregoing  statements,  founded  upoa 
the  history  of  development/  show  that  the  nerves  of  the  Orbit  really  belong  to 
its  motor  portion  j  they  may  consequently  be  regarded  as  altogether  forxning  th« 
first  of  the  intcrvcrtthral  nerves  of  the  cranium.  The  Facial  and  Glosso-phaiyn- 
geal  appear  to  constitute  the  feeond  j  whilst  the  Par  Vagum  and  Spinal  Acces- 
sory, forming  the  third  pair,  intervene  between  this  and  the  true  Spiual,  of  which 
the  Hypoglossal  may  be  considered  as  the  first 

501.  Function*  of  the  Spinal  Axis.  —  In  considering  the  functions  of  the 
Spinal  Cord,  we  have  to  regard  it  under  two  aspects;  —  In  the  first  place  as  a 
coiiJuctm-  of  nervous  force  between  the  Nerve-trunks  and  the  Encephalic 
centres;  —  and  in  the  second  place,  as  itself  on  iiKfrpftKhnt  centre  of  nervous 
power,  i^s  a  mere  conductor  of  nervous  force,  its  funciinns  are  the  same  aa 
those  of  a  nerve-trunk ;  for  if  it  be  divided,  all  the  parts  of  the  body  which  an 
solely  supplied  by  nerves  coming-off  below  the  point  of  section  are  completely 
paralyzed,  as  fur  as  regards  seni^ibility  and  voluntary  movement;  no  impresf^ioDS 
made  upon  them  having  the  least  power  to  affect  the  consciousness,  and  no  eIe^ 
tion  of  the  will  being  able  to  determiiie  contraction  of  their  muscles.     This  state 

'  See  Prof.  Oweo'a  *•  Arohetjpe  Skeleton;"  and  the  Author's  "Princ.  of  Gen.  Phja.," 
Am.  Ed. 

•  On  this  point,  es  well  as  on  the  functionp  of  rlie  Cejibnlic  nerres  penemlly.  see  Prof, 
Valcntiu  "  be  FuDctiooibua  Kerrorum  Certtbraiiuni  et  ^ervi  S^nipitthjci."  Dcriuc,  IbSti. 
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of  paraphtjiay  which  may  be  experimentally  induced  in  animals,  is  frequently 
vzhibited  in  3laii  as  a  result  of  injury  or  of  diseuee  which  soriuusly  iiuplicatcn 
the  Spinal  Cord ;  and  as  it  has  been  shuwn  that  among  the  lower  animals  com- 
plete reunion  of  the  Cord  may  take  place  after  complete  division,  as  indicated  by 
the  entire  restoration  of  its  fuuctioiial  powers  and  the  complete  redintegration 
of  its  structure,'  so  have  we  reason  to  believe  that  a  similar  regeneration  may 
tuke  place  to  a  considerable  extent  in  Man,  thit^  being  murlcod  by  the  gradual 
re;urn  of  sensibility  M.nd  power  of  voluntary  movement  in  the  lower  limbs  which 
bad  been  at  first  completely  paralysed.  This  regeneration  is  of  course  less 
likely  to  occur  in  cases  of  disease,  when  the  parts  around  are  in  an  unhealthy 
state,  than  when  the  paralyi^is  is  due  to  injury,  which  all  the  restorative  powers 
of  the  sysletn  are  engaged  in  repairing ;  but  it  is  lo  be  remembered,  that  as  the 
iDJuries  which  are  likely  to  cause  such  lesions  of  the  Cord,  are  nearly  always 
attended  with  severe  coucusaion  (it  being  very  rare  for  the  Cord  to  be  accideDtally 
wounded  by  the  penetration  of  a  eharp  iuHtrument  between  the  vertebr»,  in  the 
mode  in  which  experiments  are  made  upon  animab),  some  of  their  first  effects 
are  attributable  to  the  sJiock  which  it  has  sustaiued ;  so  that  the  partial  recovery 
which  takes-place  at  an  early  period,  must  not  be  regarded  as  the  result  of  regene- 
rstioD  of  nervous  tissue,  which  requires  a  much  longer  lime  for  its  completion. 

502.  The  conducting  power  of  the  entire  Spina!  Cord  being  thus  established, 
wo  have  next  to  inquire  whether  any  diift^rcncc  in  endowment  can  be  shown  to 
exist  in  its  sevend  culumoa.  By  Sir  C.  Bell,  it  was  supposed  that  the  anterior 
columns  possess  the  same  endowments  as  the  anterior  ro<,its  of  the  nerves,  and 
the  posterior  columns  the  same  as  the  pu^tenor  roots :  and  this  view  is  supported 
by  the  experiments  of  Longet,'  who  deduces  from  them  the  couclusion,  that 
irritation  of  the  posterior  columns,  as  of  the  posterior  nerve-roots,  gives  rise  to 
excruciating  pain,  without  exciting  any  utlier  movements  tban  such  us  are  called 
into  action  in  reflex  respondenee  to  the  impression ;  and  that  irritation  of  the 
anterior  columns  excites  movements  directly  (or  without  reflexion),  and  is  not  a 
source  of  pain,  Again,  he  found  that  when  the  Spinal  Cord  was  completely 
divided,  and  time  was  allowed  for  the  reflex  activity  of  the  cord  to  subside  (this 
disappearing  rapidly  in  adult  warm-blooded  animals),  the  application  of  an 
electric  current  to  the  posterior  columns  of  the  separated  part  oceaeioned  no  mus- 
cular action  whatever,  whilst  its  transmission  through  the  anterior  columns  called- 
forth  vigorous  movements.  Moreover,  he  states  that  the  effects  of  the  reversal 
of  the  electric  current,  transmitted  through  the  anterior  columns,  were  the  same 
a«  those  of  the  same  reversal  when  the  currents  were  transmitted  through  the 
anterior  roots  of  the  spinal  nerves;  whilst  they  differed  from  those  produced  by 
the  same  change  in  the  direction  of  the  currents,  transmitted  through  a  nerve 
of  mixed  endowments. — The  researches  of  Van  Deen  *  lead  on  the  whole  to  the 
same  conclusions ;  but  they  tend,  in  his  opinion,  to  show  that  the  conducting 
power  both  of  the  anterior  and  posterior  columns  is  very  imperfect,  if  their 
white  strands  be  completely  separated  from  their  grey  matter.  Hia  experiments 
appear  to  have  conclusively  established  that  the  grey  matter  &»  well  as  the  white, 
possL'Ssoa  conducting  powers;  as  we  might  indeed  anticipate  from  the  circumstance, 
that  it  contains  a  large  amount  of  the  fibrou;^  form  of  nerve-tisfuc,  and  that  the 
commifisura]  connection  between  the  two  lateral  halves  of  the  Cord  is  established 
(according  to  Mr.  J.  L.  Clarke,  §  482)  by  its  grey  substanco  alone.  That  a 
ready  transverse  communication  exists,  is  proved  not  merely  by  the  fact  that  an 
impression  made  upon  a  oerve  of  one  .side  will  very  commonly  excite  reflex 

'  See  the  admirable  researohea  of  M.  Brown-S^qaard,  in  "  Oaiette  M^dicale,'*  1849 
No.  ib,  and  18G0,  No.  80;  al<o  the  ''Comptea  Reniliu  de  la  Society  de  Siologie,"  1849. 
1850. 

•  ••  Anatomie  et  Physiologic  du  Syat^me  Nerveux,"  1842;  and  '♦  Traits  de  Physiologie," 
1850.  torn.  ii.  pp.  184-8. 

•  "Trull^tt  et  DiScouTertes  sur  la  Pfajfiologie  et  la  Moelle  Epinifcre,"  Leide,  1841. 
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moTements  on  both  ;  but"  also  by  the  experinieut  oi  conij 

of  the  cord  an  fur  as  the  median  line,  and  dividing  the  other  balf  to  thf  Bsnio 
extent  b  short  distunce  below  the  first  section ;  for  this  operation  does  not  inter- 
rupt the  Iransmie^sion  of  pensory  impressions,,  althouph  it  seema  doubtful  whether 
motor  influences  can  be  thus  propagated.' — The  experimental  results  of  Stilling,' 
agiiin,  are  on  the  whole  in  harmony  with  the  preceding: ;  but  he  lays  yet  greater 
stress  than  Van  Deen,  on  the  importance  of  the  grey  matter  to  even  the  con- 
ductive power  of  the  white. — These  deductions,  however,  are  strongly  opposed 
by  Longet;  who  affirms  that  he  could  never  obtain  any  evidence  either  of  sensi- 
bility or  of  motor  power,  on  irritating  the  grey  substance  alone  by  the  electric 
current;  and  that,  on  the  other  hand,  the  entire  destruction  of  the  grey  matttr 
for  a  considerable  length,  by  mcoDS  of  a  rod  introduced  into  the  interior  of  tie 
Cord,  did  not  seem  in  any  defijrcc  to  impair  the  conducting  power  of  itfi  colntnng. 

503.  It  must  hv  freely  admitted,,  however,  that  there  are  numerous  Patholo- 
gical phenomena,  which  it  is  very  difficult  to  reconcile  with  any  of  the  foreeoiag 
coDclupJnns  regarding  the  relative  functions  of  the  (interior  and  poeterior  coluiDl 
of  the  Spinal  Cord  :  cases  huTing  been  recorded,  in  which  complete  destniclk 
of  the  anterior  columns  appeared  to  have  taken  place,  without  loss  of  Tolunt 
motion  in  the  purts  below ;  whilst  s  similar  detitruction  of  the  posterior  cok 
has  occurred,  without  corret<ponding  IcBion  of  BcnBibvlity.'  Bat  it  must 
borne  in  mind  that  we  are  sMll  far  from  having  an  accurate  knowledge  of  th« 
degree  of  structural  change  in  the  nervoufi  centres,  which  is  incompatible  with 
the  continued  performance  of  their  functions;  and  that  there  are  instances  in 
which  the  whole  thickness  of  the  cord  has  undergone  softening  and  tpptrent 
disintegration,  without  the  destruction  of  the  functional  connection  between  the 
Encephalon  and  the  parts  below  the  scat  of  the  disease.* 

[It  is  a  well  known  fact  that  lesion  of  one  side  of  the  brain  produces  lo«s  of 
motion  and  eensibility  on  the  opposite  side  of  the  body,  and  the  ex-,  >'*, 

that  decussation  of  the  motor  and  sensitive  fibres  takes  place  in  the  Mt  •  i  ii- 

gata.  Until  lately,  the  experiments  of  Galen  have  been  considered  as  pruviog 
that  there  is  no  decitsgation  in  the  Spinal  Cord.  The  experiments  of  Dr.  Brown- 
S^uard  on  animals,  repeated  by  the  editor,  and  some  pathological  facts  collected 
by  the  same  carefiil  observer,  are  partly  opposed  to  the  view  attributed  to  t.Jaleii. 
!Hc  has  found,  that  although  it  is  true  that  all  the  motor  fibres  do  not  cross  each 
other  in  the  Spinal  Cord,  the  sensitive  fibres  unquestionably  do,  so  that  in  the  c«m 
of  a  lesion  of  the  rit/hi  side  of  the  Spinal  Cord,  there  will  occur  a  loss  or  dimi- 

*  A  case  it  cited  by  LoDf^et  froin  Begin,  in  which  a  man  was  Btnbbed  at  the  back  of  tb« 
neck,  the  point  of  the  knife  paesing  obliquelj'  forwards  between  the  nxth  and  sereatk 
cerrical  vertebra.  diTiding  the  antero-lateral  and  anterior  columns  of  the  Spinal  rordi 
the  right  side.  He  aurTiTed  the  injury  b\x  dnj8;  and  suffered  from  complete  paralvvsl 
motion  of  tbe  corresponding  lower  extremity,  with  incomplete  paralysis  of  motion  of 
right  arm  ;  the  senF^it^ility  remaining  perfecL  This  case  seems  to  show  that  the  Will  hu 
DO  power  to  direct  its  tootor  impulses  across  the  cord  ;  Btnoe  the  parts  denting  their  nenet 
from  the  part  of  the  card  below  the  partiiil  aection,  wer«  entirely  withdrawn  from  its  in- 
fiuenoe. 

*  "  Unterauchnngen  iiber  die  Fnnctionen  dea  RiiokenmarkB  ond  die  Nema,"  Leipiig, 
1842. 

*  See  especially  the  case  recorded  by  Mr.  Stanley  in  "  Med.-Chir.  Transact.,"  toL  xxiil 
and  by  Dr.  Webster,  Op.  cit.,  vol.  xxvi. 

*  See.  for  example,  the  esse  of  •  Softening  of  the  Spinal  Marrow,'  recorded  by  Dr.  Nairs* 
in  the  "  Med.-Chir.  Trans.,"  vol.  xxxit.  ;  in  which  a  ptirtion  of  the  Cord  at  least  an  inch 
long,  situated  opposite  the  third  and  fourth  dorsal  Tertebrsp,  was  "so  soft  that  the  slightest 
pressure  of  the  finger  broke  it  up,"  being  nearly  in  a  fluid  stale  through  its  whole  thiek- 
neas :  yet  the  patient  felt  pain  in  bis  lower  limbs,  showing  that  the  power  of  ttpwari 
transmission  rcmnined  ;  and  although  be  hnd  lost  all  Voluntary  control  over  the  muscles  of 
the  lower  part  of  the  body,  yet  they  were  affected  with  incessant  choreic  movenient  (which, 
00  will  be  shown  hereafter.  Sect  8,  appears  to  originate  in  the  Sensory  Ganglia),  and  thcM 
Tnovements  were  affected  in  such  a  marked  manner  by  emotions,  as  plainly  to  indicate  • 
dotcntcard  tranemiseion  of  motor  power. 
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nutioD  of  voluntary  zuoveiueDts  on  tbc  rigbt  side  of  the  body,  and  a  Jimioutioi) 
or  losa  of  sensibility  on  the  It-J't  side,  and  vice  vereH. 

The  facts  wLLcb  prove  this  cross-aotion  of  the  afferent  or  sensitive  nerve-fibres, 
are  as  follows : — 

1st.  If  a  lateral  half  of  the  spinal  corJ  is  divided  transversely  at  the  level  of 
the  tenth  costal  vertebra,  on  a  Maiumal,  it  i»  found  that  sensibility  is  macb  dimi- 
iiicbed  and,  in  some  cases,  cuLirily  abuiisbed  id  the  pustorior  limb  opposite  to  the 
side  of  the  section.  On  the  cuntrury,  the  sensibility,  far  from  b«ing  lost,  appears 
V )  be  much  increased,  ia  the  posterior  limb,  on  tbe  side  oti  which  the  sectioa  has 
been  made. 

2d.  If,  instead  of  one  transversal  hemiscction  of  the  cord^  two,  three,  or  more 
are  made,  on  the  same  side,  the  same  eSiicts  are  observed. 

3d.  If,  in8te<»d  of  mere  sections,  a  removal  of  a  lateral  half  of  the  spinal 
nutrrow  is  effected,  tbc  same  results  are  still  obtained-  For  tbe  performance  of 
this  experiment  a  longitudinal  section,  one  inch  in  length,  is  first  made  in  the 
mediaji  pluuo  of  the  cord,  and  then  two  transversal  sections  on  one  side  arc  made 
at  the  extremities  of  tbe  lutigitudiual  one,  so  that  a  part  of  the  cord  is  com* 
pletely  sepurated  from  the  rest  and  removed. 

4th.  If  the  lateral  section  ia  not  complete,  and  if  tbe  part  left  undivided  ia  in 
tbe  neigh bourhuod  of  the  centre  of  the  cord,  it  is  found  that  sensibility  appears 
to  be  increased  in  tbe  posterior  limb  on  the  same  side,  and  that  in  tbe  other 
posterior  limb  there  is  only  a  slijjiht  diminution  of  sensibility,  If  the  part  left 
undivided  ia  oon&iderablc,  sensibility  does  not  appear  to  be  dimiDisbed  in  this 
bust  limb,  and  sometimes  it  seems  rather  tttereased. 

6th.  If,  in  porforuiiug  the  section  of  a  lateral  half  of  the  spinal  cord,  the  in- 
strument goes  a  little  too  far  and  divides  also  a  small  portion  of  the  other  half 
iu  the  central  part,  then  the  posterior  limb  on  tbe  side  of  the  complete  scetioQ 
ii  leas  sensitive  than  in  the  normal  state,  and  the  posterior  limb  of  the  opposite 
aide  loses  its  sensibility  completely. 

6th.  If  the  section  of  a  lateral  half  of  the  spinal  cord  is  made  at  the  level  of 
the  second  or  third  cervical  vertebra,  it  is  found  that  sensibility  becomes  very 

r'ckly  much  greater  in  the  parts  of  tbe  body  on  tbe  side  of  the  seetion,  and 
t,  on  tbe  contrary,  tbe  parts  on  the  other  side  become  evidently  less  sensitive- 

Before  proceeding  farther  iu  the  exposition  of  these  experiments,  it  is  neces- 
sary to  examine  hero  the  results  already  related.  It  is  clear  that  if  the  trans- 
uiKHiou  of  sensitive  impressions  were  effected  in  the  spinal  cord,  according  to 
the  generally  admitted  theory,  we  should  find,  after  the  section  of  a  latcruL  half, 
sensibility  lost  or  at  least  diuiinished  on  tbe  corresponding  side  of  the  body,  and 
almost  normal  on  the  other  side.  We  find  exactly  the  reverse :  that  ibe  side 
which  should  have  lost  its  sensibility  does  not  lose  it  at  ail,'  and  the  one  which 
should  have  retained  its  sensibility  loses  it  almost  entirely. 

Dr.  Brown-S^uard  concludes  that  the  generally  accepted  theory  is  wrong,  and 
that  there  appears  to  be  a  decussation  of  sensory  dbres  iu  the  spinal  cord. 
The  following  experiments  are  still  more  decisive  proofs  that  this  is  the  real 
state  of  things. 

7th.  If  afler  a  section  of  the  lateral  half  of  the  spinal  oord  at  the  level  of 
the  eleventh  costal  vertebra,  we  perform  the  section  of  the  other  lateral  half,  at 
the  level  of  the  sixth  costal  vertebra;  so  that  the  two  lateral  halves  of  the  cord 
are  cut  traosveraely,  we  find  that  sensibility  is  entirely  lost,  or  very  nearly  so,  in 
the  two  posterior  limbs.  Sometimes  a  very  sligbt  degree  of  sensibility  remains, 
more  particularly  in  the  posterior  limb  on  tbe  side  where  the  spinal  cord  has 
been  divided  at  the  level  of  tbe  sixth  costal  vertebra. 

8th.  If  two  sections  of  lateral  halves  are  made  aa  in  the  preceding  expen- 

*  Fu  from  bciiig  lost,  aengibilitj  appean  to  be  much  increased. 
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mi'iit,  but  at  a  greater  distance,  one  from  the  other,  for  instance,  one  on  lh«  ri^ 
side,  at  the  level  of  the  eleventh  costal  vertebra,  and  the  other  on  the  left  ei' 
in  the  cervical  region,  nearlj  the  same  results  are  obtained  as  regards  the 
riur  limbs,  but  the  sensibility  is  increased  in  the  right  anterior  limb  and  it 
mains,  tiiouph  much  diniiuished,  in  the  left  anterior  limb. 

Dih.  If,  after  haTinjr  dividtd  transversely  a  lateral  half  of  the  spina)  cord, 
the  neck,  at  the  level  of  the  roots  of  the  second  pair  of  nerves,  we  lay  bare  the 
very  sensitive  nerves  goinp  to  the  ear,  in  dogs  or  ntbbita,  we  find  that  thdr  sen- 
fiibility,  on  the  side  of  the  section  of  the  cord,  appears  increased,  and  that,  on  the 
contrary,  on  the  other  side,  they  appear  either  destitute  of  sensibility  or  very 
sliphtly  sensitive. 

10th.  SectiuES  of  a  lateral  half  of  the  njoduUa  oblongata  give,  as  regards 
sibilitj,  the  same  results  as  sections  of  &  lateral  half  of  the  spinal  cord. 

11th.  If  a  longitudinal  section  be  made  on  the  part  of  the  spinal  cord  gtvil 
nerves  to  the  posterior  eitreniities,  so  bb  to  divide  that  part  into  two  ia< 
halves,  then  it  is  found  that  sensibility  is  completely  lost  in   the  two  poste; 
limbs)  although  voluntary  movements  take  place  in  them.     This  is  one  of  the  a- 
peri  men  ts  of  Galen,  but  he  does  not  speak  of  sensibility. 

12ib.  If  a  similar  separation  of  the  two  lateral  halves  of  the  spinal  cord  be 
made  on  the  whole  part  supplying  nerves  to  the  anterior  limbs,  then  we  find  that 
aeneibility  is  tost  in  both  these  limbs,  and  that  it  is  only  slightly  diminished  in 
the  j)ostt'rior  liuibs, 

l^ih.  If  the  same  operation  be  performed  as  in  the  preceding  experiment,  and 
if  afterwards  a  trunaverpal  division  be  made  on  one  of  the  lateral  halves  of  the 
cord  in  the  part  where  the  longitudinal  section  has  been  made,  then  we  find  thai 
the  posterior  limb  on  the  side  of  the  transversal  section  remains  sensitive,  and 
that  the  other  posterior  limb  loses  its  sensibility. 

It  is  not  necessary  to  stop  to  show  that  the«e  experiments  all  prove  that  the 
,  transmission  of  sensitive  impressions  made  on  one  side  of  the  body  takes  place, 
at  least  for  a  great  part,  along  the  opposite  side  of  the  .spinal  cord,  and  that  there 
is,  consequeotly,  a  crossing  of  the  sensitive  nerve-fibres  of  the  spinal  cord. 

To  ascertain  the  degree  of  sensibility^  various  modes  of  excitation,  mechani- 
cal, galvanic,  physical  (i".  <".,  warmth  and  cold),  and  chemical,  were  used. 

A  proper  use  of  galvanism  and  of  a  red-hot  iron  arc  the  best  means  of  ascer- 
taining the  presence  and  the  degree  of  sensibility.  When  a  slight  galvanic  cur- 
rent is  employed,  it  gives  no  pain  if  applied  to  limbs  in  which  sensibility  is 
much  diminished.  In  making  use  alternately  of  galvanic  currents  of  different 
energies,  we  arc  enabled  to  find  what  is  the  degree  of  sensibility  of  the  different 
parts  of  the  body, 

There  cannot  be  any  doubt  that  these  ezpcrimeDts  prove  that  there  is  a  cnxr- 
ing  of  eensitive  nerve-fibres  in  the  spinal  cord,  but  there  are  some  questions  that 
they  do  not  so  clearly  solve,  and  such  are  the  following.  Do  all  the  sensitive 
fibres  cross  eacb  other  in  the  spinal  cord  ?  and  if  some  do  not,  what  is  their  pro- 
portion to  those  which  do  pass  from  one  side  of  the  cord  to  the  other?  The 
truth  is  that  very  nearly  oJl  the  sensitive  nerve-fibres,  coming  from  the  tmak 
and  limbs,  cross  each  other  in  the  spinal  cord,  and  that,  in  consequence,  the 
transmission  of  the  eensitive  impressions,  made  upon  one  side  of  the  body,  takes 
place  almost  entirely  along  the  opposite  side  of  the  spluul  cord.  This  eoncIusioB 
is  al^o  maintained  by  pathological  cases  detailed  by  the  author,  in  which  leeioni 
of  file  side  of  the  spinal  cord  in  Man  showed  the  same  rosults.' — En.] 

504.  It  is  no  less  difEcuIt  to  reconcile  with  the  experimental  results  already 
cited,  those  of  other  Physiologists,  which  appear  to  show  that  the  anterior  and 
posterior  divisions  of  the  Spinal  Cord  respeotively  minister  to  the  motions  of 
flexion  and  eitenaion.    This  notion,  which  originated  with  Bellengeri,' was  after- 

'  [Vide  "  Virf^inin  Medical  nnd  Surg.  Journ  ,"  Mnrch,  lRo6 — En.] 

•  *'D8  .MeduUl  Spinfili.  norvisfjue  cs  ei  projeuutiltis,"  Jfcc,  Tuiiu,  182S. 
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wards  tdvocatcd  by  Valentine,'  who  inferred  from  liis  experiments,  that  if  the 
ptMterior  column  of  the  Spinal  Cord  of  (be  Fro;?  be  irritated  at  the  point  at  which 
the  nerves  of  either  extremity  are  given-off,  that  extremity  is  extended,  and  that 
if  the  anterior  column  be  irritated,  the  eitreniity  is  JiexeJ ;  so  that,  since  he 
admitted  the  anterior  colamaa  to  be  chiefly  motor,  and  the  posterior  to  be  for  the 
most  part  sensory,  it  would  appear  that  the  motor  fibres  of  the  extensors  pass 
from  the  anterior  into  the  posterior  column,  whilst  those  of  the  flexors  are  con- 
tinued onwards  in  the  anterior  column.  Confirmation  of  this  inference  was 
obtained  by  Valentin  from  experiments  on  Mammalia;  and  it  is  borne-out,  in  his 
opinion',  by  pathological  pbenomcaa  observed  in  Man.  According  to  this  emi- 
nent pbysiolo^st,,  aliM),  reliixatton  of  the  sphincters  is  aoalogous  to  the  extended 
state  of  the  extremities;  and  he  has  noticed  a  manifest  rehixation  of  the  sphincter 
ani  in  the  fn^,  when  the  superior  part  of  the  spinal  cord  was  irritated,  so  as  to 
produce  extension  of  the  limbs.  The  experiments  of  Budge'  and  Engelhart,' 
however,  led  them  to  an  opposite  conclusion ;  for  it  appeared  to  them  that,  in 
Mammalia,  the  nerve-fibres  which  act  upon  the  extenmr  muselefl  are  contained  in 
the  anterior  columns,  and  those  of  the  Jlejrnr  muscles  in  the  posterior  columns; 
whilst,  as  regards  the  Frog*  the  nerve-fibres  connected  with  the  extensor  muscles 
appeared  to  be  situated  posteriorly  to  those  of  the  flexors.  The  experiments  of 
fiarless,*  again,  have  led  him  to  regard  the  vpjyer  part  of  the  spinal  cord  in  the 
Trog,  between  the  2nd  and  4th  vertebra  inclusive,  as  specially  concerned  in  the 
fteo-ion  both  of  the  anterior  and  posterior  extremities;  and  the  Itncer  part,  from 
the  5th  to  the  8th  vertebrae  inclusive,  as  in  like  manner  concerned  in  their  ex- 
tention. — Ail  these  results  can  only  at  present  be  accepted  as  iudicating  tliat  some 
BUch  special  arrangement  of  the  nerve-fibres  in  the  Spinal  Cord,  having  reference 
to  the  combination  of  different  muscular  actions  in  groups,  may  have  a  real 
existence;  there  is  far  too  little  accordance,  however,  among  the  phenomena 
de>cribed  by  different  observers,  to  enable  even  a  probable  statement  to  bo 
hazarded  in  regard  to  the  nature  of  this  arningcmcnt;  and  it  suciiis  quite  possi- 
ble that  it  may  vary  in  different  animals,  in  accordance  with  tbrir  rcNpeetive 
modes  of  progression.  As  far  as  Man  is  concerned,  we  have  no  evidence  but 
that  of  pathological  phenomena;  and  we  certainly  may  find,  in  many  forms  of 
convulsive  action,  an  indication  that  there  is  some  common  centre  or  tract  of 
motor  impulse  for  the  extensor  muscles  generally,  and  another  such  centre  or 
tract  for  the  flexors.^  * 

605.  We  have  now  to  consider  the  Spinal  Cord  as  an  independent  centre  of 
nervous  power,  and  to  inquire  whether  the  movement.^  which  are  excited  through 
ita*  reflex'  activity  necessarily  involve  sensiition.     These  movements  are  most 
characteristically  displayed,  when  the  Spinal  Cord  is  cut-off  from  comumnicalion 
with  the  higher  Nervous  centres ;  probably  rather  because  the  nerve-furci;  excited 
by  the  impression  reacts  through  the  Spinal  ganglion  to  which  it  is  conveyed,  when 
it  can  no  longer  pass-on  tn  the  Encephalic  centres  (§  460),  than  because  (as  soma 
suppose)  the  impulse  to  reflex  movement  is  ordinarily  neutralized  and  rendered] 
inoperative  by  an  effort  of  the  wilt.     It  is  true  that  those  reflex  actions  of  the^ 
Spinal  Cord  which  are  necessary  to  the  maintenance  of  Organic  life,  and  wliich 
■re  equally  performed  whether  the  Spinal  axis  be  in  couimuuication  with  the 
liighor  Encephalic  centres  or  not,  are  continually  modified  or  temporarily  sus- 
pended by  the  Will;   but  this  is  only  when  ye  consciously  bring  the  Will  toj 
bear  upoo  them ;  and  it  is  oo  less  certain  that  we  are  not  cantinually  making] 

*  ••  He  Punctionibufl  NerTorum  CerebraUuro  et  Nerri  Syropalblci,"  B«mie,  1880. 
'  "  UDtersiichuDgen  fiber  tlaa  Nerfeiisystem,"  1841. 

•  ••  Muller'a  Archi?.,"  heft  3,  1841.  '  "  MliUer's  Archiv.,"  184Q. 
*Tba9  in  »  case  of  Hysterio  Pftraplp^gin,  which  was  for  Borne  time  under  the  Authoi'a 

pbservatioD.  the  extensors  onlj  of  the  iimbs  were  paralysed,  the  will  retaining  its  oriiinar; 
power  over  the  flexors.  And  iu  ordinary  Crump,  of  which  the  patient  just  mentioned  «aa 
■ubjecl  to  eitremely  severe  attaclis,  the  flexor?  alone  are  usuaUy  in  sction. 
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any  »ueh  exertions,  in  ordtr  to  antagonize  niorements,  which  (as  we  learn  froB  "^ 
Pathological  evidence),  would  be  continually  excited  but  for  tbis  neatralijdng 
infiucDce,  if  such  a  doctrine  were  correct. — The  readiest  demoDstnition  of  ;he 
independent  power  of  the  Spinal  Cord,  is  derived  from  the  motions  exhibited  by 
the  limbs  of  animals,  when  irritation  is  applied  to  them  after  section  of  the  Spinal 
Cord  at  some  point  above  the  entrance  of  their  nerves;  the  fact  that  theMmove- 
meats  are  reflected  through  the  Cord,  and  are  not  the  product  of  direct  stimula* 
tion  applied  to  the  part  irritated,  beiofr  shown  by  their  complete  cessation  when 
the  nerve-trunks  are  divided,  or  the  Bubstance  of  the  Spinal  Cord  is  broken-down. 
Thus,  if  a  Frog  be  decapitated,  its  body  remains  supported  on  ita  limb?  in  the 
neual  position,  and  will  recover  this  if  it  he  disturbed ;  irritation  of  the  feet  will 
cause  it  to  leap;  and  tickling  the  cloaca  with  a  probe  wUl  excite  efforts  to  push 
away  the  instrument.^  It  ia  to  be  observed  that  a  slight  irritation  applied  to  (he 
peripheral  exlreviitiet  of  the  afferent  nerves,  is  a  more  powerful  excitor  of  reflex 
action,  than  a  nuich  stronger  iiDpreesion,  which  occa<iions  acute  pain,  applied  to 
their  triinkf  ;  thus  Mr,  Grainger  found  that  he  could  remove  the  entire  hind-leg 
of  a  Salamander  with  the  seiseors,  without  the  creature  moving,  or  giving  any 
expreesion  of  suffering,  if  the  Spinal  Cord  had  been  first  dinded;  yet  that  by 
irritation  of  the  foot,  especially  by  heat,  in  an  animal  similarly  circumstanced, 
violent  convulsive  actions  were  excited  in  the  leg8  and  tail.  This  fact  is  import- 
ant, not  only  as  showing  the  comparatively -powerful  effect  of  impressions  upon 
the  cutaneous  surface,  but  also  as  proving  how  little  relation  the  amonnt  of  reflex 
action  has  to  the  intensity  of  sensation. 

606.  That  the  movements  executed  by  the  limbs  of  the  lower  animals,  when 
these  are  no  longer  connected  by  the  Spinal  Cord  with  the  Kncepbalon,  bat 
remain  in  nervous  connection  with  the  Cord  itself,  do  not  take  place  through  the 
intermediation  of  sensation,  might  be  supposed  to  be  sufficiently  proved  by  the 
simple  fact,  that  division  of  the  Cnrd,  in  Man,  and  hence  by  inference  in  the 
lower  animals,  reduces  the  parts  below  to  a  state  of  complete  insensibility.  But, 
on  the  other  hand,  the  very  performance,  by  decapitated  animals  of  inferior  tribes, 
of  actions  which  had  not  been  witnessed  in  Man  under  similar  circumstances,  has 
been  held  to  indicate,  that  the  spinal  cord  in  them  has  an  endowment  which  hit 
does  not  possess.  The  possibility  of  such  an  explanation,  however  unconformable 
to  that  analogy  throughout  organized  nature,  which,  the  more  it  is  studied,  the 
more  invariably  is  found  to  guide  to  truth,  could  not  be  disproved.  Whatever 
experiments  on  decapitated  animals  were  appealed-to,  in  support  of  the  doctrine 

'  It  haa  been  pointed-out  by  Messrs.  Todd  and  Bowman,  ("  Physiological  Anatomy,** 
p.  281,  Am.  EJ.},  that  the  Spinal  Cord  of  tbc  male  frog,  at  the  apason  of  copulation,  naturallj 
possesses  a  slute  of  most  extraordiniiry  excitafiilitj.  Tht  thumb  of  ench  anterior  extrvmftj 
at  tliis  seuion,  becomes  oiiusidemhly  enlarged  :  tie  is  wdl  known  to  NaturAlists.  ••Thii 
enlargement  is  caused  principal! j?  by  a  considerable  development  of  the  papillNry  structurt 
of  the  akin  which  covers  it;  so  that  Urge  papiUs  are  formed  all  over  it.  A  male  frog,  tt 
tbis  sen  SOD,  has  an  irresistible  propensity  to  cling  to  any  ubject,  by  seising  it  between  his 
anterior  eitremJtiea.  It  is  in  this  way  that  he  seiies-upon,  and  cling»-to  the  female; 
fixing  his  thumbs  to  each  side  of  her  abdomen,  and  remaining  there  for  weeks,  until  lb* 
(tvti  have  been  completely  expelled.  An  effort  of  the  Will  alone  could  not  keep  op  the 
grn^p  uninterruptedly  for  so  long  a  time  ;  yet  so  firm  is  the  hold,  that  it  can  with  difficulty 
be  relaied.  Whatever  ia  brought  in  the  way  of  the  thumbs,  will  be  caught  by  the  forcible 
contraction  of  ttie  anterior  limbs  ;  and  hence  we  often  find  frogs  clinging  blindly  to  a  piwt 
of  wood,  or  a  dead  fish,  or  some  other  substance  which  they  may  chance  to  meet  with 
If  the  tinger  be  placed  between  the  anterior  extremities,  they  will  grasp  it  firmly;  dot  will 
they  relax  their  grasp  until  ihcy  ore  sop-iraled  by  force.  If  the  animal  be  aecapitat«-4, 
nhilst  the  finger  is  within  the  grasp  of  its  anterior  extremities,  they  still  continue  to  iio1d-on 
firmly.  The  posterior  half  of  the  body  may  bo  cut-away,  and  yet  the  anterior  extremilia 
Rtll  still  cling  to  the  finger;  but  immediately  Ihnt  the  segment  of  the  Cord,  from  whig 
ihe  anterior  extremitieB  derife  their  tifrvDi",  has  been  removed,  oil  their  motion  ceas 
This  curious  instinct  only  exists  during  tlie  period  of  seiual  excitement;  for  at  otix 
[leriuds  the  excitability  of  the  anterior  extremities  Is  considernbly  less  than  that  of  the 
poBterior." 


I 
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that  the  Encephulon  contaias  the  only  seat  of  sensibility,  could  he  met  by  a  simple 
denial  that  the  t^pinal  Cord  is  everywhere  as  destitute  of  that  eudowincnt,  as  it 
appears  to  be  in  Man.  The  ca.se8  of  profourxl  Sleep  and  Apoplexy  might  be  cited 
as  examples  of  reflex  action  without  consciousness;  but  these  have  been  met  by 
the  assertion,  that  in  such  conditions,  senaations  are  /elf,  though  they  are  not 
remembered.  It  is  difficult,  however,  to  apply  such  an  explauiitiou  to  the  case 
of  Anencephalous  human  infante  (in  which  all  the  ordinary  reflex  actir)ns  have 
been  exhibited,  with  an  entire  absence  of  brain),  without  supposing  that  the 
Medulla  Oblongata  is  the  seat  of  a  sensibility  which  we  know  that  the  lower  part 
of  the  Spinal  Cord  does  not  possess ;  and  of  this  there  is  no  evidence  whatever. — 
Experiments  on  the  lower  auinials,  then,  and  observation  of  the  pbcnoiuena  mani- 
fesied  by  apoplectic  patients  and  anenccphalous  infants,  miijht  lead  to  the  con- 
clusion, that  the  Spinal  Cord  does  not  itself  possess^  seusibility,  and  that  its  reflex 
notions  arc  independent  of  sensation.  At  this  conclusiion,  Unzer,  Prochaska,  Sir 
G.  Bline,  Flourens,  and  other  physiolo^sts,  had  arrived  j  but  it  was  not  until 
special  attention  was  directed  to  the  subject  by  Dr.  M.  Hall,  that  facts  were 
obtained  by  which  a  positive  statement  of  it  could  be  supported.  For  the  ques- 
tion might  have  been  continually  asked, — If  the  Spinal  Cord  in  Man  be  pre- 
oiwly  analogous  in  function  to  that  of  the  lower  Yertebnitu,  why  are  not  its  reflex 
phenomena  manifested,  when  a  portion  of  it  is  severed  from  the  rest  by  disease 
or  injury?  The  answer  to  this  question  is  twofold.  In  the  first  place,  simple 
division  of  the  cord  with  a  sharp  instrument  leaves  the  sepamted  portion  in  a 
state  of  much  more  complete  integrity,  and  therefore  in  a  state  much  mure  fit  for 
the  performance  of  its  peculiar  functions,  than  it  ordinarily  is  after  disease  or 
violent  injury;  and  as  the  former  method  of  division  is  one  with  which  the 
Physiologist  is  not  likely  to  meet  in  Man  as  a  result  of  accident,  and  which  he 
caoDot  experimentally  put  in  practice,  the  cases  in  which  reflex  actions  would 
be  manifested  are  likely  to  be  eoinparutivcly  few.  But  secondly,  a  sufficient 
number  of  such  instances  have  now  been  accumulated  to  prove  thiit  the  ocour- 
reoce  is  by  no  means  so  rare  as  might  huve  been  supposed  ;  and  that  nothing  is 
required  but  patient  observation,  to  throw  a  great  light  on  this  interesUui»  ques- 
tion, from  the  phenomena  of  disease,  A  most  vnluahle  coileiJtion  of  such  cases, 
occurring  within  his  own  experience,  has  been  published  by  Dr.  W.  Buddj^  and 
the  leading  facts  observed  by  him  will  be  now  enunji-rnted. 

507.  In  the  first  case,  paraplegia  was  the  result  of  angular  distortion  of  the 
spine  in  the  dorsal  region.  The  sensibtlity  of  the  lower  extremities  was  ex- 
tremely feeble,  and  the  power  of  voluntary  motion  was  almost  entirely  lost. 
"  When,  horrever,  any  part  of  the  skin  is  pinched  or  pricked,  the  limb  that  is 
thus  acted-on  jumps  with  great  vivacity ;  the  toes  are  retracted  towards  the  in- 
step, the  foot  is  raised  on  the  heel,  and  the  knee  so  flexed  as  to  raise  it  off  the 
bed  ;  the  limb  is  niMintuined  in  this  state  of  tension  fur  several  seconds  after  thtj 
withdrawal  of  the  stimulus,  and  then  becomes  suddenly  relaxed."  "  In  general, 
while  one  leg  was  convulsed,  its  fellow  remained  quiet,  unless  stimulus  was 
applied  to  both  at  once."  "  In  these  instances,  the  pricking  and  pinching  were 
perceived  by  the  patient;  but  7nuch  more  vw/rn^  contractions  are  excited  by  a 
stimulus,  of  whoM  prescj\(:e  he  ix  un<on!!ciou4i.  When  a  feather  is  passed  lightly 
over  the  skin,  in  the  hollow  of  the  instep,  as  if  to  tickle,  convulsions  occur  in 
the  corresponding  limb,  much  more  vigorous  than  those  induced  by  pinching  or 
pricking;  they  succeed  one  another  in  a  rapid  series  of  jerks,  which  are  repeated 
as  long  as  the  stimulus  is  maintained."  "  When  any  other  part  of  the  limb  is 
irritated  in  the  same  way,  the  convult^ions  which  ensue  are  very  feeble,  and  much 
less  powerful  than  those  induced  by  pricking  or  pinching."  "  Convulsions,  iden- 
tical with  those  already  dcf^cribed,  are  at  all  times  excited  by  the  acts  of  defeca- 
tion and  micturition.  At  these  times,  the  convulsions  are  much  more  vigorous 
than  under  any  other  circumstances,  insomuch  that  the  patient  has  been  obliged 
'  "  Me<lioo-Chirurgioal  Traneactioas,"  toI.  xxii. 
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to  resort  to  meobanical  means  to  pecure  his  person  while  engaged  in  these  adt. 
Daring  the  act  of  expulsion,  the  convulsiooB  sacceed  one  another  rapidly,  th« 
urine  is  disobarped  in  interrupt^^d  jets,  and  the  passage  of  the  faeces  suffers  a 
like  interruption."  The  convulsions  arc  more  vigorous,  the  greater  the  accumo- 
lation  of  urine;  and  itjToIuntary  contractions  occur  whenever  the  bladder  \» 
distended,  and  also  when  the  desire  to  relieve  the  rectum  is  manifested.  "In 
all  these  circuniBtances,  the  convulsions  are  perfectly  involuntary;  and  he  is 
unable,  by  any  effort  of  the  will,  to  control  or  moderate  tbem."  The  patient 
subsequently  regained,  in  a  gradual  manner,  both  the  sensibility  of  the  lomr 
extremities,  and  voluntary  power  over  them  ;  and  as  voluntary  power  increased, 
the  susceptibility  to  involuntary  movements  diminished,  as  did  also  their  exleat 
and  power, — This  case,  then,  exhibits  an  increased  tendency  to  perform  reflex 
actions,  when  the  control  of  the  brain  was  removed;  and  it  also  shows  that  a 
slight  impression  upon  the  tyr/acCf  of  which  the  patient  was  not  conscious,  was 
more  efficacious  in  exciting  reflex  movements,  than  were  others  that  more  power- 
fully affected  the  sensory  organs. — It  should  be  added  that,  in  the  foregoing  case, 
the  nutrition  of  the  lower  extremities  was  not  impaired,  as  it  is  in  most  cases  of 
paraplegia;  the  rationale  of  this  phenomenon^  which  is  to  be  constantly  oheerred 
when  the  reflex  actions  of  the  part  remain  entire^  will  be  understood  by  reference 
to  §§  358,  516. 

508.  In  another  case,  the  paralysis  was  more  extensive,  having  been  produced 
by  an  injury  (resulting  from  a  fall  into  the  hold  of  a  vessel)  at  the  lower  part 
of  the  neck.  There  was  at  first  a  total  loss  of  voluntary  power  over  the  lower 
extremities,  trunk,  and  bonds;  slight  remaining  voluntary  power  in  the  wrists, 
rather  more  in  the  elbows,  and  still  more  in  the  shoulders.  The  intercostal  nms- 
cles  did  not  participate  in  the  movements  of  respiration.  The  sensibility  of  the 
hands  and  feet  was  greatly  impaired.  There  were  retention  of  urine,  and  inrft. 
luntary  cvacuntion  of  the  faeces.  Recovery  took  place  very  gradually ;  and  inr* 
ing  its  progreB.s,  several  renmrknble  phenomena  of  reflex  action  were  observed. 
At  first,  tickling  one  sole  excited  to  movement  that  limb  only  which  was  acted- 
upon;  afterwards,  tickling  either  sole  excited  both  legs,  and,  on  the  26th  day, 
not  only  the  lower  extremities,  but  the  trunk  and  upper  extremities  also.  Irri- 
tating the  soles,  by  tickling  or  otherwise,  was  at  first  the  only  method,  and  slwaji 
the  most  efficient  one,  by  which  convulsions  conld  be  excited.  From  the  26ih 
to  the  C9ih  day,  involuntary  movements  in  all  the  palsied  parts  continued  pow- 
erful and  extensive,  and  were  excited  by  the  following  causes :  in  the  lower 
extremities  only,  by  the  passage  of  fiatus  from  the  bowels,  or  by  the  contact  of  • 
cold  urinal  with  (he  penis;  convulHons  in  the  upper  extremities  and  rmtik, 
nttended  with  sighing,  by  plucking  the  hair  of  the  pubes.  On  the  4l8t  day,  i 
hot  plate  of  metal  was  applied  to  the  soles,  and  was  found  to  be  a  more  powerful 
excitor  of  movement  than  any  before  tried.  The  movements  continued  as  lonsj 
as  the  hot  plate  was  kept  applied;  but  the  same  plate,  at  the  common  tempera- 
ture, excited  no  movements  after  the  first  contact.  Though  the  contact  wai 
distinctly  felt  by  the  patient,  na  tetiKafion  of  heat  was  perceived  by  him,  even 
when  the  plate  was  applied  hot  enough  to  cause  vesication.  At  three  different 
intervals,  the  patient  took  one-eighth  of  a  grain  of  strychnia  three  tiroes  a  6»j. 
Great  increase  of  susceptibility  to  involuntary  movements  immediately  followed, 
and  they  were  excited  by  the  slightest  causes.  No  coitvulsions  of  the  upper 
extremiticB  could  ever  be  prnduced,  however,  by  irritating  their  integument; 
though,  under  the  influence  of  strychnia,  pulling  the  hair  of  the  head,  or  tick* 
ling  the  chin,  would  occasion  violent  spasmodic  actions  in  them.  Spontaneous 
convulsions  of  the  palsied  parts,  which  occurred  at  other  times,  were  more  fit' 
quent  and  more  powerful  after  the  use  of  strychnia-  On  the  first  return  of 
voluntary  power,  the  patient  was  enabled  to  restrain  in  some  measure  the  excited 
jiovcmenfs;  but  this  required  a  distinct  effort  of  the  will ;  and  his  first  att'-mpti 
lo  walk  were  curiously  affected  by  the  persistence  of  the  susceptibility  to  excited 
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involnntary  movements.  When  he  first  attempted  to  stand,  the  knees  imme- 
di«li]y  became  forcibly  bent  under  him  ;  thia  action  of  the  legs  beins  excited  by 
contact  of  the  soles  with  the  ground,     Oa  the  95th  day  this  effect  did  not  talfe 

Elace,  until  the  piiticnt  hfid  made  a  few  steps;  the  legs  then  bad  a  tondt-ucy  to 
end-up,  a  movement  which  he  counteracted  by  rubbing  the  surface  of  the  belly; 
this  rubbing  excited  the  txtensors  to  aetiotij  and  the  legs  became  extended  with 
a  jerk.  A  few  more  steps  were  then  ma*Je,  the  manoeuvre  was  repeated,  and  so 
on.  This  susceptibility  to  involuntary  movements  from  impressions  on  the  soles^ 
jrradually  diminished;  and  on  the  141st  day,  the  patient  was  able  to  walk  about, 
supporting  himself  on  the  back  of  a  chair  which  he  pushed  before  btm  ;  but  his 
gait  was  unsteady,  and  much  resembled  that  of  chorea.  Sensation  improved 
very  slowly:  it  was  on  the  153rd  day  that  he  first  slightly  perceived  the  heat  of 
the  metal  plute« — Now  in  this  case^  the  abulition  of  common  sensation  was  not 
so  complete  as  in  the  former  instance;  but  of  the  peculiar  kind  of  impression, 
which  was  found  most  efficacious  in  exciting  reflex  movements,  no  congciott-ajic^ 
tchatcvvr  wa»  experienced.  Not  less  interesting  was  the  circumstance,  that  con- 
TulsioDS  could  be  readily  excited  by  tmpresstona  on  surfaces  ahnve  the  seat  of 
injury:  as,  by  pulling  the  hair  of  the  scalp,  a  sudden  noise,  and  so  on.  This 
proves  two  important  points :  first,  that  a  lesion  of  the  cord  may  be  such  as  to 
intercept  the  transmission  of  voluntary  influence,  and  yet  may  allow  the  Irans- 
inission  of  that  reflected  from  incident  nerves.  Secondly,  that  all  influences 
from  impressions  on  incident  nerves  are  diflfused  through  tho  cord ;  for,  in  the 
instance  adduced,  the  reflected  influence  was  undoubtedly  not  made  to  deviate 
into  the  c*>rd  by  the  morbid  condition  of  that  organ,  but  followed  its  natural 
course  of  diflFusiou,  being  rendered  manifest  in  this  case  by  the  convulsions  which 
were  excited,  in  couiie<iuence  of  increased  activity  of  the  motor  function  of  the 
cord  Jl  is  further  interesting  to  remark,  that,  in  the  foregoing  case,  the  reflex 
actions  were  very  feeble  during  the  first  seven  days,  in  comparit'on  with  their 
subsequent  energy;  being  limited  to  slight  movements  of  the  feet,  which  could 
not  always  be  excited  by  tickling  the  soles.  (In  another  c.ise  of  very  similar 
ehamcter,  it  was  throe  days  after  the  accident,  befure  any  reflex  action:'^  could  be 
produced.)  It  is  evident,  then,  that  the  spinal  cord  must  have  been  in  a  state 
of  concussion,  which  prevented  the  manifestation  of  its  peculiar  functions,  so 
long  as  this  cflect  lasted  ;  and  it  is  easy,  therefore,  to  perceive,  that  a  still  more 
Revere  shock  might  permanently  destroy  its  power,  so  as  to  prevent  the  exhibi- 
bition  of  any  of  the  phenomena  of  reflex  action. 

5(^9.  So  many  cases  of  this  kind  have  now  occurred,  that  it  may  be  considerc<l 
as  a  demonstrated  fu^et,  that  the  4Spiiial  Cord,  or  insulated  portions  of  it,  may  sen'e 
in  Man,  no  less  than  in  the  lower  animals,  as  the  centre  of  very  energetic  reflex 
actions,  when  the  Encephalic  power  whicb  ordinarily  operates  through  it  is  sus- 
pended  or  destroyed,  or  when  it  is  prevented  from  influencing  the  Spinal  nerves 
by  such  an  injury  to  the  Cord  above  their  points  of  connection  with  it,  as  prevents 
ibe  transmission  of  nervous  polarity:  and  it  is  further  evident  that  these  move- 
ments are  not  more  dependent  upon  Sensation,  than  they  arc  upon  the  Will, 
since  tliey  may  be  e.\eited  without  the  consciousness  of  the  individual,  even  when 
this  is  fully  directed  to  the  part.'  And  we  thus  have  adei[uatc  ground  for  the 
assertion,  that  the  movements  which  may  be  called-forth  by  stimulation  in  the 
8tat«a  of  profound  Sleep  or  Coma,  are  not  to  be  held  to  indicate  that  sensation  is 
even  momentarilj  excited;  since  we  know  that  the  reflex  power  of  the  Spinal 
Cord  may  be  called  into  action  by  impressions  which  do  not  travel  onwards  to 

*  The  Aatbor  is  iofonned  by  his  friend  Mr.  Paget,  that  among  the  notes  left  by  John 
Htitiler  (which  furnished  BOiue  of  the  materinls  for  the  admirable  Catalogue  of  (he  Patho 
logical  portion  of  the  Uunterian  Museum  drawo-up  by  Mr.  Piiget),  there  was  the  record 
«f  a  case  of  paraplegia,  ta  which  it  appeared  that  Hunter  had  witncEued  reflex  moTcraccta 
of  the  legs,  io  which  aensation  did  not  porticipnte.  When  the  patient  wns  naked  whether 
he/rtt  the  irritation,  bj  whieh  the  motions  were  excited,  he  uguificaiitly  replied — glaacing 
•t  bi»  linil**, — "  No,  Sir,  but  you  see  my  Itgi  do." 
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the  sensorium,  or  which  are  powerless  to  affect  the  cnnociooBneM  even  when  tbry 
arrive  there.  These  aboororaJ  reflex  actions  of  the  Spinal  Cord  of  Man,  though 
often  powerful,  have  much  less  rptjularity  and  apparent  purpoxivenrtSy  than  La've 
the  movemenlfi  executed  by  the  lower  Vertebrata  (aa  the  Frog,  §  505)  after  de- 
capitation or  section  of  the  cord ;  the  tatter  approaching,  in  respect  to  these 
(ITuditie^,  to  the  reflex  movements  of  Articulated  animals.  It  must  not  hence  bo 
inferred,  however,  that  there  is  any  essential  difference  in  the  endowments 
Spinal  Cord,  between  Man,  nnd  the  lower  aniinnls;  or  that  any  prifchical 
exists  in  the  latter  case,  whieh  is  wantinj;  in  iho  former.  We  hove  already  sera 
that  the  existence  of  oven  the  most  perfectly-adapted  combination  of  different 
muscular  actions,  all  obviously  hearing;  upon  a  definite  object,  cannot  in  itceif 
justify  our  attributing  this  combination  to  design  or  voluntary  choice  on  the  part 
of  the  organism  that  executes  it  (§  459)  j  whilst,  on  the  other  hand,  to  remove 
those  movements  in  any  ease  from  the  category  oi automatic  actions,  vrould  be  to 
a.saign  to  the  Spinal  Cord  a  power  of  consciously  selecting  and  directing  them, 
such  as  we  have  every  reason  for  bt'lieviop  to  be  limited  to  the  higher  parts  of  the 
Cerebro-Spiuul  centres.  Now  the  very  uni/ormifi/  of  the  movements  in  question, 
is  itself  an  indication  that  they  do  not  proceed  from  any  purposive  choice,  but 
depend  upon  the  special  endowment*  of  those  centres  of  reflex  action,  whence  tie 
impulsefl  that  call  them  forth  inimediutely  issue  to  the  nerves ;  and  heoce  the 
more  marked  ndaptiveness  of  the  reflex  actions  performed  by  many  of  the  lower 
tribes  of  animals,  can  only  be  held  to  indicate  that  a  larger  sbaro  of  such  adapta- 
tion is  effected  in  them  by  what  may  bo  termed  the  mechanism  of  their  nervoo* 
centres,  and  that  less  ia  lef^  to  voluntary  choice  and  direction,  which  can  only  be 
Kifely  trusted  where  a  considerable  amount  of  intelligence  exists  to  guide  it; — 
a  conclusion  which  accords  well  with  what  has  been  already  stated,  respecting  the 
structural  differences  that  seem  to  exist  between  the  Spinal  Cord  of  Man,  and 
that  of  the  inferior  Vertebrata  (§  487). 

510.  The  endowments  of  the  McduUa  Oblongata  do  not  seem  to  differ  from 
those  of  the  Spinal  Cord  in  any  other  respect,  than  in  the  speciality  of  the 
reflex  movements  to  which  it  miniaters.  This  part  of  the  Cranio-Spinal  Axis 
has  been  regarded  by  some  Physioloi^ists,  indeed,  as  the  peculiar  seat  of  vitality; 
since,  although  the  other  Encephalic  masses  may  be  withdrawn  frono  above,  and 
nearly  the  whole  of  the  Spinal  Cord  may  be  removed  from  below,  without  the 
destruction  of  life,  yet  a  complete  stop  is  put  to  the  current  of  vital  action  when 
the  Medulla  Oblongata  ia  destroyed.  But  the  dependence  of  the  vital  activity 
of  the  body  geaerally  upon  the  functional  integrity  of  this  part  of  the  nervous 
system,  is  simply  consoqucut  upon  the  fact,  that  the  ftleduUa  Oblongata  contains 
the  ganglionic  centre  of  the  Respiratory  movements ;  upon  the  continuance  of 
which,  as  already  shown  (Clinp.  VJi.  Sect.  3),  the  continuance  of  the  Circulation 
is  dependent,  and  with  this,  the  maintenance  of  the  Organic  functions  generally. 
It  is  also  the  ganglionic  centre  of  the  nerves  of  Deglutition ;  the  abolition  of 
which  function  must  of  course  be  destructive  to  life,  though  less  speedily  than 
t  bat  of  Respiration. 

511.  Hence  the  Spinal  Cord,  with  its  Encephalic  prolongation,  may  be  said 
U>  supply,  by  its  'reflex  power^'  the  conditions  requisite  for  the  mnintcnanct  of 
(he  variiiua  miucular  movemfiifs  whuk  are  euentinf  to  the  continuance  of  iht 
Orijnnic  processes;  and,  as  Dr.  M.  Hull  has  pointed  out,  it  especially  govern* 
the  various  orifices  of  ingress  and  egress. — Thus,  the  act  of  Deglutition  is  entirely 
dependent  upon  the  Spinal  Axis  and  the  nerves  proceeding  from  it;  the  WiU 
being  in  no  other  way  concerned  in  it,  than  by  originating  the  neceRsary  sumu- 
lus;  and  even  sensation  not  being  a  necessary  link  in  the  chain  of  excito-motor 
action  (§§  80 — 82),  The  action  of  the  cardiac  sphincter,  again,  —  and  probably 
that  of  the  pyloric  sphincter  also,  —  is  dependent  upon  its  nervoua  connection 
with  the  Sj'iiial  Axis;  and  is  entirely  regulated  without  sensorial  excitement 
(§  82)      And  there  is  much  reason  to  believe  tbat  certain  of  the  moveuieuta  of 
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the  Stomach  itaelf  are  in  like  mnnnor  dependent  upon  its  connection  with  the 
Medulla  Oblongata  (§  84),  although  there  is  evidenee  that  it  possesses  an  inde- 
pendent motor  activity  of  iis  own.  The  moveuieuts  of  the  Intestinal  tube  are 
unquestionably  influenced  by  the  8ptntil  Cord,  althmigh  eesentiajly  independent  of 
it  (§§  86,  87) ;  but  the  sphincter  which  surrounds  its  oriticc  of  egress  is  un- 
doubtedly placed  under  its  guardiiinsbip,  although  partly  subjected  {\n  Man)  to 
the  control  of  the  Will.  The  same  may  be  said  of  the  ej-puhnr  muscles  con- 
cerned in  the  act  of  Defecation  ;  and  uf  the  expulaors  and  Bt>biocter  which  effect 
and  control  the  act  of  Urination  (§  88).  —  Looking,  again,  at  the  movemeutB 
which  are  subservient  to  the  Respiratory  process,  we  find  that  all  those  which  are 
essential  to  ita  rej^ular  uiaiutenunce  are  performed  through  the  intermediation  of 
the  Spinal  Axis  alone ;  that  the  Will  has  only  such  a  limited  power  over  them, 
as  to  bring  them  into  harmony  with  its  other  requirements,  as  in  the  acts  of 
Tocaliration  and  in  extraordinary  muscular  exertions.^  and  that  the  stimulus  by 
which  they  are  commonly  maintained  does  not  even  affect  the  conpoiousness,  the 
*  besoin  de  respirer'  only  becoming  scitsible  when  the  respiratory  process  is  being 
imperfectly  performed  (§§  2i>9 — 302).  Not  only  are  the  ordinary  respiratory 
movements  performed  through  this  channel!,  but  the  aperture  of  the  Glottis  is 
regulated  by  it,  in  everything  that  concerns  the  respiration ;  and  either  by  its 
spa^^modic  cloRure  against  the  entrance  of  unfit  subfttances,  or  by  the  expulsor 
effort  of  coughing  which  is  oxcitcd  by  them  when  they  do  find  their  way  into 
the  air-passages,  these  passages  are  kept  free  from  solid,  li<{uid,  or  gaseous  par- 
ticles, whose  presence  in  them  would  be  injurious.  —  In  the  expulsion  of  the 
G«Derative  products,  also,  the  reflex  power  of  the  Spinal  Cord  takes  an  important 
share.  The  muscular  contractioaH  which  produce  the  Emissio  Seminis  are  excito- 
motor  in  their  nature;  being  independent  of  the  Will,  and  not  capable  of  re- 
straint by  it  when  once  fully  excited ;  and  being  f like  those  of  Deglutition)  ex- 
citable in  DO  other  way  than  by  a  particular  local  trritation.  It  has  been  shown 
by  experiment,  and  also  by  pathological  observation,  that  the  separation  of  tho 
lower  portion  of  the  Spinal  Cord  from  the  upper  does  not  prevent  these  move- 
mentfi  from  being  excited,  although  the  act  is  then  UDaccompanied  with  sensa- 
tion, which  proves  that  sensation  is  not  essential  to  its  pcrforuiauee;  on  the  other 
hand,  the  power  of  emission  is  annihilated  by  destruction  of  the  lower  portion 
of  the  Spinal  Cord,  or  by  section  of  the  nerves  which  supply  the  genital  organs. 
The  act  of  Parturition,  however,  seems  to  be  less  dependent  upon  the  Spinal 
Cord;  for,  as  will  be  shown  hereafter  (Chap,  xvi.,  Sect.  3),  the  oontraetions  of 
the  Uterus,  which  are  alone  suflicieat  to  exjjcl  the  foetus  when  there  is  no  con- 
siderable resistance,  are  not  to  be  regarded  as  '  reflex ;'  and  it  is  only  in  the  co- 
opcraiion  of  those  associated  muscles  which  come  into  play  in  the  second  stage 
of  labour,  when  the  head  is  passing  through  the  os  uteri  and  is  engaged  in  the 
p«lvio  cavity,  that  the  assistance  of  the  Spinal  cord  and  its  nerves  is  calted-in. 
These  movements,  like  those  of  Defecation,  may  be  to  a  certain  extent  promoted 
or  restrained  by  voluntary  effort;  but  when  the  exciting  influence  (the  pressure 
of  the  head  against  the  parietes  of  the  v^aginal  canal)  has  once  been  fully  brought 
into  operation  by  the  uterine  contnictions,  the  Will  has  little  power  over  them, 
either  in  one  way  or  the  other.  The  antagonizing  influence  of  the  sphincter 
vagioaB  seems,  like  that  of  the  sphincter  ani,  to  be  dependent  upon  the  Spinal 
Cord ;  and  thus  it  happens  that  when  its  tension  and  that  of  other  muscular 
parts  has  been  destroyed  by  death,  whilst  the  uterus  still  retains  its  contractility, 
the  power  of  the  latter  has  suiSced  for  the  completion  of  the  parturient  process, 
the  child  being  expelled  after  the  respinitory  moven^ents  have  coascd. 

512.  The  Spinal  Axis  is  not  merely  the  instrument  whereby  the  movements 

essential  to  the  maintenance  of  the  Organic  functions  are  sustained;  it  is  also 

subservient  to  other  muscular  actions,  whose  character  is  essentially  protectim. 

Thus  it  was  ascertained  by  Dr.  M.  Hall'  that,  if  the  functious  of  the  Brain  br 

*  *•  Memoir*  on  the  Nerrous  Sjiteta,"  1837,  p.  61. 
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suspended  or  destroyed,  without  injury  to  the  Ppinal  Cord  and  ita  nerves,  the 
Orbicularis  imiselewill  contract,  bo  ns  to  occasion  the  closure  of  the  eyelids,  uprn 
their  tarsal  margin  beinp  touched  with  a  feather.  This  fact  is  interesting  in 
several  points  of  view.  In  the  first  place,  it  is  a  characteristic  example  of  no 
adaptive  action,  occurring  unJer  circumstances  in  which  volition  cannoi  bo 
imagined  to  guide  it,  and  in  which  there  is  no  valid  reason  to  believe  that  teoi 
tion  directs  it.  Further,  it  explains  the  Blnaost  irresistible  nature  of  the  t 
dencv  to  winking,  which  is  performed  at  short  intervals  by  the  contraction  of| 
the  OrLiculnris  muscle;  this  is  cvidenfly  a  reflex  action,  capable  of  beinp  i 
some  degree  reslrained  (like  that  of  respiration)  by  the  will,  but  only  until  snd 
time  88  the  etiniulus  (resulting  perhaps  from  the  collection  of  minute  particlfi 
of  dust  upon  the  eyes,  or  frouj  the  dryness  of  their  surface  in  consequence  o\ 
evnporatioTi,)  becomes  too  strong  to  be  any  longer  resisted.  The  nervous  channel 
through  which  this  action  is  performed,  is  completed  by  the  first  branch  of  lie 
Fifth  and  the  I'ortio  l>ura  of  the  seventh.  Again,  we  have  in  sleep  or  in  apo- 
plexy an  example  of  this  purely  spinal  action,  unbalanced  by  the  influence  of  the 
will,  which,  in  the  waking  state,  antagonizes  it  by  calling  the  levator  palpeb 
into  action.  As  soon  as  the  will  ceases  to  act,  the  lids  droop,  and  close  over  tbfr 
eye  so  as  to  protect  it ;  and  if  those  of  a  sleeping  person  be  separated  by  the  haitd, 
they  will  be  found  presently  to  return.  Here,  as  in  studying  the  respiratory  acd 
other  movements,  we  are  led  to  perceive  that  it  is  the  Urain  alone  which  is  torpid 
during  sleep,  and  whose  functions  are  affected  by  this  torpidity.  As  Dr.  M.  H»ll 
very  justly  remarks,  "the  Spinal  system  never  sleeps;"  it  is  constantly  in  nc* 
tivity;  and  it  is  thus  that,  in  all  periods  and  phases  of  Life,  the  movemeots 
which  arc  csscotiai  to  its  continued  maintenance  are  kcpt-up  without  sensible 
effort.— The  closure  of  the  pupil  against  a  strong  light,  is  another  movement  of 
the  fsime  protective  tendency.  The  contraction  of  the  movement  is  immediat^'lT 
cauficd  by  the  Third  pair,  or  Motor  Oculi,  as  is  easily  shown  by  irritating  the 
trunk  of  thut  nerve,  and  ob.<ierving  the  result;  but  the  stimulus  which  excites  it 
is  conveyed  tlirougli  the  Optic  nerve.  Yet  although  the  contraction  of  the  pupil 
is  usually  in  close  accordance  with  the  sevmtion  occasioned  by  (he  impression  of 
tight  upon  the  retina, j-et  there  is  evidence  to  prove  that  the  sensation  of  light  is 
not  always  necessary;  for  even  when  the  sight  of  both  eyes  has  been  entirely  de- 
stroyed by  amaurosis,  the  normal  actions  have  been  witnessed  in  the  pupil,  in 
accordance  with  the  varying  degree  of  tight  impinging  on  the  retina.  Suchca.<se8 
seem  to  indicate  that  the  motion  result.R  from  an  impressionr  upon  the  retina^ 
which  impression  being  conducted  to  the  Sensorium,  ordinarily  produces  a  sea- 
sation  ;  but  that  even  where  no  sensation  is  produced,  on  account  of  a  disordered 
state  of  the  part  of  the  ganglionic  centre  in  which  the  Optic  nerve  terminates,  if 
the  central  tract  which  connects  that  nerve  with  the  Third  pair  retain  its  integ- 
rity, the  reflex  contraction  of  the  pupiJ  may  still  be  excited  through  it.  The  raritj 
of  the  occurrence  is  easily  accouuted-for,  by  the  fact  that  in  most  cases  of  ama 
rosifl,  the  disease  lies  in  the  retina  or  in  the  trunk  of  the  nerve,  and  thercb 
checks  both  itH  spinal  and  its  encephalic  actions. — Although  we  are  not  at  preseni 
acquainted  with  any  similar  protective  movements,  in  the  Human  being,  designed 
to  keep  the  organ  of  Hearing  from  injury,  yet  there  can  be  little  doubt  that  those 
which  we  are  constantly  witnessing  in  other  animals,  possessed  of  large  external 
ears,  are  reflex  actions  excited  by  the  irritation  applied  to  them.  In  regard  totho 
None,  we  find  a  remarkably  complex  action — thut  of  Sneezing — adapted  to  drivi 
off  any  cause  of  irritation  (§  30G).  The  stimulus  is  conveyed,  in  this  case,  n 
through  the  Olfactory  nerve,  but  through  the  Fifth  pair ;  so  that  it  is  not  depe; 
dent  upon  the  excitement  of  the  sensation  of  Smell.  The  act  of  Coughing,  alsOi 
may  be  regarded  aa  of  a  protective  character ;  being  destined  to  remove  sources 
of  irritation  from  the  ak-passugcs.  Many  of  the  aut<vmntic  movements  performed 
by  the  limbs  of  Frogs  and  other  animals,  when  their  connection  with  the  brain 
has  been  cut  off  (^  505),  appear  destined  to  remove  these  parts  from  source* 
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of  irritatioQ  or  injury ;  aad  they  luaj  thus  bo  rightly  placed  under  the  same 

613.  The  fact  that  SenBation  is  very  commonly  a$aociat-ed  with  the  reflex 
•ctioDS  we  have  been  considering,  being  produced  by  the  impreiisioD  that  cieites 
them,  has  led  many  to  sup(>ose  that  it  noccasarilj  participates  in  them; — a  doc- 
trine which  we  have  seen  to  be  utiteiiable.  But  the  fiuestion  not  unnaturally 
arises,  ^hy  Sensation  should  so  constantly  parKcipate  in  ibese  operafinns,  if  not 
eeseotial  to  them ;  and  the  answer  to  this  (juostion  is  to  be  fuund  io  the  fact,  that 
it  is  only  through  sensation  that  a  higher  set  of  actions,  mental  and  bodily,  is 
railed  into  play,  which  is  essential  to  the  coisfinufJ  maintenancn  of  those  belong- 
ing to  the  present  category.  Illustrations  of  this  truth  might  be  drawn  from  any 
of  the  functions  already  noticed;  but  the  Ingestion  of  food  will  supply  us  with 
one  of  the  most  apposite.  We  have  seen  that  the  act  of  Deglutition  Is  in  itself 
independent  of  sensation  ;  anything  that  comea  within  the  grapp  of  the  phfiryn- 
peal  constrictors  being  conveyed  downwnrda  by  their  reflex  contraction,  just  aa 
anything  which  touches  the  arras  of  a  Polype  is  entrapped  by  them  and  drawn 
into  the  stomach.  Hut  this  action  is  attended  with  sensation,  in  the  ordinary 
Condition  of  the  higher  Animal,  apparently  in  order  that  guidance  may  be  thus 
aSbrded  in  the  performance  of  those  other  raovementa  of  prehension,  mastication, 
Arc,  by  which  the  food  may  bo  brought  within  reach  of  the  apparatus  of  deglu- 
tition; and  the  sensations  which  are  linked  with  thesCj  are  among  the  influcuces 
which  prompt  to  those  higher  mental  operations,  whereby  food  is  provided  for 
the  digestive  apparatus  to  make  use  of.  The  Zoophyte  is  dependent  for  its  sup- 
plies of  aliment,  upon  what  the  currents  in  the  surrounding  fluid,  or  other 
chances,  may  bring  iato  its  neighbourhood;  and  if  these  should  fail,  it  starves. 
The  anencephalous  Infant^  again,  can  swallow,  and  even  suck;  but  it  can  execute 
no  other  movements  adapted  to  obtaiu  the  supply  of  food  continually  necessary 
fnr  '\\»  maintenance,  because  it  has  not  a  mind  which  scDButious  could  awake  into 
activity.  The  sensation  connected  with  excito-motor  actions  has  not  only  this 
iinport.'int  end,  but  it  frequently  contributes  to  enjoyment,  ds  in  Suction  and 
Kjaculaiio  seminis.  The  sensation  accompanying  the  actions  of  this  class,  more- 
aver,  frequently  afibrda  premonition  of  danger,  or  gives  excitement  to  supplemen- 
tary actions  destined  to  remove  ilj  as  in  the  case  of  Respiration  ;  for  where  any- 
thing interferes  with  the  due  discharge  of  the  function,  the  uneasy  t;eni>ation  that 
enaucs  occasions  unwonted  movements,  which  are  more  or  less  adapted  to  remove 
the  impediment,  in  proportion  as  they  are  guided  by  judgment  as  well  as  by  con- 
sciousness. Again,  sensation  often  gives  warning  against  inconvenience,  as  in 
the  Excretory  functions;  and  here  it  is  very  evident,  that  its  purpf»sc  ic  not  nn!y 
(if  it  bo  at  all)  to  excite  the  associated  muscles  necessary  for  the  excretion,  but 
actually  to  make  the  Will  set  up  the  antagonizing  action  of  the  sphiuctcrs 
(88,89). 

614.  We  have  now  to  inquire  how  far  the  indepenJeut  action  of  the  Spinal  Cord 
is  concerned  in  the  geneml  muscular  niovementa  of  Man,  and  especially  in  the  loco- 
motive actions  of  his  iiift-rior  extremities.  On  this  point,  it  is  obvious  that  we 
must  not  be  guided  by  the  analogy  of  the  lower  animals ;  since  the  locomotive 
and  other  movements  of  Man  are  for  the  most  part  volitional  and  purposive,  and 
he  hasto  acquire  by  experience  that  controi  over  his  muscular  apparatus  which 
is  necessary  to  enable  him  to  perform  them;  whilst  in  lovertebrata  generally, 
and  in  a  large  part  of  the  lower  Yertebnita,  it  is  evident  that  the  movements  uf 
progression,  &c.,  which  are  characteristic  of  each  species,  come  under  the  general 
ciitegory  of  automatic  actions,  and  are  provided  for  in  the  original  organization 
of  its  nervous  centres,  being  performed  without  any  education,  and  under  circura- 
atanocii  which  render  the  notion  of  a  purpose  on  the  Animal's  own  part  quite 
untenable.  In  so  far  as  these  instinctive  movements  reuuire  the  guidance  and 
direction  of  sensations,  they  must  be  referred  to  the  '  consensual '  group ;  but 
clear  evidence  is  afforded  by  the  continuance  of  many  of  them  after  the  removal 
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of  the  centres  of  sensation,  that  they  arc  ezcitO'tnotor  in  their  character,  and  tbst 
they  require  na  Iiigher  centre,  than  the  ganglia  which  correspond  to  the  Spinal 
Cord  of  Man.'  There  can  be  little  doubt  that  the  habitual  naovements  of  loco- 
motion,  aud  others  which  have  become  *  secondarily  automatic,'  may  be  performed 
by  Man  (under  particular  eireumstancea)  through  the  agency  of  the  Spinal  Cord 
aloue,  uuder  the  guidance  and  direction  of  the  Sensorial  centres,  or  even  witlxjut 
such  guidance ;  the  required  condition  being,  that  the  influence  of  the  Cerebrum 
ahal!  be  entirely  withdrawn.  Thus^  numerous  Instances  are  on  record,  in  which 
soldiers  have  continued  to  viarch  in  a  sound  sleep;  and  the  Author  has  been 
assured  by  an  intelligent  witness,  that  he  has  seen  a  very  accomplished  pianist 
complete  the  perfortuonce  of  a  piece  of  music  in  the  same  state.'  A  case  has  been 
mentioned  to  him  by  his  friend,  Dr.  Williatn  Budd,  of  a  patient  labouring  under 
that  form  of  epilepsy  in  which  there  was  simply  a  temporary  suspension  of  eou- 
Bciousness  without  convulsion,  who,  whenever  the  paroxysm  came-on,  persisted  in 
the  kind  of  movement  in  which  he  was  engaged  at  the  moment;  and  thus  on  one 
occasion  fell  into  the  wat-er  through  continuing  to  walk  onwards,  and  freqnetitlj 
(being  a  shoemaker  by  trade)  wounded  his  fingers  with  the  awl  in  his  hand,  by  a 
repetition  of  the  movement  by  which  he  was  endeavouring  to  pierce  the  leather. 
Suob  facta  as  these  add  great  etrength  to  the  probability,  that  when  the  Cerebral 
power  is  not  suspended^  but  merely  directed  into  another  channel,  as  in  the  states 
of  Reverie  or  AbstractioHj  and  the  attention  is  entirely  drawn-off  from  the  move- 
ments of  locomotion,  the  continuance  of  these  is  duo  to  the  independent  auto- 
matic action  of  the  Spinal  Cord,  the  direcfion  being  given  to  them  by  the  Sen- 
sory Ganglia.  This  point,  however,  will  be  more  fully  considered  hereafter 
(§  540);  at  present  it  may  be  remarked,  that,  when  a  regular  train  of  movement? 
is  being  performed  under  sueh  conditions,  every  single  action  may  be  probably 
cegarded  as  affording  the  stimulus  to  the  next ;  each  contact  of  the  foot  with  the 
ground,  in  the  act  of  walking,  exciting  the  muscular  contractions  which  consti- 
tute the  next  step;'  and  each  movement  of  the  musician  prompting  that  which 
has  customarily  followed  it,  after  the  same  fashion. 

515.  Now  in  nil  these  cases,  it  acems  reasonable  to  infer,  that  the  same  kiod 
of  connection  between  the  excitor  and  motor  nerves  comes  to  be  formed  by  * 
prfx-oss  of  gradual  development,  as  originally  exists  in  the  ner\'ous  systems  of 
those  animals  whoso  movements  are  entirely  automatic ;  this  portion  of  the  nenous 
system  of  Man  being  bo  constitutj?d,  as  to  yrotc-io  the  mode  in  which  it  is 
babituaily  called  into  play.  Snob  an  idea  is  supported  by  all  that  we  know  of 
the  formation  aud  persistence  of  habits  of  ncrvo-muscular  action.  For  it  is  t 
matter  of  universal  experience,  that  such  habits  are  far  more  readily  acquired 
during  the  periods  of  infancy,  childhood,  and  youth,  tban  they  are  after  the 
attainment  of  adult  age;  and  that,  the  earlier  they  are  acquired,  the  more 
tenaciously  are  they  retained,  Nuw  it  is  whilst  the  organism  is  growing  most 
rapidly,  and  the  greatest  amount  of  ui-w  tissue  ia  consequently  being  formed, 
that  we  should  expect  such  new  connections  to  be  most  readily  established  ;  and, 
it  is  then,  too,  that  the  assimilative  processes  most  readily  take-on  that  new  mode 
of  action  (§  346),  which  often  becomes  so  completely  a  '  second  nature,'  as  to 
keep-up  a  certain  acquired  mode  of  DUtrition  through  the  whole  subsequent  life- 

'  See  "Prino.  of  Comp.  Phya.,"  Am.  Ed.,  |5  649-051. 

*  In  plBjing  by  memory  od  b  muaiciil  instrument,  the  muteular  flense  often  suggesTS  the 
sequence  of  movements  wltb  more  certainty  than  tLe  auditory ;  and  since  the  impressions 
derived  from  the  mnsclcs  may  prompt  and  regulate  eitccessiona]  movements,  withont 
affecting  tbe  consciousness,  there  is  no  such  improbability  in  the  above  BtatemeDts  as  might 
at  firat  itight  appear. 

*  The  truth  of  thia  view  seems  to  the  Author  to  be  strongly  supported  by  observation  of 
the  mode  in  whioh  Inrnnts  leAm  to  walk  ;  for  it  may  often  be  obsi'rred  tbnt  lonj:  bef'^rt 
they  can  stand,  they  will  inKdnotively  perforoi  the  movements  of  walking,  if  they  be  so 
supported  that  the  feet  touch  the  ground. 
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It  is  an  additional  and  mo»t  important  confirmation  of  this  view,  to  tind  that 
when  a  nt-rvc-trunk  has  been  out-acn.iss,  the  re-establishment  of  its  couduettve 
power  which  takes-place  after  a  certain  interval,  is  not  effected  bj  the  re-union 
of  the  divided  fibres,  but  by  the  Jevehpment  of  a  new  set  of  peripheral  fibres  in 
the  place  of  the  old  ones  (which  undergo  a  gradual  degeneration),  this  develop- 
ment proceeding  frotn  the  point  of  eectioD,  und  the  central  fibres  remaining 
unaltered.' — That  an  actual  eonlinuitj,-  of  nervL'-tibros,  however,  is  not  requisite 
for  the  establishment  of  those  connectiona  between  excilor  and  motor  nerves,  in 
which  the  central  organs  take  part,  seema  probable  from  the  fact,  that  under 
particular  circumstances  we  find  the  influence  of  such  impressions  radiating  in 
every  direction,  and  exteodint^  to  nerves  which  they  do  not  ordinarily  affect 
(Sect.  8).  Still  there  can  be  no  doubt  that  the  nerve-force  is  disposed  to  pans 
in  special  tracks;  and  it  seems  probable  that  whilst  some  of  these  are  originally 
marked-out  for  the  automatic  movements,  others  may  be  gradually  worn-iu  (so  to 
speak)  by  the  habitual  action  of  the  Will  ;  and  that  thus,  when  a  train  of 
sequential  actions  primarily  directed  by  the  Will  has  been  once  set  in  operation, 
it  may  continue  without  any  further  influence  from  that  source. 

516.  Another  manifestation  of  the  independent  power  of  the  Spinal  Cord,  is 
seen  in  its  influence  on  Musiular  T/iti^wn, — The  various  mu!*clea  of  the  body, 
even  when  there  is  the  most  complete  absence  of  effort,  maintain  in  the  healthy 
state  of  the  system,  a  certain  degree  of  firmness,  by  their  antagonism  with  each 
other;  and  if  any  set  of  muscles  be  completely  paralyzed,  the  opposing  muscles 
will  draw  the  part  on  which  they  act,  out  of  its  position  of  repose;  ns  is  well 
seen  in  the  distortion  of  the  face  which  is  characteristic  of  paralysis  of  the  facial 
nerve  on  one  side.  This  condition  has  been  designated  as  the  tone  of  the  Mus- 
oles;  but  this  term  renders  it  liable  to  be  confounded  with  their  fonic  coitlrartion, 
which  is  also  concerned  in  maintaining  their  firuiuess,  but  which  ia  a  manifesta- 
tion of  the  simple  contractility  of  their  tisKue,  and  is  eihiibited  alike  by  the  striated 
and  the  non-striuted  forms  of  muscular  fibre,  but  more  especially  by  the  latt'-r. 
^See  Princ.  of  Gen.  Phts.,  Am.  Ed.)  On  the  other  hand,  the  condition  now 
alluded-to,  which  may  perhaps  be  appropriately  termed  their  (amorit,  is  the  re.«ult 
of  a  moderate  though  continued  excitement  of  that  coTitraetility,  through  the 
nervous  centres-  It  baa  been  proved  by  I>r.  M.  Hall,  that  the  Muscular  Tension 
is  dependent,  not  upon  the  influence  of  the  Brain,  bat  upon  that  of  the  Spinal 
Cord;  as  the  following  experiments  demonstrate. — "Two  Rabbits  were  taken; 
from  one  the  bend  was  removed ;  from  the  other  al.«o  the  head  was  removed,  and 
the  spinal  marrow  was  cautiously  destroyed  with  a  sharp  instrument;  the  limbs 
of  the  fonuer  retained  a  certatn  degree  of  firmness  and  elasticity;  thotie  of  the 
second  were  perfectly  lax."  Again  :  **  The  limbs  and  tail  of  a  decapitated  Turtle 
possessed  a  certain  degree  of  firmness  or  tone,  recoiled  on  being  drawn  from  their 
position,  and  moved  with  energy  on  the  application  of  a  stimulus.  On  with- 
drawing the  spinal  marrow  gently  out  of  its  canal,  all  these  phenomena  ceased. 
The  limbs  were  no  longer  obedient  to  stimuli,  and  became  perfectly  flaccid,  having 
lost  all  their  resilience.  The  sphincter  lo8t  its  circular  form  and  contracted  state, 
becoming  lax,  flaccid,  and  shapeless,  The  tail  was  flaccid,  and  unmoved  on  the 
application  of  stimuli."'  It  is  further  remarked  by  Messrs.  Todd  and  Bowman, 
that  "a  decapitated  frog  will  eoutluue  in  the  silting  posture  through  the  influ- 
ence of  the  spinal  cord ;  but  immediately  this  organ  is  removed,  the  limbs  fall 
apart." — This  operation  of  the  Spinal  Cord  is  doubtless  but  a  peculiar  manifesta' 
tion  of  its  ordinary  reflex  function.  We  shall  hcreaiYer  see  (§  541)  how  much  the 
influence  of  the  Will  in  producing  the  active  contraction  of  a  muscle,  is  depen- 
dent upon  sensations  received  from  it;  and  it  seems  highly  probable,  that  the 
impression  of  the  state  of  the  muscle,  conveyed  by  the  afferent  fibres  proceeding 

*  See  Dr.  Waller's  important  researches  on  the  Eeproduction  of  Nerrous  Substance,  ia 
"Miiller's  Archiv.,"  1862,  heft  iv. 

•  "See  Memoira  on  the  NerTous  System,"  18.37,  p.  98, 
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from  it  to  the  spinal  cord,  \s  eufiicient  to  excite  thb  elate  of  moderate  teneinn 
through  the  motor  Dcrvce  arisiti«r  from  the  latter.  Such  a  view  derives  proba- 
bility from  the  fact,  which  uiust  have  fallen  under  the  observation  of  almoHt 
every  one,  that  most  reflex  actions  become  increased  in  enerpy,  if  resistance  ba^H 
made  to  them.  Of  this  we  have  familiar  exaoiples  in  the  action  of  the  expalsar^H 
tnaioles,  wbieh  operate  in  rlefecation,  urioation,  and  parturition,  if,  when  they  are 
strongly  excited,  their  efibrts  be  opposed  by  spnsuiodic  eoatractioD  of  the  ?phinc- 
tors,  or  by  niechanieal  means.  Many  forms  of  convulsive  movement  exhibit  the 
same  tendency,  their  violeucc  being  proportional  to  the  mechanical  force  nsed  to 
restrain  them.'  Here  it  is  evident  that  the  imprettion  o/ rctistance,  conveyed  to 
the  Spina!  Cord,  is  the  source  of  the  increased  energy  of  its  motor  inflaenoe ;  from 
which  we  may  fairly  infer  that  the  moderate  resistance,  occasioned  by  the  natu- 
ral antagoni>m  of  the  muscles,  is  the  source  of  their  continued  and  moderate 
tension,  whilst  they  are  under  the  influence  of  the  Spinal  Cord.  This  constant 
though  gentle  action  serves  to  keep-up  the  nutrition  of  the  rou&cles,  which  are 
pnraljred  to  the  will ;  and  this  is  still  more  completely  maintained,  if  the  portion 
of  the  nervoua  centre?,  with  which  they  remain  connected,  be  so  unduly  irritable^ 
that  the  muscles  are  called  into  contnietioo  upon  the  slightest  excitation,  and  are 
thus  continually  exhibiting  twitchings,  stnrtinps,  or  more  powerful  convulsive 
movements.  It  is  upon  the  continuance  of  the  nutrition  of  the  muscles,  that  the 
persistence  of  their  contractility  depends;  and  hence  the  Spinal  Cord  has  an 
inJirect  influence  upon  this  peculiar  pruperty,  which  is  more  likely  to  be  retained, 
when  the  muscle  is  still  subject  to  the  influence  of  the  Spinal  Cord,  though  eat- 
off  from  that  of  the  Brain,  than  when  it  is  complftely  paralyzed  by  the  entire 
separation  of  its  connection  with  the  nervous  centres. 

3.    Of  the.  Seneory  Gangiia  and  thrir  Functions, —  Comensual  Jfovemmts. 

517.  At  the  base  of  the  Brain  in  Man,  concealed  by  the  Cerebral  Hemispherea, 
but  still  readily  distinguit!.hable  from  thera,  we  find  a  series  of  ganglionic  masseg; 
which  are  in  direct  coonectitm  with  the  nerves  of  Sensation ;  and  which  appeal 
to  have  functions  quite  independent  of  those  of  the  other  components  of  the 
Encephalon. — Thus  anteriorly  we  have  the  Of/ttcdvr  ganglia,  in  what  are  com- 
mooly  termed  the  'bulbous  expansions  of  the  Olfactive  nerve.'  That  these  are 
real  ganglia,  is  proved  by  their  containing  grey  or  vesicular  substance  ;  and  their 
separation  from  the  general  mass  of  the  Encephalon,  by  the  pedaucles  or  foot- 
stalks commonly  termed  the  'trunks'  of  the  Olfactory  nerves,  finds  its  analogy 
in  many  species  of  Fi.sh.  The  ganglionic  nature  of  these  masses  is  more  evident 
iit  many  of  the  lower  Mammalia,  in  which  the  organ  of  Smcil  is  highly  developed, 
than  it  is  in  Man,  whose  olfactive  powers  are  comparatively  moderate.  At  some 
di>;tance  behind  these,  we  have  the  representatives  of  the  Opd'c  ganglia,  in  the 
Tubercula  Quadrigemioa,  to  which  the  principal  part  of  the  roots  of  the  Optic 
nerve  maybe  traced.  Although  these  bodies  are  so  smalt  in  Man,  in  comparison 
with  the  whole  Encephalic  mass,  as  to  bo  apparently  insignificant,  yet  they  are 
much  hirger,  and  form  a  more  evidently-important  part  of  it,  in  many  of  the 
lower  Mum malia;  though  still  presetititig  the  same  general  aspect. — The  JWii 
/ary  ganglia  do  not  form  dislinct  lobes  or  projections;  but  are  lodged  in  tb 
substance  of  the  Medulla  Oblongata.  Their  real  character  is  most  evident  in 
certain  Fishes,  as  the  Carp;  in  which  we  trace  the  Auditory  nerve  into  a  gan- 
glionic centre  as  distinct  as  the  Optic  ganglion.  In  higher  animals,  howevei|' 
and  in  Maii>  we  are  able  to  trace  the  Auditory  nerve  into  a  small  mass  of  ved3 
cular  matter,  which  lies  on  each  side  of  the  Fourth  Ventricle ;  and  although 
this  is  lodged  in  the  midst  of  parts  whose  function  is  altogether  different,  yet, 

'  Ilcnce  the  nbsurdity  of  tbe  common  practice  of  endeavooriDg  to  prevent  the  moi 
mentH  of  the  Umba  nnd  bodj,  in  Coavulsive  paroxjemff,  b;  mechanical  coustrniut    Nothir^ 
sboiild  bt>  attempted,  but  what  is  requisite  to  guard  the  sufferer  from  doing  LimBclf  &d 
Jjyury. 
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there  seems  no  reason  for  doubting  that  it  has  a  character  of  its  own,  and  thai 
it  is  really  the  ganglionic  centre  of  the  Auditory  nerve. — In  lite  manner,  we 
may  probably  fix  upon  a  collection  of  vesicular  matter,  imbedded  in  the  Medulla 
Oblongata, — which  is  considered  by  Stilliiif;  to  be  the  nucleus  of  the  Glosso- 
pharyngeal neni*e,  and  to  which  a  portion  of  the  sensory  root  of  the  Fifth  pair 
may  bo  also  traced, — as  representing  the  Gustatory  gaufrlion. 

518.  At  the  base  of  the  Cerebral  llemispherefl,  we  find  two  other  larpo  gan- 
glionic masses,  on  either  side  j  through  which  nearly  all  the  fibres  appear  to  paa- 
that  connect  the  Hemispheres  with  the  Medulla  Oblongata:  nanmly,  the  Tka- 
lami  Optici,  and  the  Coqtvra  Striata  (Fig,  142).     Now,  although  these  axv 

[Fjo.  142. 


8e«tion  of  toe  eercbnim,  diipUying  the  (mrf«c«t  of  the  eorpmm  strintu,  and  opito  tlmlirati. 
A«  carity  of  th«  third  Tentrlcio,  and  iho  upper  sarraoe  of  the  cerebellam. — a  t.  Corpora 
quadrigFiniiia,— ^  testis,  «  nittes.  b.  Soft  commissDre.  e  Corpas  eallosnra.  /.  Anterior  pil- 
lar? of  fiirnix.  g.  Aoterior  eoroii  of  lateral  ventricle,  it  k.  Corpora  etriata.  //.  Optio  tha- 
lami.  •  Anterior  tubercle  of  the  left  lialaami!,  s  to  ♦.  Third  ventricle.  Id  front  of  «, 
anterior  commissure,  b.  Boft  coinniiRSDro.  t.  Posterior  coinio'isstire.  p,  PiDeal  gUnd  with 
ita  pedonclea.  n  n.  Processna  a  cereWno  ad  testes,  m  m.  Ilerolspberes  of  the  oerebellom. 
A.  Soperior  rcrmiform  prooeaa.     i.  Notoh  bcbind  the  oerebellum.J 

commonly  regarded  in  the  light  of  appendages  merely  to  the  Cerebral  IIoTnis- 
pheres,  it  is  evident  from  the  large  quantity  of  vesicular  matter  they  contjun, 
that  they  most  rank  as  independent  ganglionic  centres;  and  this  view  is  sup- 
ported alike  by  the  evidence  of  Comparative  Anatomy,  and  by  that  afforded  by 
the  history  of  Development.  For  it  is  certain  that  the  size  of  the  Thalaaji 
Optici  and  Corpora  Striata  pre!«ents  no  more  relation,  in  different  tribes  of  ani- 
mals, to  that  of  the  Cerebrum,  than  does  that  of  the  ganglia  of  Special  Sense: 
and  they  may  even  present  a  considerable  development,  when  the  condition  of 
the  Corebrum  is  quite  rudimentary.  Thns  in  the  Osseous  Fishes,  a  careful 
examinutioo  of  the  relations  of  the  body  which  is  known  as  the  Optic  lube  (Fig- 
1-5,  c)  makes  it  apparent  that  this  is  the  representative,  not  merely  of  the  proper 
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Optic  panpUon  of  Mjin,  hut  also  of  the  TbalaruuE  Opticiu ;  wbibt,  ftpain,  the 
TDBSS  which  is  desicnated  as  the  Cerebral  lobe  (b")  is  chirfly  homolopons  with  the 
Corpus  Striatum  of  higher  animalB.  The  nature  of  the  latter  body  is  inftd«> 
apparent,  in  the  hipher  Cartilaginous  Fishes,  by  the  presonee  of  a  Tentricle  in  its 
interior ;  the  floor  of  thi«  cavity  being  formed  by  the  Corpus  Striatum,  whifc 
the  thin  layer  of  nervnns  matter  which  forms  its  roof  is  the  only  reprewotatili 
of  the  Cen'bral  hoinjppliere.  So  in  the  Human  embryo  of  the  6th  week,  we 
a  distinct  vcsirle  for  the  Thalatui  Optici,  interposed  between  the  vehicle  of 
Corpora  Quadrigeniina  nnd  that  which  pivos  ori^^in  to  the  Cerebral  Hemiephct 
whilst  the  Corpora  Striata  constitute  the  floor  of  the  cavity  or  ventricle  whi 
exists  in  the  latter,  this  heinp  as  yet  of  comparatively  small  dimensions. — No» 
as  already  pointed-out  (§  490'),  we  may  distinpuisb  in  the  Medulla  Oblonpata  inJ 
Crura  Cerebri,  a  sensory  and  a  mofnr  tract;  by  the  endowments  of  the  nervM 
which  issue  from  thnm.  The  fscnpory  tract  raay  be  traced  upwnnls,  until  it  almnet 
entirely  Bpreads  itself  throuph  t!ie  pubstance  of  the  Thalamns.  Moreover,  the  Otitic 
nerves,  and  the  peduncles  of  ibe  Olfactive,  may  be  shown  to  have  a  distinct  coo- 
ncctioD  with  the  Thalarai ;  the  former  by  the  direct  passage  of  a  portion  of  their 
roots  into  these  panglia;  nnd  the  latter  through  the  medium  of  the  Fornix. 
Hence  we  may  fairly  regard  the  Thahimi  Opttri  as  the  chief  focus  of  the  S^- 
90Ty  nervea,  and  more  especially  as  the  ptinplinnic  centre  of  the  nerves  i>f 
common  sensation,  which  ascend  to  it  from  the  Medulla  Oblonprata  and  Spinil 
Cord.-^-On  the  other  hand,  the  Corpora  iSfriata  are  implanted  on  the  Motor  tract 
of  the  Crura  Cerebri,  which  descend  into  the  I'yranndai  columns  ;  and  their  rela- 
tion to  the  fibres  of  which  that  tract  is  composed,  appears  to  be  essentially  the 
same  as  that  which  the  Thalanii  bear  to  the  sensory  tract. — The  Corpora  Striati 
are  connected  with  each  other,  on  the  median  plane,  by  the  ajtferior  comxaiFSnn', 
and  the  Thulami  Optici,  by  the  soft  and  the  jxntterior  commissures.  The  Corpm 
Striatum  and  Thalamua  Opticus  of  the  same  side  are  very  closely  connected  by 
commissural  fibr^,  strotching  from  one  to  the  other;  and,  if  the  precedine 
account  of  the  respective  offices  of  these  bodies  be  correct,  they  may  be  reganHfd 
as  havinp  much  the  same  relation  to  each  othcrj  as  that  which  existfj  betwwn 
the  posterior  and  anterJor  peaks  of  vesicular  matter  in  the  Spinal  Cord;'  the 
latter  iasuinp  motor  impulses,  in  reppondenee  to  sensations  excited  tbroufh  the 
former.  They  are  also  intimately  connected  with  other  pranplionic  masses  in 
their  neighbourhood,  such  as  the  *  locus  niger,'  and  the  vesicular  matter  of  the 
'  tuber  annulare  ;'  which,  again,  are  in  close  relation  with  the  vesicular  matter  of 
the  MeJulhi  Oblongata. 

619.  It  has  been  commonly  supposed  that  the  fibres  of  the  Crura  Cerebri,  after 
entering  the  Corpora  Striata  and  Thalarai  Optici,  pass  continuously  throuph  these 
bodies  receiving  '  reinforcements'  of  additional  fibres  from  their  ganglionic  mat- 
ter; and  that  they  then  radiate  to  the  internal  surface  of  the  grey  matter  of  the 
Cerebral  Hemispheres.  Such  would  certainly  be  the  conclusion,  to  which  a 
superficial  examination  of  their  course  would  lead.  But  very  strong  reasons 
have  recently  been  advanced  for  the  belief,  that  the  fibres  of  the  Crura  Cerebri 
for  the  most  part,  if  not  entirely,  terrainnte  in  the  vehicular  substance  of  the 
Corpora  Striatal  and  Thalami  Optici;  and  that  the  radiating  fibres  of  tho  Hemis- 
pheres take  a  fresh  departure  from  these  ganglia,  serving,  in  fact,  the  part  of 
commissures  to  connect  (heir  vesicular  substance  with  that  of  the  Cerebral 
ganglia,*  And  this  view,  as  we  shall  hereafter  see,  is  in  complete  aecordaoM 
with  the  existence  of  a  very  decided  pJiyKiokyical  separation  between  these  two 
seta  of  organs. — Altogether  it  is  very  evident,  that  a  eerios  of  true  ganglionic 
centres  exists  at  the  base  of  tho  Encephalon,  which  are  really  as  distinct  from 

'  This  was  first  pointed-out  by  Messrs.  Todd  and  Bowman,  in  their  *'  Pbjsiologica] 
Anatomy,"  p.  251,  Am.  Ed. 

•  See  eflpecialh'  Messrs.  TcdJ  nnd  Bfnrtnnn'B  "  rhysiologicnl  Anatomy,*'  p.  806^  Am. 
£d. ;  aad  Prof.  KjjLliker's  "  Mikroskopiacbe  ADatomie,"  band  11.,  {  118. 
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either  the  Cerebrum  or  CerL'bcliuai,  as  the  latter  are  from  each  other;  and  as 
these  oentrea  are  in  iiumediute  conncctioo  with  the  nerves  both  of  special  and  of 
general  Seoae,  they  may  be  appropriately  destgnaled  the  Seninoiy  Ganglia.  An 
inquiry  into  the  diutribution  and  endowments  of  their  nerve«,  will  assist  us 
in  the  determination  of  the  functions  of  the  central  organs  in  which  they 
terminate. 

520.  Nervet  of  Special  Sen»e. — Through  the  First  pair,  or  Ol/aciory  nerve, 
are  transmitted  the  impressions  made  by  odorous  emanations  upon  the  surface  it 
eapplies;  and  it  is  not  susceptible  to  impressions  of  any  other  kind.  Anatomical 
examination  of  the  distribution  of  this  nerve  proves  that  it  is  not  one  which 
directly  conveys  motor  influence  to  any  muscles,  since  all  its  branches  are  di.i- 
tributed  to  the  membrane  lining  the  nasal  cavity ;  and  experimental  inquiry  leads 
to  the  same  result,  for  no  irritation  of  the  peduncles  or  branches  excites  any  mus- 
cular movement.  Further,  no  irritation  of  any  part  of  this  nerve  excites  reflex 
aoiions  through  other  nerves ;  again,  it  ta  not  a  nerve  of 'common'  sensation^  for 
animals  exhibit  no  sig;ns  of  pain^  when  it  is  8ubjecte*i  to  any  kind  of  irritation. 
Neither  the  division  of  the  nerve,  nor  the  destruction  nf  the  olfactive  ^nglia,  seems 
to  incoDvcnienoe  them  mutertally.  They  take  their  food,  move  with  their  accus- 
tomed agility,  and  exhibit  the  usual  appotites  of  their  kind.  The  'common' 
seDsibiiity  of  the  parts  contained  in  the  olfactive  organ  is  in  no  degree  impaired, 
as  is  shown  by  the  efiect  of  irritating  vapours;  but  the  animals  are  destitute  of 
the  sense  of  smell,  as  is  shown  by  the  way  in  which  these  vapours  affect  them ; 
for  at  first  they  appear  indiflereut  to  their  presence,  and  then  suddenly  and 
vehemently  avoid  them,  nasoon  as  the  Scbneiderian  niembmne  becomes  irritated. 
Moreover  if  two  dogs,  with  the  eyes  bandaged,  one  having  the  olfactory  nerves 
aod  ganglia  sound,  and  the  other  having  had  them  destroyed,  are  brought  into 
the  Deighbourhixtd  of  the  dead  body  of  an  animal,  the  former  will  examine  it  by 
xia  smell;  whilst  the  latter,  even  if  be  touches  it  pays  no  attention  to  it.  This 
experiment  Valentin '  states  that  he  has  repented  several  tiuies,  and  always  with 
the  same  results.  Further,  common  observation  shows  that  sensibility  to  irri^ 
tantt,  such  as  snuff,  and  acuteness  of  smelly  bear  no  constant  proportion  to  one 
another;  and  there  is  ample  pathnlogtcal  evidence,  that  the  want  of  this  sense  is 
oooneoted  with  some  morbid  condition  of  the  olfactory  nerves  or  ganglia.  It  is 
well  known  that  Magendie  has  maintained,  that  the  Fifth  pair  in  some  way 
furnishes  conditions  requisite  for  the  exorcise  of  the  power  of  smell ;  asserting 
that,  when  it  is  cut,  the  animal  is  deprived  of  this  sense.  But  bis  experiments 
were  made  with  irritating  vapours,  which  excite  sternutation  or  other  violent 
mttsoolar  actions,  not  through  the  Olfactory  nerve,  but  through  the  Fifth  pair ; 
and  the  experiments  of  Valeutin,  just  related,  fully  prove  that  the  animals  are 
not  sensitive  to  odours,  strictly  so  called,  after  the  Otfuctnry  nerve  has  beeu 
divided.  The  acuteness  of  the  true  sense  of  smell  is  lessened  by  section  of  the 
FifVb  pair;  but  this  is  because  the  Scbneiderian  membrane  is  then  no  longer 
duly  moistened  by  its  proper  spcretion,  and,  when  dry,  it  is  less  .susceptible  of  the 
impressions  made  by  those  minute  particles  of  odoriferous  substances,  to  which 
the  excitement  of  the  senstitton  mu.st  bo  referred. 

521.  That  the  Second  pair,  or  Optic  nerve,  ha^  an  analogous  cbaraoter,  ap- 
pears alike  from  anatomical  and  experimental  evidence  (Fig.  143).  No  chemical 
or  mechauicul  stimulus  of  the  trunk  produces  direct  mus<.>ular  motion ;  nor  docs 
it  give  rise,  so  far  as  can  be  ancertaiued,  to  indications  of  pain;  whence  it  may 
be  concluded,  that  this  nerve  is  not  one  of  '  common  '.  sensation.  That  the  ordi- 
nary  sensibility  of  the  eyeball  remains,  when  the  functions  of  the  Optic  nerve 
are  completely  destroyed,  is  welt  known  ;  as  is  also  the  fact,  that  divisions  of  it 
puts  an  end  to  the  power  of  vision.  Valcuttn  static  that  although  the  Optiu 
nerve  may,  like  other  nerves,  be  in  appearance  completely  regenerated,  he  bnd 
uever  been  able  to  obtain  any  evidence  that  the  power  of  sight  has  been  in  ike 

*  "De  FuDctiouibus  Nerrorum  Cerebralium,"  ko.,  Bem»,  1S39. 
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least  degree  recovered.     He  remarks  that  animals  suddenly  made  blind  exhibit 

pre&t  Tnental  disturbance,  and  perform  uianv 
[Fio.  113,  unaccustomed  movements;  and  that  the  coiu- 

plcte  absence  of  the  power  of  vision  is  easilj 
nscertained.  Morbid  changes  are  sonietimes 
observed  to  take  place  in  eyes,  whose  Optic 
nerve  has  been  divided ;  but  these  are  by  do 
means  so  constant  or  so  extensive,  as  when ' 
the  Fifth  pair  is  paralyzed  j  and  they  may  not 
improbably  be  attributed  to  the  injury  occa- 
sioned by  the  operutioa  itself,  to  the  ptrtt 
within  the  orbit. 

522.  The  Optic  nerve^  though  aoalDgoot 
to  the  Olfactory  in  all  the  points  hitherto 
mentioned,  differs  from  it  in  cue  important 
rcBpeetj — that  it  has  the  power  of  conveying 
impressions  which  excite  rrjiex  musc-uiar  mo- 
tions.  This  is  especially  the  case  in  r^gaid 
to  the  Irii*,  the  ordinary  actions  of  whicb  are 
regulated  by  the  degree  of  light  impinging 
on  the  retina.  When  the  Optic  nerve  is  di- 
vided, contraction  of  the  pupil  takes  place; 
A  Tiew  of  the  2d  paTror  optte,  and  the  but  this  does  not  occur,  if  the  connection  of 
ftriiein»  of  ieren  other  pairB.  I,  1.  Olobe  this  nerve  with  the  third  pair,  through  the 
of  the  eye;  the  one  on  the  left  baud  it  nervous  centres,  be  in  any  way  interrnpted. 
per^ctshutthiitoiiiheriKhtbMtheiole.  \ftcr  such  division  (if  complete),  the  sUte 
ratio  *«d  choroid  removed  to  Bho^  there-  ^f  j,^^  p^pjj   j^   ^^^  ^^^^^^   ^^  variations  io 


tinA.    2.  Thd  cblMm  of  the  optic  nerres. 


the 


3.  The  corpora  aibicunti^  4.  The  inf«„-  ^""'  degree  of  light  impmpng  on  the  re. 
diLulum.  b.  The  Pi.ne  Vorarii.  6.  The  tinaj  except  in  particular  cases,  in  which  it 
Dip.lulla  oblongfttji.  The  figurt-  ia  on  the  is  influenced  through  other  channels.  Thus, 
rifchi  corpug  pyramidivlo.  7.  The  3ti  pair,  in  a  patient  Suffering  under  amaurosis  of  one 
inotorcs  oculi.    8.  4th  pair,  pathetic.    9.  ^  g    t|jg  p^pi]  ^f  j^e  affected  eye  is  often 

6th  pair,  triReinini.     10.  6th  pair,  abdu-  /•        j  •  •        -        -  i  -..i.  .u  . 

„..„iil  11  -,t.  .  !.  \u  „.„t  r.-j.t  found  to  vary  in  size,  lu  accordance  with  that 
c<!nte9.     ]I.  7tb  pair,  sudjtory  «ii<I  taeial.  •'  Li-rr        -i 

12.  8th  pair,  pneutaoga^tric,  Hpioal  acceg-  »'  the  othor  eye ;  but  this  effect  is  due  to  the 
torj,  and  glosg^-pharyDgoaL  13.  9th  action  of  lirrht  on  the  retina  of  the  sound  eye, 
pair,  hypoglotML].]  which  produces  a  motor  change  in   the  third 

pair  on  both  sides.  Further,  as  already  shown 
(§  512),  the  f'mprcssioH  only  of  light  upon  tlic  retina  may  give  rise  to  eoDtnctioD 
of  the  pupil,  by  reflex  action,  when  the  optic  nerve  is  itself  sound;  whilst  DO 
sauati'oTid  are  received  through  the  eye,  in  consequence  of  disease  in  the  senso* 
rtAl  portion  of  the  nervous  centres.  Although  the  contraction  of  tlie  pupil  is 
effected  by  the  influence  of  motor  fibres,  which  proceed  to  the  sphincter  of  the 
Iris  from  the  third  pair  of  nerves,  throtttjh  the  Ophthalmio  ganglion,  it.8  dilata- 
tion (as  we  shall  hereafler  see)  depends  upon  the  influence  it  derives  from  the 
Syinpathotic  system,  of  which  that  ganglion  forms  part. — Besides  the  contractioD 
of  the  pupil,  another  action  of  a  '  reflex '  character  is  produced  through  the  Optio 
nerve  ;  namely,  the  contraction  of  the  Orbicularis  muscle  under  the  influence  of 
strong  light,  or  when  a  foreign  body  is  suddenly  brought  near  the  eye.  Bat 
this  cannot  bo  excited  without  a  consciousness  of  the  visual  impression  j  in  fact, 
it  is  a  movement  of  a  'consensual '  kind,  produced  by  the  painful  sensation  of 
light,  which  gives  rise  to  the  condition  well  characterized  by  the  term  photo- 
phobia. The  involuntary  character  of  it  must  be  evident  to  every  one  who  hu 
been  engaged  in  the  treatment  of  diseases  of  the  eyes  ;  and  the  effect  of  it  is 
aided  by  a  similarly-involuntary  movement  of  the  eyeball  itself,  which  is  rotated 
upwards  and  inwards  to  a  greater  extent  than  the  Will  appears  able  to  effect  — 
Another  reflex  movemeat  excited  through  the  visual  Muse,  is  that  of  Sucezin^ 
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whjch  is  induced  in  many  individuals  by  the  sudden  expotiuni!  of  the  ey<?8  to  a 
Btron^  light :  of  the  purely  automatic  character  of  this  tnoveiuent  there  can  be  no 
question,  since  itcanoot  be  imitated  Toluntarily ;  and  that  it  is  not  excito-motor, 
is  proved  by  the  fact  that  it  is  not  excited  unlesis  the  light  be  «cen.' 

523.  There  is  a  further  peculiarity,  of  a  very  niarlced  kind,  attending  thd 
course  of  the  Optic  nerves;  this  ia  the 

crossiof^  or  '  derassation  '    which    they  [Pi«.  144. 

undergo,  more  or  less  completely,  whilst  ^^ 

passing  between  their  ganglia  and  the 
eyes  (Fig.  144).  In  some  of  the  lower 
animals,  in  which  the  two  eyes  (from 
their  lateral  position)  have  entirely  dif- 
ferent spheres  of  vision,  the  decussation 
is  complete  ;  the  whole  of  the  fibres 
from  the  rijjht  optic  ganglion  pa.ssing 
into  the  left  eye,  and  vire  versd.  Thi.,  ,  bourse  of  flhrei  in  tbo  chis«n,B,  ai  exhibited 
.     ,.  /,•'  ,         -i  ..     r-  by  leanng  ofT  the  tiiperricioJ  bundiM  from  • 

19  the  case,  for  example  with  most  of  ^^^^.^^^  hardened  in  spirit,  a.  Anterior  flbroi, 
the  Osseous  Pishes  (as  the  cod,  halibut,  comcoif sural  between  the  two  retime,  p.  Pob- 
^.)  ;    and  also,  in    great    part   at   least,  t«n<ir  fi1>rea,  commissnral  bL'tween  tbo  tbaliimL 

with  Birds.*     In  the  Human  subject,  a' jo'.  Dingrom  of  the  preceding.] 
however,  and   in   animals  which,  like 

hiiu,  have  the  axes  of  both  eyes  directed  to  the  same  object,  the  decussation 
seems  less  complete;  but  there  is  a  very  remarkable  arrangement  of  the  fibres, 
which  seems  destined  to  bring  the  two  eyes  into  peculiarly  consentaneous  action. 
The  posterior  border  of  the  Optic  Chiosma  is  formed  exclusively  o^ commissural 
6bres,  which  pass  from  one  optic  gam/lion  to  the  other,  without  entering  the  real 
optic  nerve.  Again,  the  anterior  border  of  the  Chiasma  is  composed  of  fibres, 
which  seem,  in  like  manner,  to  act  as  a  ooniniissure  between  the  two  retinx ; 
pa5^ing  from  one  to  the  other,  without  any  connection  with  the  optic  ganglia. 
The  tract  which  lies  between  the  two  borders,  and  occupies  the  miildh  of  the 
Chiasma,  is  the  true  Optic  Nerve;  and  in  this  it  would  appear  that  a  portion  of 
the  fibres  decussates,  whilst  another  portion  passes  directly  from  each  Optic  gan- 
glion into  the  corresponding  eye.  The  fibres  which  proceed  from  the  ganglia  to 
the  retinse,  and  constitute  the  proper  Optic  Nerves,  may  be  distinguished  into  an 
internal  and  externa]  tract.  Of  these,  the  rj-ternal,  on  each  side,  posses  directly 
onwards  to  the  eye  of  that  side:  whil&t  the  in/fTwa/ crosses  over  to  the  eye  of 
the  opposite  side.  The  distribution  of  these  two  sets  of  fibres  in  the  retina  of 
each  eye  respectively,  is  such  that,  according  to  JJr-  Mayo,  the  fibres  from  either 
optic  ganglion  will  be  distributed  to  ifit  awn  sith  of  both  eyes,'  the  right  optio 
ganglion  being  thus  exclusively  connected  with  the  outer  part  of  the  retina  of  the 
right  eye,  and  with  the  inner  part  of  the  retina  of  the  left ;  whilst  the  left  optio 
ganglion  is  connected  exclusively  with  the  outer  side  of  the  left  retina,  and  with 
the  inner  side  of  the  right.  Now  as  either  side  of  the  eye  receives  the  images  of 
objects  which  are  on  the  other  side  of  its  axis,  it  follows,  if  this  account  of  the  dis- 
tribution of  the  nerves  be  correct,  that  in  Man,  bp  m  the  lower  animals,  each  gan- 

*  A  patient  was  for  some  time  in  tbe  London  Hospital,  in  whom  tbere  was  such  ttn  unduo 
impressibility  of  the  retina,  that  nhe  could  doC  remniu  in  even  a  modlcrate  light  without  a 
cootinual  repetition  of  tbe  act  of  Sneezing. 

*  Pee  Solly  on  '•  Tbe  Human  Brain,"  Am.  Ed.,  p.  232. 

*  This  arrangement  was  first  hj-potbetically  suggested  by  Dr.  Wollaston  ("PhHos 
Tr»n8."  Itt24),  aa  facilitating  the  eKpUoation  of  some  of  the  phenomena  of  vinion,  snd 
more  particularly  single  visiin  with  two  eyea.  We  shftll  hereafter  8i?e,  howerer,  that  the 
Binglcness  of  the  impression  resulting  from  the  furmation  of  two  pictures  upon  our  retinre, 
ia  not  attributable  to  any  such  ivniitomicat  nrr»ngemeat,  their  combination  being  a  meittnl 
proce«9,  and  the  funion  of  two  dUsimilar  pictures  boing  requisite  to  enable  us  to  exerciM 
one  of  tbe  highest  attributes  of  the  ri8ualaen:!e,  tbe  perception  of  projection.  (See  oaar. 
XT..  Sect.  6). 
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A  rtew  of  the  origin  aad  dbtribution  of  the 
riirtio  MolUa  of  the  Serenth  pair  or  AaiUtorj 
NcTve:  I,  the  ttiedulla  oblongala;  2,  the  pons 


glinn  receives  the  impressions  of  objects  situated  on  the  oppoaite  side  of  thebndj. 
'J'be  purpose  of  this  tlecussalion  may  be,  to  bring  the  visual  impressions,  which 
are  bo  impcirtant  in  directing  the  movements  of  the  body,  into  proper  hanoonj 
with  the  motor  apparatus ;  bo  that  the  decussation  of  the  motor  fibres  in  the 
pyramids  being  accompauied  by  a  decussation  of  the  optic  nerves,  the  saioe  effect 
i.s  produred  as  if  neither  decussated, — which  lost  is  the  case  viih  lorertebnted 
animals  in  general.  ' 

624.  The  functjona  of  the  Auditory  nerve,  or  Ihrtio  Mollis  of  the  7th,  «re 
easily  deteruiiaed,  by  anatomical  examination  of  ita  distribution,  and  by  obscrw      ' 
lion  of  pathological  phenomena,  to  be  analogous  to  those  of  the  two  preceding.      i 

Atrophy  or  lesion  of  the  trunk  de^rogg^H 
[F'«-  l<'-  the  sense  of  Heorinjr;  whilst  irritati^^l 

of  it  produces  auditory  pensations,  but 
does  not  occasion  pain.  From  experi- 
ments made  upon  the  nerve  before  it 
leaves  the  cranial  cavity,  it  appears  satis- 
factorily ascertained,  that  this  nerve  ii 
not  endowed  either  with  oommon  sensi- 
bility, or  with  the  power  of  directly 
stimulating  muscular  moTement.  Nor 
can  any  obvioua  reflex  actions  be  exe- 
cuted by  irritation  of  this  nerve;  bat 
it  seems  nevertheless  by  no  means  im- 
probable, that  the  muscles  which  regu- 
late the  tension  of  the  Tympanum, 
are  called  into  action  bj  impressioiif 
made  upon  it  and  reflected  throagh  tke 
VAFoiii;  3,  4,  the  crarK  cerebeili  of  the  right  auditory  ganglion  in  the  same  manner  w 
jiUlo;  6,  the  eighth  pdr  of  nerves;  6,  the  ninth  the  diameter  of  the  pupil  is  regulated 
l-air;  7.  the  auditory  n«re  d"trib«t«d  to  the  ^^^^^  ^^^  ^^^  ^^rve.  In  the  in  ^ 
viiohlea  aad   labyrrnih  ;  8,   the   aixth   pair  of  ,  *^  ,  "^  i-    i_  - 

ncrrea ;  »,  the  portio  dura  of  the  seventh  pair;  'untary  start,  however,  which  18  occasioi 
10,  the  fourth  puiri  11,  the  Qfth  pair.]  by  a  loud  and  sudden  sound,  we  have  an 

example  of  a  consensual  movement  ex- 
cited through  the  Auditory  nerve,  which  is  evidently  analogous  to  the  cloaire 
of  the  eyes  to  a  stronf^  light.  In  certain  morbidly -impressible  states  of  the  ner- 
vous system,  as  will  bo  presently  shown  (§  538),  the  effect  of  sounds  on  the  motor 
apparatus  is  far  more  remarkable.— It  has  been  attempted  by  Flourens  to  show, 
that  the  division  of  the  Auditory  nerve,  which  proceeds  to  the  Semicircular 
canals,  has  functions  altogether  different  from  that  portion  which  sapplie*  the 
Vestibule  and  Cochlea.  This  inference,  however,  is  grounded  only  upon  the 
moveraenta  exhibited  by  animals  in  which  these  nerves  are  irritated;  which 
movements  are  capable  of  a  difForont  explanation  (§  531). 

525.  The  nerves  which  minister  to  the  sense  of  Tlitte,  are  destitute  of  lh(? 
peculiarities  which  distinguish  the  precedinp;  being  no  other  than  certain 
branches  of  ordinary  afferent  nerves, — the  Fifth  Pair  and  Glosso-pharyngeal 
(§  495) — the  peculiar  endowments  of  which  seem  to  depend  rather  upon  the 
Htructure  and  actions  of  the  papillae  at  their  peripheral  extremities,  than  upon 
nnything  special  in  their  own  character;  for,  as  in  the  case  of  the  ordinaiy 
nerves  of  '  common '  sensation,  mechanical  irritation  applied  to  them  ealls-forti 
indications  of  pain. — Frnra  the  observations  and  experiiuents  of  M.  CI.  Bernard,' 
It  appears  that  the  Facial  nerve  (portio  dura  of  the  7th)  supplies  some  condition 
requisite  for  the  sense  of  Taste,  through  the  branch  known  as  the  Chorda  Tym- 
paui,  which  ia  the  motor  nerve  of  the  Lingualis  muscle.  When  paraly&is  of  the 
Facia)  exists  in  Man,  the  sense  of  taste  is  very  much  impaired  on  the  correspond- 
ing side  of  the  tongue,  provided  that  the  cause  of  the  paralysis  be  seated  above 
'  "Arohires  Q^D^rales  de  Mddecine/'  1844 
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the  origin  of  the  Chorda  Tympani  from  its  trunk.  Similar  results  have  been 
obtaiaed  from  experiments  uj»on  other  animals.  The  nature  of  the  influence 
afforded  by  this  nerve  is  entirely  unknown ;  and  it  is  the  more  obscure,  as  the 
Chorda  T^'mpani  contains  no  sensory  filanirnts. 

5-6.  Nrrvr»  of  Commvn  Sensation. — To  the  sen§e  of  Tvticb,  ftH  the  afferent 
nerves  of  the  body  (save  the  nerves  of  speciul  Bense)  appear  to  minister  j  in  virtue 
— according  to  tbe  dwtriue  already  propounded  (§  486) — of  the  direct  connec- 
tion of  certain  of  their  fibrils  with  the  tSrns'/rium  commune.  But  the  degree  in 
which  they  are  capable  of  producing  Sensations,  does  not  bear  any  constant  rela- 
tion to  their  power  of  exciting  roilex  actions.  TliuSj  the  Glosso-pharyngeal  ia 
not  nearly  BO  tentUive  as  the  Fifth  pair;  though  more  powerful  as  an  excxtor 
nerve.  The  Par  Vagura  appears  to  have  even  leea  power  of  arousing  sen-sory 
ckanges,  although  it  is  the  most  important  of  all  the  exci tors  to  reflex  action.  So 
again,  the  afferent  nerves  of  the  inferior  extremities,  in  Man,  are  less  concerned 
in  ministering  to  sensations,  than  aro  those  of  the  superior ;  and  yet  they  appear 
to  be  much  more  efficient  aa  eicitors  to  mu-scnlar  movement. — These  differences 
may  be  accounted-for,  by  supposing  that  tbe  proportion  which  the  fibres,  having 
their  centre  in  the  ganglionic  matter  of  the  Spinal  Cord,  bears  to  that  of  the 
fibres  which  pass-on  to  the  Senflorium,  is  not  constant,  but  is  liable  to  variation 
in  different  nerves;  the  former  predominating  in  the  Par  Vagum  and  tho<>lo«ao- 
pharyngeal,  whilst  the  latter  are  more  numt^rous  in  the  Fifth  Pair,  and  in  most 
of  the  Spinal  nerves. 

527-  Motor  Nerves. — No  motor  nerves  issue  from  the  Sensory  Ganglia  with 
the  same  directuoss  that  afferent  nerves  proceed  towards  them ;  but  the  reflex 
actions  of  these  centres  find  a  ready  channel  in  the  motor  nerves  of  the  Cninio- 
Spiaal  axis  generally.  For,  as  we  have  seen  (§  490),  the  motor  tract  of  the  Crura 
Cerebri,  which  m  in  connection  with  the  motor  Kncophalic  nerves,  and  alw> 
(through  the  vcificular  substance  of  the  Spinal  Cord)  with  the  anterior  roots  of 
the  Spinal  nerves,  pa&?es-up  into  the  Corpora  Striata  and  Corpora  Quadrigemina. 
AJthough  the  direct  connection  of  the  other  ganglia  of  Special  Sense  with  the 
Motor  columns,  ia  at  present  a  matter  of  presumption  only,  yet  this  presumption 
is  strongly  supported  by  the  analogy  of  tbe  Optio  ganglia  \  the  distinctness  of 
this  connection  in  tlieir  case  being  easily  accuunted-iTor,  when  it  is  remembered 
in  how  great  a  degree  the  general  movements  of  the  body  are  guided  by  tho 
visual  sense. 

528.  Functions  of  the  Sensory  Ganglia, — We  have  now  to  consider  what  de- 
dactions  may  bo  drawn  with  regard  to  the  functions  of  the  Sensory  Ganglia  in 
Man ;  from  tbe  facts  supplied  by  Compamt'tve  Anatomy,  by  Experimental  in- 
quiry, and  by  Pathological  phenomena.  The  determination  of  these  functions 
may  seem  to  be  the  more  difficult,  as  it  ia  impossible  to  make  any  satisfactory 
experiments  upon  the  ganglionic  centres  in  queatioo,  by  isolating  them  com- 
pletely from  the  Cerebral  Hemispheres  above,  and  from  the  Medulla  (Jblongata 
and  Spinal  Cord  below.  But  the  evidence  derived  from  Comparative  Anatomy 
appears  to  be  in  this  case  particularly  clear;  and,  rightly  considered,  afl'ords  ua 
nearly  all  the  information  we  require.  In  the  aeries  of  "  experiments  prepared 
for  us  by  nature,"  which  is  presented  to  us  in  the  descending  scale  of  Animal 
life,  we  witness  the  effects  of  the  gradual  change  in  the  relative  development  of 
the  Sensory  ganglia  and  Cerebral  Hemispheres,  which  are  presented  to  ns  in  de- 
scending through  in  the  Vcrtcbrated  scale ;  and  the  results  of  the  entire  with- 
drawal of  the  latter,  and  of  the  sole  operation  of  the  former,  which  are  exhibited 
in  the  higher  Invertcbrata  (See  §§  458,  461,  and  PRINC.  of  Comp.  Phys., 
CUAP.  XIII,,  Am.  Ed.).' — Thus  we  are  led  by  the  very  cogent  evidence  which 

■  It  t*  worthj  of  fepeoiol  notia«,  that  tbe  derelopment  of  the  Cephulio  ganglia  in  the  la- 
vertcbrat*  olwAyi  bears  an  exact  proportion  to  the  development  of  the  eyti;  tbe  other 
organs  of  fpec'iAl  aense  being  comparatively'  unilevetopeil ;  whilst  these,  in  all  tbe  liigher 
oIamm  at  leavt,  ore  iaatruuieuls  of  great  perfection,  ami  uro  eridenliy  connected  most 
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Compnrntive  Ariatotuy  supplies,  to  regard  this  series  of  Ganglionic  centre*  u 
constituting  the  real  S^nsorium  ;  each  gaaglion  having  the  power  of  rendering 
the  Mind  conscious  of  the  impressions  derived  from  the  or^n  with  which  it  is 
connected.  If  this  position  be  denied,  we  maat  either  refuse  the  attribute  of 
consciousness  to  such  animals  as  possess  no  other  Encephalic  centres  than  these, 
or  we  must  believe  that  the  aihiition  of  the  Cerebral  hemispheres,  in  the  Vi 
tebrated  series,  alters  the  endowments  of  the  Sensor j  ganglia, — an  idea  which 
contrary  to  all  analogy, 

529.  So  far  as  the  results  of  Experiments  can  be  relied-on,  they  afford  a  co^ 
roboration  of  this  view.  The  degree  in  which  stiimals  hiph  in  the  scale  of 
organization  can  perform  the  functions  of  life,  without  any  other  centre  of  action 
than  the  Ganglia  of  Special  sense,  the  Medulla  Oblongata,  and  the  Cerebellum, 
appears  extraordinary  to  thase  who  are  accustomed  to  regard  the  Cerebral  llemi 
spheres  as  the  centre  of  all  energy.  From  the  experiments  of  Flourens,'  HerU 
wig/  MagcnrJie,*  Longet,'  and  otherSj  it  appears  that  not  only  Reptile*. 
Birds  and  Mammals,  may  survive  for  many  weeks,  or  even  months  (if  their  ph 
sical  wants  be  duly  supplied)  after  the  removal  of  the  entire  C'Crebnim.  It  is 
difficult  to  substantiate  the  existence  of  actual  sfnsatwii ;  but  some  of  their  mote- 
tnents  appear  to  be  of  a  higher  kind  than  those  resulting  from  mere  excito-motor 
action.  One  of  the  mo.st  remarkable  phenomena  exhibited  by  such  a  being,  is 
the  power  of  maintaining  its  equilibrium,  which  could  scarcely  exist  withoot 
consciousness.  If  it  be  laid  upon  the  back,  it  rises  again,  if  pushed,  it  walks. 
If  a  Bird  thus  mutilated  be  thrown  into  the  air,  it.  flies;  if  a  Frog  be  touched,  it 
leaps.  It  swallows  food  and  liquid,  when  they  are  placed  in  its  mouth  ;  and  the 
digestive  operations,  the  acts  of  excretion,  &c.,  take  place  as  usual.  In  the  ciM 
of  a  Pigeon  experimented  on  by  Maiucorps,  which  is  recorded  by  Magendie,  there 
appears  sufficient  proof  of  the  persistence  of  a  certain  amount  of  sensation.  AU 
though  the  animal  was  not  affected  by  a  strong  light  suddenly  made  to  fall  aptm 
its  eyes,  it  was  accustomed,  when  confiacd  in  a  darkened  or  partially  illuminated 
room,  to  seek-out  the  light  parts;  and  k  avoiihd  objects  that  lay  in  its  tcay.  In 
the  same  manner,  it  did  not  seem  to  be  affected  by  sudden  noises;  but  at  nigbt, 
when  it  slept  with  its  eyes  closed  and  it.s  head  under  its  wing,  it  would  raise  it» 
head  in  a  remarkable  manner,  and  open  its  eyes,  on  the  slightest  noise ;  speedily 
relapsing  into  a  state  of  complete  unconsciousness.  Its  principal  occupalioo 
was  to  prune  its  feathers  and  scratch  itself.  And  Longet  mentions  that  a  Pige<>n 
from  which  be  had  removed  the  entire  Cerebrum,  gave  many  indications  of  con- 
sciousness of  light;  for  not  only  did  the  pupil  contract,  but  the  lida  closed,  when 
a  strong  light  was  suddenly  made  to  fall  upon  the  eye,  the  animal  having  been 
previously  kept  in  darkness  ;  and  ichen  a  lit/htcd  candle  xcat  made  to  moir  in  a 
circU  before  if,  the  animal  eaxcuted  a  corresponding  movement  with  its  head* — 
The  condition  of  such  beings  seems  to  resemble  that  of  a  Man,  who  is  in  a  slam> 
ber  suf&ciently  deep  to  lose  all  distinct  perception  of  external  objects,  but  who  ii 

intimately  with  the  direction  of  the  movemeTita  of  the  animals.  Of  this  fact  we  haire  • 
rcmarknble  ilUistriition  in  the  liiatorj  of  the  inetatnorphfisis  of  Insects;  the  ejes  beini; 
alinost  rudimentary,  and  the  Cepbnlio  ganglia  comparatiTel;  small,  in  most  Larviie  ;  vhibt 
both  these  organs  attain  a.  high  development  in  the  Imago,  to  whose  actions  the  facoltj  of 
night  ia  essential. 

'  "  Reclierchea  EKp^rimetitalea  aur  lea  propritit^s  et  lesfoactioDS  du  Syatime  Nerreox, 
2nd  eJit.,  1846. 

•  "  Ezper.  de  effect,  liesion.  m  pnrtibua  Encephnli,"  Berol.,  1826. 

•  "  Lemons  oar  les  Fonctions  du  9j9tfeme  Nerveujt,"  Paris,  1839. 

•  "  Tmitfi  de  Physiologie,"  torn.  ii.  partie  2. 

•  It  must  not  be  forgotten  that,  in  auch  experiments,  the  aeverity  of  the  opermtiw 
of  Itself  occasion  a  Buapensioii  or  disturbance  of  the  functions  of  parts  tliAt  remain  :  so  that 
the  lau  of  a  power  must  not  be  at  otiee  inftirred  from  tiie  abseuce  of  its  mnaifestatiui 
Hut  the  peniitenct  of  a  power,  after  the  romoval  of  n  particular  organ,  is  a  clear  proof 
it  OBUDOt  be  the  peculiar  attribute  of  that  organ. 
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pet  conscious  of  tentations^  as  appears  from  tte  movements  occasioned  by  light 
R'  by  (pounds,  or  from  those  whicti  he  executes  to  withdraw  the  body  from  aa 
.neasy  position. 

530  The  results  of  other  eiperimenta  made  upon  the  Sensory  panjrlia  them- 
peWes,  and  upon  the  organs  from  which  they  derive  their  impressions,  confirm 
Ihis  view ;  by  showing  that  the  ordinary  movements  are  seriously  perturbed,  and 
that  in  some  instances  a  bow  set  of  automatic  movements  is  induced,  when  the 
liormal  relations  between  the  sensory  and  motor  apparatus  lire  disarranged.     Of 

Kbe  functions  (»f  the  ganglia  of  special  sense,  those  of  the  Corpora  Quadnge- 
nina  are  the  chief  which  have  been  examined  ejcperiraen tally.  The  Tesearcbes 
of  Flourens  and  Hertwijf  have  shown,  that  the  connection  of  these  bodies  with 
the  visual  function,  which  might  be  inferred  from  their  anatomical  relations,  is 
thus  substantiated.     The   partial   loss  of  the   gauj^lion  on  one   side    produces 

partial  loss  of  power  and  temporary  blindness  on  the  opposite  side  of  the  body, 
irilhuut  necessarily  destroying  the  mobility  of  the  pupil;  but  the  removal  of  a 
larger  portion,  or  complete  extirpation  of  it,  occa.«ions  permanent  blindnesyi  and 
immobility  of  the  pupil,  with  tcuiponiry  muscular  weakness  on  the  opposite  side. 
This  temporary  disorder  of  the  muscular  sys^t^m  sometimes  manife.<»ts  itself  in  a 

^tendency  to  move  on  the  axis,  as  if  the  Hnimal  were  giddy.  No  disturbance  of 
conscionsness  appears  to  be  produced;  llertwig  states  that  he  never  witnessed 

i^the  convulsions,  which  Flourens  uientions  as  a  consequence  of  the  operation,  and 
|Whtch  were  probal>ly  occasioned  by  his  incision  having  been  carried  too  deeply. 
As  LoDget  has  justly  remarked,  it  is  difiicult,  if  not  impossible,  to  remove  one 
or  both  of  these  ganglionic  masses,  witliont  doing  such  an  injury  to  the  Crura 
Cerebri  on  which  they  repose,  as  shall  in  great  degree  account  for  such  dis- 
turbed movements  (§  534).  Irritation  of  one  of  the  Tubcrcula  Quadrigeraina 
lias  been  observed,  both  by  Flourens  and  Longet,  to  produce  contraction  of  the 
pupils  of  both  e3'ca. — These  results  of  experinient  are  partly  confirmed  by  Path- 
ological phenomena  in  Man;  for  there  are  many  instances  on  record,  iu  whifh 
blindness  has  been  one  of  the  consequences  nf  diseased  alterations  in  one  or  both 
tubercles;  and  in  fiomc  of  the  eases  in  which  the  lesion  extendi-d  to  parts  seated 
beneath  the  tubercles,  disturbed  movements  were  observed. — The  subservience 
of  these  bodies  to  the  exercise  of  the  visual  sense,  appears,  on  the  whole,  to  be 
the  point  best  established  in  regard  to  their  functions;  and  considertug  the 
degree  in  which  this  sense  is  concerned  in  the  regulation  of  the  general  move- 
ments of  the  body,  it  is  not  surprising  that  Ici^ious  of  its  centre  should  occasioD 
a  perversion  of  these  movements.  This  appears  the  moro  probable  from  the 
Ikct,  that,  in  animals  whose  Sensory  ganglia  bear  so  large  a  proportion  to  the 
whole  Encephalon,  that  we  must  look  upon  them  as  the  principle  centres  of 
iuot<jr  activity,  instead  of  being  chiefly  concerned  (as  in  Man)  in  the  mere 
ffuidance  of  movements  whose  origin  is  Cerebral,  lesions  of  the  organ  of  sense, 
from  which  the  impressions  that  excite  the  sensori-motor  impulses  are  derived, 
produce  a  corresponding  disturbance.  Thus  Flourena  found  that  a  vertiginous 
movement  may  be  induced  in  Pigeons  by  simply  blinding  one  eye;  and  Longet 
produced  the  same  effect  by  evacuating  the  humours  of  the  eye, 

531.  It  is  probably  on  the  same  ftrinciple,  that  we  are  to  account  for  the 
remarkable  results  obtained  by  Flourens  (Op.  Cit.)  from  section  of  the  portion  of 
the  Auditory  nerve  proceeding  to  the  Semi-circular  canals.  Section  of  the  hori- 
tontal  Serai-circular  canal  in  Pigeons,  on  both  sides,  induces  a  rapid  jerking  hori- 
zontal movement  of  the  bead,  from  side  to  side  ;  and  a  tendency  to  turn  to  one  side, 
which  manifests  itself  whenever  the  animal  attempts  to  walk  forwards.  Section  of 
a  vertical  canal,  whether  the  superior  or  inferior,  of  both  sides,  is  followed  by  a  vio- 
lent vertical  movement  of  the  head.     And  section  of  the  horizontal  and  vertical 

!  canals,  at  the  same  time,  causea  horizontal  and  vertical  movements.  Section  of  either 

,  oanal  on  one  side  only,  is  followed  by  the  same  effect  aa  when  the  canal  is  divided 
I  both  sides;  but  this  is  inferior  in  intensity.     The  movements  continue  to  be 
62 
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performed  during  several  months.  In  Rabbit«^  section  of  the  horizonta]  canal  is 
follriwed  by  the  same  tiiovementH  as  are  exhibi»ed  by  Pigeona  ;  and  tbey  are  eren 
more  constant,  thoufrh  less  violent.  Section  of  the  anterior  vertical  canal  cawea 
the  animal  to  make  continued  forward  '  somersets  ;'  whilst  section  of  the  posterior 
vertical  canal  occasions  continued  backward  'somersets.'  The  nooveraent?  cci« 
when  the  anttiial  is  in  repope;  and  they  recommence  when  it  begins  to  move, 
increftsiog  in  violence  as  its  motion  is  more  rapid. — These  curious  results  tie 
supposed  by  M.  Flourens  to  indicate,  that  the  nerve  supplying  the  semi-drcular 
canals  does  not  mininter  to  the  sense  of  hoarin|r,  but  to  the  direction  of  the 
movements  of  the  animal ;  but  they  arc  fuUy  explained  upon  the  supposition, 
that  the  normal  function  of  the  semi-circular  canals  is  to  indicate  to  the  animal 
the  dtreclion  of  enundsi,  and  that  its  movements  are  partly  determined  by  these; 
so  that  a  destruction  of  one  or  other  of  them  will  produce  an  irregularity  of 
movement  (resulting  as  it  would  seem,  from  a  sort  of  giddiness  on  the  part  of  the 
animal),  just  iis  when  one  of  the  eyes  of  a  bird  is  covered  or  destiroyed,  as  in  the 
experiments  previously  citcnl. 

632.  The  nuniernus  experiments  which  have  been  made,  for  the  purpose  of 
determining  the  functions  of  the  Thalami  Optici  and  Corpora  Striata,  have  oot 
yielded  any  very  satisfactory  results  ;  and  this  on  account  of  the  impossibility  of 
completely  isolating  them,  in  such  a  manner  as  to  limit  the  operation  (whether 
this  be  section,  removal,  or  irritation)  to  them  alone.  Thus  it  is  impossible  to 
remove  them,  either  separately  or  conjointly,  without  first  removing  the  Cerebnl 
Heniisphercs ;  and  the  Thnlumi  cannot  be  entirely  removed,  without  dividing 
the  stratum  of  fibres  which  traverse  their  deeper  portion  in  their  passage  to  the 
Corpora  Striata. — The  Tbalami  Optici  have  not  that  relation  to  the  visual  seaw 
which  their  dosijrnation  would  imply  ;  for  (according  to  the  a£Rrmation  of  Longet) 
they  may  be  completely  destroyed  in  Mammals  and  Birds,  without  dei^tructioo  of 
Bight  or  loss  of  the  activity  of  the  pupil.  And  irritation  of  one  or  both  of  them 
produces  no  contraction  of  the  pupil.  It  seems  probable,  therefore,  that  the  loffl 
of  sight  with  dilatation  and  immobility  of  the  pupil,  which  is  frequently  obsenrnl 
in  cases  of  apoplectic  effusion  into  the  substance  of  the  Thalami,  is  really  due  to  the 
compression  of  the  Optic  nerves  which  lie  beneath  them.  These  bodies  appear, 
hdwever,  to  po!»ges8  a  very  decided  influence  on  the  power  of  voluntary  moves 
ment;  for  although  an  aninrEtl  maintains  its  balance,  and  can  be  made  to  more 
onwards,  after  the  removal  of  the  Cerebrftl  Hemispheres,  and  even  after  the 
removal  of  the  Corpora  Striata,  yet  if  either  of  the  Thalami  Optici  be  removed, 
the  sensibility  and  power  of  voluntary  movement  are  destroyed  on  the  opvotitc 
side  of  the  body,  and  the  animal  consequently  falls  over  to  that  side  (Longel). 
If,  instead  of  the  entire  removal  of  one  of  the  Thalami,  an  incision  be  made  in 
it  without  the  previous  removal  of  the  Cerebrum,  the  animal  keeps  turning  to 
one  side  in  a  circular  manner  (evolution  du  manage) :  according  to  Longet  «od 
Lafargue,  this  movement  is  directed  in  the  rabbit  towards  the  opposite  aide; 
whilst  Flourens  states  that  in  the  frog  its  direction  is  towards  the  injured  side; 
and  according  to  Schiff '  the  destruction  of  the  three  anterior  fourths  of  this 
organ  in  the  rabbit  determines  this  movement  towards  the  injured  side,  whilst 
that  of  the  posterior  fourth  determines  the  movement  towards  the  opposite  side. 
No  mechanical  irritation  of  the  Thalami  produces  either  signs  of  pain  or  museo* 
Itir  movement;  and  this  fact  might  at  first  appear  to  negative  the  doctrine  that 
these  organs  are  the  ganglia  of  common  sensation.  But  it  must  be  borne  in 
mind  that  the  production  of  pain  by  mechanical  injuries,  is  by  no  means  an 
universal  phenomenon  in  the  case  of  the  uerve-^nyw/«  which  minister  to  sensa- 
tion,— the  olfactive,  optic,  and  auditory  nerves  being  exempted;  and  it  need 
occasion  stiil  less  surprise^  therefore,  that  a  nervous  centre  should  be  destitute  of 
this  kind  of  impressibility. 

553,  The  effects  of  legions  of  the  Corpora  Striata  are  less  distinctiv  marked. 

'  Roser'a  und  WunJerlicli'a  «*  Archiv.  fiir  Physiol-,  HeiltmjiJe,"  1846,  {  GC7, 
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ItVas  affirmed  by  Magendie,  thnt  there  exists  in  tbem  a  motor  power  wbicb 
excites  backxcard  movement,  and  that  a  cnrreppouding  power  of  exc\i'\n g  Jhncard 
movement  exists  in  the  Cerebulluui ;  that  these  two  powers  ordinarily  balance  one 
another;  but  that,  if  either  organ  be  removed,  the  power  of  the  other  will  occa- 
sion a  continual  automatic  movement,  the  removal  of  the  Corpora  Striata  causing 
an  irresistible  tendency  to  forwanl  progrepsion,  whilst  the  division  of  the  pedun- 
cles of  the  Cerebellum  (according  to  him)  occasions  the  reverse  movemeot! 
These  assertions,  however,  have  not  been  confirmed  by  other  experimenters.  Ac- 
cording to  Longet  (Op.  cit.),  Schifl','  and  Lafiirguej,*  the  results  of  removal  of  the 
Corpora  Striata  with  the  anterior  part  of  the  Cerebral  heroiepberes,  are  for  the 
most  part  negative)  for  the  aninia!  usually  remains  in  a  state  of  profound  stupor, 
although  still  retatniug  the  erect  position  ',  and  it  is  only  when  irritated  by 
pinching  or  pricking,  that  it  will  execute  any  rapid  tnoveuients.  No  mechanical 
irritation  of  the  Corpora  Striata  produces  either  signs  of  paia  or  muscular 
movement. 

584.  When  the  fibrous  tracts  which  connect  these  ganglionic  masses  with  the 
Medulla  Oblongata,  and  which  are  commonly  (but  erroneously)  desig'oated  as  the 
Crxira  Cerebri,  are  completely  divided,  the  result,  as  might  be  anticipated,  is  the 
annihilation  of  sensibility  and  of  the  power  of  voluntary  movement  ia  the  body 
penerally.*  When,  however,  the  Crura  Cerebri  of  a  rabbit  are  not  completely 
divided,  but  one  of  them  is  partially  cut-through,  a  little  in  front  of  the  Pons 
A^'arolti,  the  animal  is  said  by  Lcmget  and  SchifT  to  exhibit  a  constant  tendency 
to  turn  towards  the  side  opposite  to  that  of  the  lesion,  so  that  it  performs  the  cir- 
cular evoiulion  Ju  manhje  ;  the  diameter  of  its  circle  of  movement  being  smaller, 
in  proportion  as  the  incision  approaches  the  edge  of  the  Pons.  But  if  one  of 
the  Crura  be  completely  divided,  the  animal  then  falls-over  on  the  oppoeite  Bide; 
the  limbs  of  that  side  being  paralysed  to  the  influence  of  the  Encephalic  centres, 
though  they  may  be  still  caused  to  exhibit  rcilex  motions.  Hence  it  appears 
that  the  circular  moveraenta  which  are  performed  after  incomplete  lesions  of  the 
0ni6  Cerebri  and  Thalamus  Opticus  of  either  side,  are  due  to  the  weakening  of 
the  sensori-motor  apparatus  of  the  opposit-e  side,  whereby  the  balance  of  the  mus- 
cular actions  of  the  two  sides  is  destroyed.  Nearly  the  same  results  have  been 
obtained  on  this  point  by  Longet,  Lafargue,  and  Schiff.* 

'  *'  De  vi  motoriii  baseas  eoGephaU,"  Bockenhemii,  1845. 

'  "Essai  sur  la  valcur  dea  localijiritions  enc^phaliques,"  Ac,  Thfcae  Tnaug.,  Paris,  1838. 

•  It  if  considered  by  Longet  that  tbese  functions  are  not  complttdtf  deatrojred,  because 
the  animals  on  which  this  operation  baa  been  performed  still  retain  some  poirer  jf  move- 
in«Dt,  and  respond  bjr  cries  to  itnpressiona  tlint  ordinarilj  produce  pain.  There  is  no  proof, 
however,  thnt  such  actions  are  other  than  'excito-motor;'  the;  certainly  cannot  in  thero- 
aelves  be  admitted  as  proying  tbe  persistence  of  cooBciousness  in  the  lower  segmeot  of  the 
Cerebro-Spinal  axis. 

•  [Dr.  Brown-S^qoard,  whose  experimental  researches  have  been  frequently  qii  jted,  has 
published  the  following  raumi  of  the  phenomeoa  produced  by  injuriea  of  the  nervoua 
BTSletn.' 

Pourfour  du  Petit  and  Sl^h^e  de  la  Tonche  were  the  first  experimenters  who  witnessed 
turning  produced  by  an  injury  of  the  nervous  centres.  Bui  the  first  valuable  researches 
on  this  phenomenon  were  made  by  Mngendie  and  Flourens. 

The  parts  of  the  cerebro-spinal  centre  which  may  be  injured  without  producing  turning, 
■re :  the  cerebral  bemitiphcres,  the  cerebellum,  the  corpora  etriatn,  the  corpus  callosutn, 
the  spinal  marrow,  and  the  olfactive  and  optio  nerves.*  Ii\juries  of  all  the  other  part&  of 
the  cerebro-spinal  centres  may  produce  turning  or  rolling. 

These  circulotory  or  rotatory  movements  take  place  sometimes  on  the  same  side  of  the 
bndy,  and  sometimes  on  the  side  opposite  to  that  portion  of  the  encephalon  which  has  been 
itgured, 

•  ["Phil.  Med.  Examiner/*  August,  1852.] 

•  [The  three  nerves  of  the  superior  senses,  the  olfactire.  the  optic,  and  the  auditive,  are 
wnu<iered,  by  the  author  of  the  article  here  quoted,  aa  a  purt  of  the  nervous  centres. — Eo.J 
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535.  Cnnfbierattle  iiDport&nce  is  attnclied  by  BOine  Plysiologii»t»  to  the  |wrti 

Itlie  Enceplialon  known  ns  the  Tuber  Avnvlarr,  to  which  the  Dame  of  Mn 

Jtah  has  also  been  piven.     This  is  not  altogether  Bynonymoos  with  the  I'tmt 

Varolii,  ns  smnie  Anatomists  have  represented  it ;  for,  while  the  latter  consists  of 

msverse  fibres,  which  form   ihe  comntilssure  between  the  hemiepheree  of  tbe 

'Cerebellum,  sarroundiug  and  paesing   between  the  longitudinal  fibres  of  tbt 

A  pnncture  of  one  of  tb«  following  pnrts  prodnoefl  tumiug  or  rolling  sometimes  on  the 
iqjiired  fide,  nometimes  on  the  opposite : — 

1.  The  Anterior  extrfinity  of  tlie  itinlnnii  optioi,  according  to  8chiff. 

2.  The  crurft  cerebri,  Bccording  to  Mngendie. 
8.  The  bi-,  or  qiiadrigeiDiDi.1  tuberclea,  Bccordiog  to  Flonrens. 

4.  The  roDH  Varolii. 

5.  The  pc?terior  purt  of  the  procesniB  cerehelli  nd  postern. 

6.  The  Baditive  nerre,  according  to  Brown-S^qunrd. 

7.  The  medulta  obloTignia  at  the  point  of  insertion  of  the  fncial  nerre,  iiccordisg  t« 
fxperiments  of  Urown-.SfqHard,  in  cototnon  with  IV.  Marlin-MBgron. 

8.  The  medulla  oblongttn  outside  of  th«  anterior  pjrsmide,  accordiog  to  llagendie. 

9.  A  great  part  of  tbe  posterior  face  of  the  nedtilla  oblongata,  according  to  Bion- 
^Wqflwrd. 

Tbe  parts  of  the  encephalon  which  produce  turning  or  rolling  on  the  opposite  ttds 
*re:— 

1.  Tbe  posterior  extremity  of  the  thalatni  optiot,  accordicg  to  SchifiT. 

2.  Tbe  crura  cerebri,  according  to  Lafar^ue. 
8.  The  nnierior  part  of  the  proccsBus  cerebelli  ad  pontem. 
4.  A  email  pnrt  of  tbe  medQlla  oblongntn  before  the  nib  of  the  calamne  ecriptorioB  uJ 

behind  the  corpora  oliraria,  according  to  Brown-S^quard's  eiperimenta  in  eonmon  witi 
Dr.  Marlin-Magron. 

Boine  of  thcdc  two  series  of  ports  ordinarilj  prodnoe  turning,  and  otbera  rolling.  Bet 
tho^e  two  kinds  of  moirement!)  cno  be  produced  by  tbe  pnncture  of  a  single  part  of  the 
encophaton.  Boiling  is  nothing  but  the  exnggeration  of  turning;  thus,  after  e  pttoctvrs 
of  the  medulla  oblongntn,  the  animftl  &t  6rst  rolls,  and  after  some  instante,  instead  of 
rolling,  it  turns.  If,  irhen  it  is  turniug,  a  slight  puncture  is  made  anew,  close  to  the  fint, 
then  the  animal  rolls. 

1.  Turning  and  RoUing  eauted  h/  tearing  the  Facial  Krrvt. — Dr.  Slartin-Magroo  and  Dr. 
I  Brown-8*quard  hnTe  discovered  thflt,  if  the  focial  nerve  of  a  rabbit  or  a  guinea-pig  be 

exposed  at  ita  exit  from  the  Btylo-maatoid  foramen,  and  then  drawn  nwaj  from  the  cra- 
nium, so  as  to  tear  it  osnnder  near  its  origici,  the  animal  begins  in  about  five  minate«  to 
turn  it!<elf  round  and  round,  the  movennent  being  from  left  to  right  when  the  nerve  has 
been  thus  torn  on  the  left  side,  and  from  right  to  left  when  it  has  been  torn  on  the  nf^X 
4ide.  This  rotation  is  generally  preceded  by  conTulBive  moveinenta  of  the  eye*,  of  tbe 
jaws,  and  of  the  head  upon  the  trunk  :  and  the  body  is  then  bent  (as  in  pleurosthotonof) 
towards  the  injured  side,  by  the  contraction  of  all  the  longitudinal  muscles  of  that  side, 
the  power  of  which  is  such  ns  to  resist  considemble  force  applied  to  extend  them.  Tbe 
moTemeut  at  first  takes  place  in  a  sroall  circle;  but  the  circle  gencrnlly  enlarges  more  atul 
more,  until  at  last,  after  twenty  or  thirty  minute.",  the  animni  walks  in  a  straight  lies^ 
There  is  no  parulypis  of  any  muscles,  savo  the  facial.  Tbe  effect  is  not  produced,  unim 
the  nerre  be  lorn  close  to  its  origin. 

When  the  nei^e  on  the  other  side  also  is  torn,  even  after  a  long  interral,  instead  of 
tendency  to  turn  to  one  side,  there  is,  at  first,  a  rolling  of  the  bo<ty  on  ita  longitu 
axis,  ifbich  takcd  plnce  towards  the  side  last  opernted  on.     After  this  has  continued,  bow 
'iver,  for  tventy  mtimtes  or  more,  the  aainial  recovers  its  feet,  and  begins  to  turn,  aa after 
the  first  operntion,  but  Inwards  the  other  side.     This  movement  soon  ceases. 

Dr.  MnrtiU'Magroo  and  the  author  think  that  tbe  cause  of  these  phenomena  docs  not 
exist  it)  the  facial  nerve  itself,  but  in  tbe  part  of  the  medulla  oblongata  from  which  ihii 
nerve  originates.' 

2.  Tumiug  nnd  Rolling  produetd  htf  an  Injvrif  to  the  Medulla  Ohlongata. — M.  Mageodit* 
says:  "  Having  raised  up  the  cerebellum,  I  made  a  section  perpendicularly  to  the  earface 
of  the  fourth  veutricle,  and  at  three  or  four  millimetres  frum  the  median  line.  If  I  eet 
on  the  right,  the  animal  will  turn  on  tbe  right  side ;  if  I  cut  on  the  left,  it  will  tora  M 
the  left  side." 

If  we  suppose  a  plane  cutting  the  medulla  oblongata  transTcrsely  at  the  distance  of 
nearly  two  lines  before  the  nib  of  the  calamus  scri|>torius,  the  posterior  face  of  the  medulla 
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'  [See  "Oai.  M^d.  de  Paris."  t.  iv.  p.  87^.] 

•  ["Precis  El<;m.  de  Physiol.,**  Paris,  188G,  L  i.  p.  414.] 
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8eQ»ory  and  Motor  tracts  which  coostitute  ihe  Crura  Cerebri,  the  Tuber  Annu- 
lare (which  exists  in  animals  whoee  Cerebellum  has  no  hemisphercB)  is  a.  projec- 
tion from  the  surface  of  the  proper  Medulla  Oblongata,  containing  a  considerable 
nucleus  of  vesicular  matter.  The  experiments  of  Looget  have  led  him  to  the 
conclusion,  that  this  puiglionic  mass  is  nn  iodcpcndont  centre  of  sensation  and 
of  motor  power;  but  they  do  not  afford  any  clear  iDforraalion  as  to  its  special 

oblongata  will  be  divided  into  two  parts:  one  before  that  plane  which  the  antbor  coUp 
superior,  and  the  other  behind,  or  itiferiur. 

N">w,  every  puncture  on  that  superior  part  produccB  turning  or  rolling  on  the  side  which 
has  been  punctured.  The  Blightettt  puncture  ou  the  processuA  cerebelli  nd  tnedullani  ob- 
loogatam  will  produce  a  yiolent  and  very  rapid  rolling.  As  long  as  the  animal  lives  after 
tlie  operation,  it  rolls  or  tnrns  every  time  it  tries  to  walk.  Similar  movementa  have  been 
observed  in  men;  as  by  M.  Serree,  in  a  man  in  whom  therd  was  an  apopleotio  effusion  in 
the  right  crus  ccrebelli,  and  by  M.  Bellehomme,  in  a  woman,  in  whom  an  exostosis  pressed 
on  tba  left  orus. 

When  (iw  Dr.  Martin-MagroD  and  Ibe  author  have  discovered)  a  deep  section  is  made 
on  the  iuferiur  part  of  the  posterior  face  of  the  medulla  oblongata,  before  the  nib  of  the 
calamus  scriptorius,  turning  ie  produced  on  the  side  of  the  body  opposite  to  the  punctured 
aide  of  the  medulla.  A  rabbit,  which  lived  thirteen  rinys  nft*r  the  operation,  had  still  the 
ciroulatory  movement  a  few  hours  before  dying;  although  eoiaotimes  the  animal  could 
valk  nearly  straight  for  a  few  seconds. 

8.  Turning produetd  by  a  Puncture  or  a  ttetion  of  the  Acouttie  Nerve,  —  Flourens  has  duh 
covered  that  after  the  section  of  the  semicircular  canals,  taming  sometimes  takes  place. 

The  author  has  found  all  the  facts  detailed  iu  relation  lu  this  subject.  It  was  interesting 
to  know  whether  a  puncture  or  the  section  of  the  auditive  nerii-e  would  produce  toming. 
As  it  was  impoBsible  to  operate  on  that  nerve  in  mammals,  ho  experimented  ou  froga.  In 
theae  amphibia,  it  is  easy  to  find  the  nerve  and  to  act  upon  it.  He  found  that,  after  a 
puncture  or  a  section  on  the  trunk  of  the  nerve,  the  animal  began  instantly  to  turn.  Aa 
long  as  the  frogs  live,  after  a  puncture  of  the  acoustic  nerve,  they  turn ;  but  the  circle  of 
turning  is  much  smaller  a  short  time  after  the  operation  than  afterwards^  He  has  kept 
•uoh  frogs  alive  for  months. 

4.  On  a  yew  Mode  of  Turning. — The  same  experimenter  has  discovered  a  mode  of  turn- 
ing which  baa  some  of  the  characters  of  both  turning  and  rolling. 

lu  the  circulatory  movement  called  turning  (moupemmt  dt  manige),  the  body  of  the 
animal  is  bent  on  one  of  the  lateral  sides.  It  has  the  shape  of  an  arch,  and  this  arch  is 
generally  a  part  of  the  circumference  described  by  the  animal  when  turning.  The  amaller 
the  radius  of  that  arch,  the  smaller  is  the  circle  of  turning. 

In  the  new  mode  of  turning,  the  body  of  the  animal  is  not  bent,  and  when  it  walks  it  mores 
laterally,  instead  of  going  forwards.  In  turning,  it  describes  a  circle,  but  the  longitudi- 
nal axis  of  its  body,  instead  of  being  then  a  pari  of  the  circumference,  is  a  part  of  a 
radius,  so  that  its  head  is  at  the  circumference,  and  its  tail  towards  the  centre  of  the 
described  circle. 

This  mode  of  taming  has  been  performed  by  animala  on  whom  the  quadrigeminal  tuber- 
claa  and  the  pong  Tarolii,  on  one  side,  bad  been  punctured  by  a  pin.  One  of  the  ej'es  was 
convulsed;  the  other  was  in  its  normal  condition.  The  convulsed  eye  was  the  right  one, 
and  the  tubercles  punctured  were  those  of  the  left  side. 

6.  On  iht  Caiuet  of  Turning  and  Soiling. — 1.  As  the  slightest  puncture  of  certain  parts 
of  the  encephalon  is  sufficient  to  produce  turning  or  rolling,  it  is  evident  that  those  rota- 
ting movements  do  not  exist  in  consequence  of  an  hemiplegia,  as  Lafargrue,  Longct,  and 
Schiff  believe  they  dq.  Another  reason  is  that  every  degree  of  beiniplegia  exists  in  man 
without  being  accompanied  by  turning  or  rolling.  Besides,  these  phenomena  have  been 
observed  in  persons  who  had  no  paralysis  at  all. 

2.  The  theories  of  Magendie  and  Fbnrena  are  also  opposed  bj  the  fact  that  a  slight 
puncture  is  sufficient  to  produce  turning  or  rolling. 

8.  As  to  the  theory  of  Henl<^,  which  la  based  upon  the  existence  of  convulsioos  in  the 
•je,  producing  a  kind  of  vertigo,  it  boa  against  it  the  facts  that,  on  one  side,  convulsions 
nay  exi«t  in  tlie  eyes  without  any  other  disorder  in  the  movements ;  and,  on  the  other 
aide,  sometimes  turning  or  rolling  exists  without  any  convuJsiorts  in  the  eyes.' 

Nevertheless,  in  many  cases,  the  vertigo  cousequent  on  convulsions  of  the  eyes  is  one 
element  of  the  cause  of  turning.  And  in  certain  cases,  paralysis  of  some  parts  of  the 
body  may  facilitate  the  rotatory  movemeats.  But  their  great  cause  is  the  existence  of  a 
convulsive  contraction  in  some  of  the  muscles,  on  one  side  of  the  body.  These  convulsive 
contractions  ore  to  be  found  in  every  case  of  circulatory  or  rotatory  movement.  As  tc 
the  cause  of  these  contractions,  it  exists  in  the  irritatiao  produced  in  certain  parts  of  the 
encephalon. — Eo.] 

'  [See  a  very  remarkable  CA'^e  observed  by  Dr.  Leliiret.  in  "Comptes  Beudub  et  M'imoirer 
de  hi  doc.  Biulogie,"  annexe  1850,  I'aris,  Ifeul,  t.  ii.  p.  7.] 
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aUributea.  He  slates,  however,  that  convulsive  movements  are  eicit*-d  by  im- 
tating  it,  and  especially  by  tbe  transiuission  of  an  electric  current  tbroU|tb  its 
substance.  Those  movements,  however,  according  to  the  testimony  of  Dr.  Todd, 
appear  to  be  of  a  difftTent  rhamcter  from  those  whieb  are  excited  by  the  appli- 
cation of  the  same  stimulus  to  the  8pinal  Cord  and  Medulla  Oblongata;  for  he 
states  that  whilst  the  convulsions  excited  by  the  transmission  of  the  current  of 
the  niagneto-clectrio  machine  ihroujjh  the  parts  just  named,  are  Manic,  the  rou«- 
cles  being  thrown  into  a  state  o(  jixed  contraction, — those  which  ensue  when  the 
current  is  transmitted  through  the  repion  of  the  Jlesocephale  and  Corpora  Quad- 
rigcmina,  are  ep}lej>t\c,  being  combined  movements  of  alternate  contraction  and 
relaxation,  flexion  and  extension,  uffucting  the  musclt^s  of  all  the  liiubs^  of  tbe 
trunk,  and  of  the  eyes,  which  roll -about  just  as  in  epilepsy.' 

&36.  Tbe  evidence  afforded  by  Pathology,  regardiog  the  functiong  of  these 
Ganglionic  masses,  is  far  from  being  <;tilf-consistent ;  and  this  arises,  it  moj  be 
surmii>cd,  from  the  circumstance  that  the  cflFecfs  of  morbid  changes  (particula 
of  sanguineous  ofTuaions)  in  nny  part  of  the  Kncephalon,  extend  themselves 
other  parts  than  those  in  which  the  obvious  lesions  are  found ;  as  is  abundaui 
proved  by  tbe  great  variety  of  phenomena  which  present  themselves  a« 
results  of  lesions  apparently  stmilur,  and  by  tbe  similarity  of  the  phenomena 
are  frequently  consequent  upnn  lesions  of  very  different  parts.  So  far  as  is 
known,  extensive  disease  of  cither  the  Thalamus  Opticus  or  the  Corpus  Striate 
of  one  side  produces  heniiplepia,  or  paraljeis  both  of  sensation  and  motion 
the  opposite  side.  The  same  result  very  conimorily  follows  an  apoplectic  effusioa 
into  tbe  substance  of  either;  and  although  it  has  been  maintained  that  when  tb« 
[lesion  is  limited  to  the  Corpus  Striatum,  the  posterior  member  is  peculiarly  or 
alone  afiected,  and  that  U-sion  of  the  Thakmus  Opticus  alone  has  a  special  ten- 
dency to  occasion  paralysis  of  the  anterior  member,  yet  the  careful  analyt>is  which 
baa  been  made  by  Andnil'  into  the  pathological  phenomena  afforded  by  seventy- 
five  eases  of  paralysis  in  which  the  apoplectic  effusion  was  limited  to  one  or  othrr 
of  these  bodies,  does  not  afford  the  least  countenance  to  any  such  doctrine.  And 
it  is  affirmed  by  Longet,  that  injury  or  removal  of  the  Corpus  Striatum  of  one 
side  did  not,  in  bis  experiments,  affect  the  posterior  more  than  the  anterior  hnib; 
nor  could  he  detect  any  difference  in  the  coudition  of  these  limbs  after  the  re- 
moval of  the  Thalamus. 

537.  In  employing  the  information  derived  from  tbe  foregoing  soarces,  as  a 
guide  in  the  enquiry  into  the  part  performed  by  the  Sensory  Ganglia  in  the 
ordinary  operations  of  the  Cerebro-Sptnal  system,  we  have  to  distinguish,  as  in 
the  case  of  tbe  Spinal  Cord,  between  their  operation  as  independent  centres,  and 
their  action  in  subservience  to  the  Cerebrum,  which  is  superposed  upon  them. 
We  have  seen  reason  to  conclude  that,  in  their  former  capacity,  they  are  to  be 
regarded  as  tbe  true  seat  of  Sntiotmn  (i.  e.  the  material  instruments  through 
which  rhc  consciousness  becomes  affet-ted  by  external  impressions,)  and  as  the 
instrument,  in  virtue  of  their  own  'reflex'  power,  of  that  class  of  Instinctive  or 
Automatic  movements,  which  require  to  be  prompted  and  guided  by  scnsatiim;. 
and  which  cannot,  therefore,  be  referred  to  the  excito-niotor  group.  But  although 
it  Is  sufficiently  obvioaa  that  such  movements  constitute  the  highest  manifesta- 
tions of  Animal  life  in  the  Invcrtebrnta  generally,  and  that  they  are  but  little 
modified  by  any  higher  principle  of  action  even  in  the  lower  Vertebrata,  yet  it  i* 
no  lass  obvious  that  in  adult  Man,  in  whom  tbe  Intelligence  and  Will  are  fully 
developed,  we  have  comparatively  little  evidence  of  this  independent  reflex  action 
of  the  Sensory  Ganglia: — all  those  automatic  actions  which  are  immediateJy 
necessary  for  the  maintenance  of  his  Organic  life,  being  provided-for  by  tbe 
excito-motor  portion  of  the   apparatus,  so  that   although    sensation    ordinanlj 

■  Liimleian    Lectures    ■  On   the  Pathology  and    Treatuient  of  CoQVuUive  Diseues,'  ia 
••Medical  Gaiette."  Mny  H,  1849. 
*  "  Cliaiiiua  M^dk&Ir,"  torn.  li.  p.  G64,  ct  seq. 


FUNCTIONS  OP  SENSORY  GANGLIA  ; — CONSENSUAL  MOVEMENTS.      508 


ipanics  most  of  tbetn,  it  is  not  essential  to  them  ;  whilst  those  which  are 
necessary  to  provide  more  remotdi/  for  its  requirements,  are  for  the  most  part 
cooiiuitted  to  the  guidance  of  his  Reason.  For  the  impressions  which  have  been 
brought  by  the  afferent  nerves  to  Lis  Scnsorium,  and  which  have  there  produced 
sensations,  do  not  in  genera]  react  at  once  upon  the  motor  apparatus  (as  they  do 
in  thofie  aniinals  in  which  the  Sensory  Gaitglia  are  the  hit/hest  of  the  ncrvoua 
centres),  but  usually  transtnit  their  itiflucnee  upwards  to  the  Cerebrum,  thnmjrh 
whose  instrameutality  they  give  rise  to  ideaa  and  reasoning  processes,  which 
operate  upon  the  motor  appuratus  either  emoljonally  or  volitionaHy.  And  it  is 
for  the  most  port  only  when  this  upward  tranamisaion  ia  checked,  either  by  the 
non-development  or  the  functional  inaL-tivify  of  the  Cerebrum,  or  by  its  complete 
occupation  in  some  other  train  of  action, — or,  on  the  other  hand,  when  the  reflex 
action  of  the  Sensory  ganglia  is  called  into  play  with  unusual  potency, — that  we 
have  any  manifestations  of  the  sensori-moti^  or  cotisfiimial  mode  of  operation 
in  Man,  that  are  at  all  comparable  in  variety  or  importance  to  those  instinctive 
atcts  which  arc  so  remarkable  in  the  tower  animals  (§  45!1). 

538.  Still,  sufficient  evidence  of  the  existence  of  this  class  of  reflex  move- 
ments may  be  drawn  from  observation  of  the  actions  of  Man  in  bis  ordinary 
condition  ;  examples  of  it  being  furnished  (as  we  have  seen)  by  the  closure  of 
the  eyes  to  a  dazzling  light,  the  start  caused  by  a.  load  and  unexpected  sound, 
and  the  sneezing  excited  by  spn.^ory  imprcHsions  on  the  Schneidoriun  membrane 

tor  on  the  Retina.  To  these  may  be  added  the  vomiting  produced  by  various  sen- 
sory impressions,  ds  the  sight  of  a  loathsome  object,  a  disagreeable  smell,  a 
nauseous  taste,  or  that  peculiar  feeling  of  want  of  support  which  gives  rise  to 
'aea-eickDesfl/  especiiilly  when  combined  with  the  sight  of  continually-shifting 
lines  and  surfaces,  which  ittit;!f  in  many  individuals  dif^poscs  to  the  same  state; 
the  ioToluDtary  laughter  which  is  excited  by  tickling,  and  also  that  which  some- 
times bursts-forth  at  the  provocation  of  some  Biglit  or  Bound  to  which  no 
ludicrous  idea  or  emotion  can  be  attached;  the  yawning  which  is  excited  by  an 
internal  sensation  of  uneasiness  (usually  arising  from  deficient  respiration),  or  by 
the  sight  or  sound  of  the  act  as  performed  by  another;  and  those  involuntiiry 
movements  of  the  body  and  limbs,  excited  by  uneasy  sensations,  {probably  mus- 
cular) which  are  commonly  designed  as  'the  fidgets.  When  the  reflex  activity 
of  the  Sensory  ganglia  is  more  strongly  excited,  in  consequence  cither  of  an 
unusual  potency  of  the  setisury  tinpressiuns,  or  of  an  unusual  excitability  of  this 
part  of  the  nervous  centres,  a  much  greater  variety  of  sensori-motor  actions  is  wit- 
nessed. The  powerful  involuntary  contraction  of  the  orbicularis  and  of  the  muscles 
which  roll  the  eyeball  upwards  and  inwards,  in  cases  of  excessive  irritability  of  the 
retina  (§  522),  is  one  of  the  best  examples  of  this  kind  ;  but  another  very  curioua 
illustration  is  afforded  by  the  involuntary  abridgement  of  the  excito-motor  actions 
of  respiration,  when  the  performance  of  these  is  attended  with  pain, — the 
dependence  of  this  abridgement  upon  the  direct  stimulus  of  sensjitiou^  rather 
than  upon  voluntary  restraint,  being  obvious  from  the  fact  that  it  often  presents 
itself  on  oj}e  side  only,  a  limitation  which  the  Will  cannot  imitate.  Again,  there 
are  certain  Convulsive  disorders  (Sect.  8)  which  appear  to  def*end  upon  an  undue 
excitability  of  these  centres,  the  paroxysms  being  excited  hy  iniprcssions  which 
act  through  the  organs  of  cense,  and  are  not  thu.-!  operative  unless  the  patient  be 
conscious  of  them ;  thus  in  Hydrophobia,  we  observe  the  immediate  tufluenc« 
of  the  sight,  sound  or  contact,  of  liquids^  or  of  the  slightest  currents  of  air,  in 
exciting  muscular  contractions;  and  in  many  Hysteric  subjects,  the  sight  of  u 
paroxysm  in  another  individual  is  the  most  certain  means  of  its  induction  in 
themselves.  A  remarkable  case  of  this  general  exaltntioa  of  purely  sensorial 
excitability  has  been  recorded  by  Dr.  Cowan ;  who  gives  the  following  account  of 
it0  plicnomeoa,  which  can  scarcely  be  referred  to  any  other  than  this  category, 
"The  shadow  of  a  bird  crossing  the  window,  though  blind  and  bed-curtiuns  &tf, 
closed,  the  displacement  of  the  smallcfit  portion  of  the  wick  of  a  candle,  tl^ 


504 


FUNCTIONS    OF  THE   CEREBRO-SPINAl  NEBVOrS    BTETEM. 


th« 


fllijrhtest  changes  in  the  firelight,  induced  b  sudden  jerkinfj  of  the  spinal  mascl 
extending  to  the  arms  and  lej^  when  violent,  and  this  without  the  slightest 
t^l  emotion  of  any  kind  bfjorid  a  c*cin«eiousnes8  of  the  movement.      At  times 
vocttl  organs  are  impHcated,  and  a  slight  cry,  quite  involuntary,  takes  place,     j 
these  periods  she  is  unusuaily  susceptible  of  all  noises,  especially  the  least  expert 
and  least  fnrailiar.     Jlovements  in  the  next  bouse  inaudible  to  others,  the  slijrht 
rattle  in   the  lock  of  a  door,  tearing  a  morsel  of  paper,  and  a  thousand 
sources  of  sound  not  to  be  catalogued,  induce  results  similar  to  those  of  visi 
impressions.'" 

63ft.  It  is,  however,  when  the  Cerebrum  is  not  in  a  state  which  renders 
capable  of  receiving  and  acting-upon  Sensorial  impressions,  that  we  find  the  i 
dependent   reflex    activity  of  the    Sensory  ganglia   most    strikingly   di6pl»ye<i( 
Thus  in  the  Infant,  for  some  time  after  its  birth,  it  is  obvious  to  an  attenti 
observer,  that  a  large  part  of  its  movements  are  directly  prompted  by  sensatioi 
to  which  it  can  as  yet  attach  no  distinct  ideas,  and  that  they  do  not  proceed  fi 
that  purprmive  impulse  which  is  essential  to  render  them  voluntary, 
well  seen  in  the  efforts  whifh  it  makes  to  find  the  nipple  with  its  lips ;  be 
probably  guided  thereto  at  lirst  by  the  smell,  but  afterwards  by  the  sight  also 
when  the  nipple  bus  been  found,  the  act  of  suction   is  purely  excito-motor, 
filready  explained.     80  in  the  Idiot,  whose  brain  bos  never  attained  its  no 
development,  the  influence  of  sensations  in  directly  producing  respondent 
raents  is  obvious  to  all  who  examine  his  actions  with  discrimination;  and  a 
markable  case  will  be  cited  hereafter  (Sect.  8),  iu  which  an  entire,  though  te 
porary  suspension  of  Cerebral  power,  reducing  the  subject  of  it  to  the  conditi 
of  one  of  the  lowest  Vertebnita,  gave  a  very  satisfactory  proof  of  the  i: 
ent  activity  of  this  division  of  the  Encephalic  centres. 

540.  But  we  do  not  require  to  go  so  far  in  search  of  characteristic  examples 
of  this  kind  of  reflex  action ;  since  they  are  afforded  by  the  pcrfonuance 
habifiiat  movements,  which  are  clearly  under  Sensorial  guidance,  when  the  Ce; 
brum  is  occupied  in  some  train  of  action  altogether  disconnected  with  the 
An  individual  who  is  subject  to  ^absence  of  mind,'  may  fall  into  a  reverie  wh 
walking  the  streets;  his  attention  may  be  entirely  absorbed  in  his  train 
thought,  and  he  may  be  utterly  unconscious  of  any  interruption  in  its  continuit: 
imd  yet,  during  the  whole  of  that  time,  his  limbs  shall  havo  been  in  motii. 
carrying  him  along  the  accustomed  path,  whilst  his  vision  shall  have  given  ll 
direction  to  these  movements,  which  is  requisite  to  guide  him  along  a  partir 
line,  or  to  move  him  out  of  it  for  the  avoidance  of  obstacles.  As  already  point 
out  (§  514),  there  seems  strong  reason  for  regarding  the  ambulatory  Diovemeol 
of  the  limbs  as  in  themselves  cxcito-motor ;  but  the  tfuidanfe  of  these  mo 
ments  by  the  visual  sense,  indicates  the  participation  of  the  Sensorium  in 
r>  markable  performance.  —  It  has  been  maintained  by  some  Metaphysicians  iD< 
J'hysiologists,  that  these  *  secondarily  automatic '  actions  always  continue  to  be 
voluntary,  because  their  performance  is  originally  due  to  a  succession  of  volition: 
acts,  and  because,  in  any  particular  case,  it  is  the  Will  which  first  excites  the 
whilst  an  exertion  of  the  Will  serves  to  check  them  at  any  time.  But  this  do<y 
trine  involves  the  notion,  that  the  Will  is  in  a  state  of  pendulum-like  oscillatioQ 
between  the  train  of  thought  and  the  train  of  movement;  whereas  nothing  is 
more  certain  to  the  individual  who  is  the  subject  of  both,  than  that  the  former 
jiijiy  be  as  uninterrupted  as  if  bis  body  were  perfectly  at  rest,  and  his  reveii^H 
were  inking  place  in  the  quietude  of  bis  own  study.  And  as  it  commonly  ba^^l 
pens,  that  the  direction  taken  is  that  in  which  the  individual  is  most  in  the  habit 
of  walking,  it  will  not  unfrcquently  occur  that  if  he  had  previously  intended  to 
pursue  some  other,  he  finds  himself,  when  his  reverie  is  at  an  end,  in  a  locality 
which  may  be  very  remote  from  that  towards  which  his  walk  was  originally  dee- 
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ined;  which  would  not  be  the  case,  if  his  movemeats  had  been  Btilt  and  ir  the 
puqHwive  direction  of  the  will.  And  although  it  is  perfectly  true  that  these 
movements  cau  be  at  uny  time  checked  by  an  effort  of  the  will,  yet  this  does  not 
really  indicate  that  the  will  has  been  previously  engaged  in  sustaintng  them ; 
since,  for  the  will  to  act  upon  them  at  all,  the  attention  must  be  recalled  to  them, 
anii  the  Cerebrum  must  be  liberated  firom  its  prcvioua  pelf-occupatioa.  And  the 
pnidual  conversion  of  a  volittonnl  into  an  automatic  train  of  niOT^^ments,  so  that 
at  lii5t  this  train,  once  Biarted,  shall  continue  to  run-down  of  itself,  will  be  found 
to  be  U'ss  improbable  than  it  would  at  first  appear,  when  it  comes  to  bo  under- 
stood that  the  mechanism  of  both  sets  of  actions  is  essentially  the  same,  aud  that 
they  merely  differ  as  refiards  the  nature  of  the  stimulus  which  originally  excites 
them  (^§  549).  That  the  same  automatic  movomeuta  are  not  excited  by  the  samo 
sensations,  when  the  Cerebrum  is  in  its  ordinary  state  of  functional  connection 
with  the  Sensorium,  is  a  fact  entirely  in  harmony  with  the  principle  already  laid- 
dowQ  (§§  468 — 170).  The  complete  occupation  of  the  mind  in  other  ways,  as 
in  close  conversation  or  argument,  or  even  (it  may  be)  in  the  voluntary  direction 
uf  some  other  train  of  mui*oular  movements,  is  no  Jess  favourable  than  the  state 
of  reverie,  to  that  indepeudeut  action  of  the  Automatic  centres  which  ba8  been 
now  described. 

541.  In  the  state  of  entire  functional  activity  of  the  ncrvouB  centres  of  Man, 
Ivowevcr,  there  can  be  no  doubt  that  the  operation  of  the  Sensory  Ganglia  is 
entirely  subordinated  to  that  of  the  Cerebrum  ;  and  that  it  furnishes  an  essential 
means  of  connection  between  the  actions  of  the  Cerebrum  on  the  one  hand,  and 
those  of  the  orgims  of  Sense  and  Motion  on  the  othfr,  by  the  combination  of 
which  the  Mind  is  brought  into  relation  with  the  external  world.  For,  in  the 
first  pUce^  it  may  be  affirmed  with  certainty,  that  no  mental  action  can  be  origin- 
ally excited,  save  by  the  stimulus  of  Sensations ;  and  it  is  the  olBce  of  the  Sensory 
ganglia  to  form  these  out  of  the  impressions  brought  to  thera  from  the  orpms  of 
AeDsc,  and  to  tninsmit  such  sensorisil  changes  to  the  Cerebrum.  But  they  have 
a  no  less  important  participation  io  the  downward  action  of  the  Cerebrum  upon 
the  motor  apparatus;  for  no  voluntary  action  can  be  performed  without  the  assist- 
ance of  a  i/ntiiinff  sensation  as  was  first  prominently  stilted  by  Sir  C.  Bell.'  —  In. 
the  majority  of  oases,  the  guiding  or  controlling  sensation  is  derived  from  the 
muscles  themselves,  of  whose  condition  we  are  reudcred  cognizant  by  the  sen- 
sory nerves  with  which  they  are  furnished ;  but  there  are  certain  cases  in  whioh 
it  is  ordinarily  derived  from  one  of  the  special  senses,  and  in  which  the  '  muscu- 
lar sense'  (§  55G)  can  only  imperfectly  supply  the  deficiency  of  such  guidance; 
whilst,  again,  if  the  'muscular  sense'  be  deficient,  one  of  the  special  senses  may 
supply  the  requisite  information.  The  proof  of  this  necessity  is  furnished  by 
the  entire  impassibilitj/  of  making/  or  siitsta minff  voluntary  efforts^  wkhoiU  a 
guiding  tensatiun  nf  some  A'iiid,  Thus,  in  complete  anaesthesia  of  the  lower  ex- 
tremities, without  loss  of  muscular  power,  the  pitient  is  as  completely  unable  to 
walk,  as  if  the  motor  nerves  had  also  been  paralyzed,  unless  the  deficient  senso- 
rial guidance  be  replaced  by  some  other;  and  in  similar  affections  of  the  upper 
extremities,  there  is  a  like  inability  to  raise  the  limb  or  to  gustiiin  a  weight. 
But  in  such  cases,  the  defieifucy  of  the  '  ntu.<)oular  sense '  may  be  made  good  by 
the  visual ;  thus,  the  patient  who  cannot  feel  either  the  contact  of  his  foot  with 
the  ground,  or  the  musuukr  effort  he  is  making,  can  manage  to  stand  and  walk 
by  Uiokiti'j  at  his  limbs;  and  the  woman  who  cannot  feel  the  pressure  of  her 
child  upon  her  arms,  can  yet  sustain  it  so  long  as  she  keeps  her  eyes  fixed  upon 
it,  but  no  longer, — the  muscles  ceasing  to  contract,  aud  the  limb  dropping  power- 
less, the  moment  that  the  eyes  are  withdrawn  from  it.  Thus  it  is,  too,  that 
when  we  are  about  to  make  a  muscular  effort,  the  amount  of  force  which  we  put- 
forth  is  governed  by  the  mcutal  cuuception  of  tbat  which  will  be  required,  as 

'  See  hi»  chapter  *  On  the  Norvous*  Circle  which  connect"  the  noluiitary  mascles  with  the 
Bruo,*  in  his  work  "  On  the  Nervous  S.}-8tt:m  uf  the  Uumau  Bodjr." 
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indicated  by  the  experience  of  former  sensations;  juft  as  the  cootnction»  of  tb# 
muscles  of  vocalisation  are  reflated  by  the  conceptioo  of  the  eound  to  be  prr- 
daced.  Hence  if  the  weipht  be  unknown  to  us,  and  it  prove  either  morli 
heavier  or  much  lighter  than  was  expected,  we  find  thut  we  have  put-forth  ion 
little  or  too  great  a  muscular  effort. 

542.  There  are  two  groups  of  niuscular  actions,  however,  which,  although  no 
less  voluntary  in  their  character  than  the  forcpoing,  are  yet  habitually  gtuded  by 
other  sensations  than  those  derived  from  the  umscles  themselves.  These  are,  lie 
movements  of  the  Ei/dtaU,,  and  those  of  the  Vocal  apparatut. — The  fornier  are 
directed  by  the  visual  seuse,'  by  which  the  uetion  of  the  museles  is  guided  and 
controlleii,  in  the  same  nianner  as  that  of  other  muscles  is  directed  by  tbeir  own 
'  muscular  senBe' ;  and  lictice  it  happens  that,  when  we  close  our  eyes,  we  cannot 
move  them  in  any  required  direction,  without  an  effort  that  strongly  c«lI(»-forfh 
the  muscular  sense,  by  which  the  action  is  then  guided.  In  persons  who  have 
become  blind  after  having  once  enjoyed  sight,  an  association  is  formed  by  habit 
between  the  iiiuscular  e^nse  and  the  contractile  action,  that  enables  the  former 
to  serve  as  the  guide  after  the  loss  of  the  visual  sense ;  but  in  those  who  are 
born  prr/tctfj/  blind^  or  who  have  become  so  in  early  infancy,  this  a.<»?nciatioD  if 
never  formed,  and  the  eyes  of  such  persons  exhibit  a  continual  indetenziinnte 
movement,  and  cannot  by  any  nmouut  of  effort  be  steadily  fixed  in  one  spot,  or 
be  turned  in  any  definite  dtrec-tiun.  A  very  small  amount  of  the  vi^aa)  seniie, 
however,  such  us  serves  merely  to  indicate  the  direction  of  light,  is  sufficient  for 
the  government  of  the  movement*  of  the  eyeball. — In  the  production  of  vocal 
80unds,  again,  that  nice  adjustment  of  the  um&cles  of  the  Larynx,  which  i« 
requisite  to  the  giving-forth  of  determinato  tones,  is  ordinarily  directed  by  the 
auditory  sense :  being  learned  in  the  first  instance  under  the  guidance  of  the 
sounds  actually  produced  ;  but  being  subsequently  effected  voluntarily,  in  accord* 
ance  with  the  mental  conception  (a  sort  of  inward  sensation)  of  the  tone  to  be 
uttered,  which  conception  cannot  he  formed^  unless  the  sense  of  bearing  bat 
previou.sjy  brought  similar  tonfs  to  the  mind.  Hence  it  is  that  persons  who  are 
born  detif,  are  also  chimh.  They  may  have  no  malformation  of  the  organs  of 
ipeech  ;  but  they  are  incapable  of  uttering  distinct  vocal  sounds  or  musical 
tones,  because  they  have  not  the  guiding  conception,  or  recalled  sensation,  of 
the  nature  of  these.  By  long  training,  however,  and  by  imitative  effort*,  directed 
by  muscular  sensations  in  the  larynx  itself,  some  persons  thus  circumstanced  have 
acquired  the  power  of  speech  ;  but  the  want  of  a  sufficiently  definite  control  over 
ihe  vocal  muscles  is  always  very  evident  in  their  use  of  the  organ. — It  is  very 
rarely  that  a  person  who  has  once  enjoyed  the  sense  of  hearing,  afterwards 
becomes  so  eompktrl^  deaf,  as  to  lose  all  auditory  control  over  his  vocal  orgaofc 
An  example  of  thig  kind,  however,  has  been  communicated  to  the  public  by  a 
ffell-kntmn  author,  as  having  occurred  in  him.^eJf;  and  the  record  of  his  expe- 
riences' contains  many  points  of  much  interest.  The  doafnesa  waa  the  result  of 
an  accident  occurring  in  childhood,  which  left  him  for  some  time  in  a  stat« 
of  extreme  debility;  and  when  he  made  the  attempt  to  speak,  it  waa  with  con- 
siderable pain  in  the  vocal  organs.  This  pain  probably  resulted  from  tht?  unac- 
:uatomed  effort  which  it  was  necessary  to  make,  when  the  usual  guidance  was 
wanting;  being  analogous  to  the  uneasiness  which  we  experience,  when  we 
attempt  to  move  our  eyes  with  the  lids  closed.  Ilis  voice  at  that  time  is 
described  as  being  very  fiimiiar  to  that  of  a  person  born  deaf-and-dumb,  hut  who 
has  been  taught  to  speak.  With  the  uneasiness  in  the  use  of  the  vocal  organ?, 
waa  asanciated  an  extreme  mental  irdispo-sirion  to  their  employment;  and  thus, 
for  some  years,  the  voice  was  very  little  exercised.  Ctrcumstances  afterwnnii 
forced  it,  however,  into  constant  employment;  and  great  improvement  eubM- 

•  See  Dr.  AIsboh'*  Memoir  on  the  '  Anatomical  and  Phjsiologic*!  Infereocea  from  tin 
tstudjr  of  the  Nervet  of  the  Orbit,'  in  "  Traoa.  of  Roy.  Soc.  of  Edinb.,"  toI.  xv. 
» iSee  the  "  Losl  Sensea,"  bj  Dr.  Kitto ;  vol.  i.,  chapters  2  antl  a 
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qucntlj  took  place  in  the  power  of  vocalization,  evideDtlj  by  attention  to  the 
indications  of  the  muscular  sanse.  It  is  a  curious  circuuiiitauce,  fullj  conSnning 
this  view,  that  the  word^  which  hud  been  id  use  previously  to  the  5upiTvcotinn 
of  the  deafness,  were  still  pronounced  (suoh  of  them,  at  least,  aa  were  kept  in 
employment)  aa  they  had  been  in  childhood;  the  muscular  niovemcnta  concerned 
in  their  articulation  having  still  been  guided  by  the  original  auditory  conception, 
in  spite  of  the  knowledge  derived  from  the  iufurtnatioD  of  others,  that  such  pro- 
nunciation was  erroneous.  On  the  other  band,  all  the  words  subsequently 
learned  were  pronounced  according  to  their  sptllin^ ;  the  acquired  associations 
between  the  muscular  sensations  and  the  written  signs  being  in  this  case  the 
obrious  euide. 

543.  it  is  through  the  'muscular  sense',  in  corobinatioo  with  the  visual  and 
tactile,  that  those  movemeola  are  re<rulated,  whicb  are  concerned  alike  in  ordi- 
nary progression,  and  in  the  uiaintcnancc  of  the  equilibrium  of  the  body.  Thnt 
the  visual  sense  has,  in  most  persons,  a  large  share  in  this  regulation,  is  evident 
from  the  simple  fact,  that  oo  one  who  has  not  been  accustunicd  to  the  deprivation 
of  it,  can  continue  to  walk  atruigbt-forwnrda,  when  blind-folded,  or  in  absolute 
darkness,  towards  any  point  in  the  direction  of  which  he  nmy  bare  been  at  first 
guided.  But  the  blind  man,  who  ha.<3  been  accustomed  to  rely  exclusively  upon 
bis  muscular  senee.  has  no  difficulty  iu  keeping  to  a  straight  path;  and  moves 
onwards  with  a  confidence  which  is  in  remarkable  contrast  with  the  gait  of  a  man 
who  has  been  deprived  of  sight  for  the  occasion  only.  la  fact,  as  Mr.  Mayo  has 
well  remarked,'  in  our  ordinary  movements,  "we  lean  upon  our  eyesight  as  upon 
crutches." — When  our  vis«iou,  however,  instead  of  aiding  and  guiding  us,  brings 
to  the  mind  sensations  of  an  antagoniHtic  character,  our  movemcnt«  become  uncer- 
tain, from  the  ]os!S  of  that  p^jwer  of  guidance  and  control  over  them,  which  the 
harmony  of  the  two  sensations  usually  gives.  Thus  a  person  unaccustomed  to 
look  down  heights,  feeh  insecure  at  the  top  of  a  tower  or  precipice,  although  ho 
knoici  that  his  body  is  properly  supported;  for  the  void  which  he  sees  below  him 
contradicts  (so  to  speak)  the  tactile  sensations  by  which  he  is  made  conscious  of 
the  due  equilibrium  of  his  body.  So,  again,  although  any  one  can  walk  along  a 
narrow  plank,  which  forms  part  of  the  floor  of  a  room,  or  which  is  elevated  but 
a  httle  above  it,  without  the  least  difficulty,  and  even  without  any  consciousness 
of  effort,  if  that  pluuk  be  hiid  across  a  chasm,  the  bottom  of  which  is  so  far 
removed  from  the  eye  that  thu  visual  sense  gives  no  assistance,  even  thoiiie  who 
bavo  braced  their  ncrvt?s  against  all  emotional  distraction,  feel  that  an  effort  it 
requisite  to  mainlain  the  equilibrium  during  their  passage  over  it;  that  eifort 
being  aided  by  the  withdrawal  of  the  eyes  from  the  abyss  below,  and  the  tixatioii 
of  them  on  a  point  beyond,  which  at  the  same  time  helps  to  give  steadiness  to 
the  movements,  and  distracts  the  mind  from  the  sense  of  its  danger.  The  degree 
in  which  the  'muscular  sense'  is  alone  sufficient  for  the  guidance  of  such  move- 
mentB,  when  the  mind  has  no  consciousnesa  of  the  danger,  and  when  the  vi.«ual 
sense  neither  affords  aid  nor  contributes  !<»  disintct  the  attention,  is  remarkably 
illustrated  by  the  phenomena  of  Somnambulism;  for  the  sleep-wnlker  traverses, 
without  the  least  hesitation,  the  narrow  parapet  of  a  house,  and  crosses  narrow 
and  insecure  planks,  clambers  roofs,  &c.,  under  circumstances  that  clearly  indi- 
cate the  nature  of  the  guidance  by  which  he  is  directed  (§  693). — The  depend- 
ence of  our  ordinary  power  of  maintaining  our  equilibrium,  upon  the  combinaiiun 
of  the  guiding  sensations  derived  through  the  sight  and  the  touch,  is  further  well 
illostrated,  as  Mr.  Mayo  has  poiatcd-out  (loc.  cil.),  by  what  happens  to  a  lands- 
man  on  first  going  to  sea.  "  It  is  long  before  the  passenger  acquires  bis  '  sea 
legfl.'  At  first,  as  the  ship  moves,  be  can  hardly  keep  bis  feet ;  the  shifiing 
lines  of  the  vessel  and  surface  of  the  water  unsettle  his  visual  stability ;  the 
different  inclinations  of  the  planks  he  stands-on^  his  muscular  een»e.  In  a  short 
time,  he  leama  to  disregard  the  shifting  images  and  changing  molioas^  or  acquirca 

•  •'  Outlines  of  Phjsiology."  8rd  Edit.,  p.  866. 
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facility  in  adapting  himBelf  (like  one  on  horseback)  to  the  different  alterations  i| 
the  line  of  direction  in  his  frame."  And  when  a  person  who  has  thus  leamc' 
by  habit  to  maintnin  his  Cf|ui1ibrium  on  a  shifting  surface,  first  treads  upon 
ground,  he  feels  liitnself  almost  an  much  at  fault  as  he  did  when  be  first  went 
Bea:  and  it  is  only  after  being  some  time  on  shore,  that  be  is  able  to  resume 
original  manner  of  walking.  Indeed,  most  of  those  who  spend  the  greater 
of  their  time  at  sea,  aequire  a  peculiar  gait,  which  becomes  so  habitual  to  thei 
that  they  are  never  able  to  throw  it  off. 

544.  But  further,  there  is  very  strong  physiological  evidence,  that  the  Senso 
Ganglia  are  not  merely  the  instruments  whereby  our  voluntary  moTements 
directed  and  controlled,  in  virtue  of  the  guiding  sensations  which  they  fumia 
but  that  they  are  actually  the  immediate  centres  of  the  motor  influence  wbie 
excites  muscular  contractions,  in  obedience  to  impulses  transmitted  downwarcls 
from  the   Cerebrum.     It  has  usually  been  considered  that  the  Cerebrum  aoti 
directly  upon  the  muscles,  in  virtue  of  a  direct  continuity  of  nerve-fibres  from 
the  grey  matter  of  its  convolutions,  throuijh  the  Corpora  Striata,  the  motor  tnwt 
of  the  Medulla  Oblongata,  the  anterior  portion  of  the  Spinal  Cord,  and  the; 
terior  roots  of  the  nerves;  and  that  in  the  performance  of  any  voluntary  mc 
mcnt,  the  Will  determines  the  motor  force  to  the  muscle  or  set  of  muscles, 
whose  instrumentality  it  may   be   produced.      To  this  doctrine,   however, 
tinatomical  facts  already  stated  (§  619)  constitute  a  very  serious  objection  j  fq 
the  motor  tract  cannot  be  stated  with  certainty  to  have  any  higher  origin  tl 
the  Corpora  Striata;  and  it  is  impops^ible  to  imagine  that  the  fibres  which  co 
verge  towards  the  surface  of  these  bodies  from  all  parts  of  the  Cerebrum,  can 
80  closely  compacted-together,  as  to  be  included  in  the  motor  columns  of  tl 
Spinal  Axis.     The  fact  would  rather  seem  to  be,  that  these  converging  fibr 
bear  the  s^ime  kind  of  anatomical  relation  to  the  Corpora  Striata  and  the  othi 
Seosoriul  centres  of  motor  pr>wer,  as  do  the  fibres  of  the  afferent  nerves  wbic 
proceed  to  theui  from  the  llctina,  the  Sehneiderian  membrane,  and  other  pee 
pheral  expansions  of  nervous  matter ;  and  hence  we  might  infer  that  the  ner 
force  generated  in  the  convolutions,  instead  of  acting  immediately  on  the  motq 
ner\'e8,  is  first  directed  towards  the  Automatic  centres,  and  excites  the  same  kin 
of  motor  response  in  them,  as  would  be  given  to  an  impression  transmitted 
them  through  a  sensory  nerve.     We  shall  tiiid  that  such  a  view  of  the  stmotvnl 
arrangements  of  these  parte  is  in  remarkable  accordance  with  their  AiQcttoiMl 
relations,  as  indicated  by  a  careful  aniilysis  of  the  mechanism  of  what  is  com- 
monly regarded  as  'voluntary'  movement.     The  Cerebrum,  as  will  be  shown 
hereafter  (Sects.  5,  6),  may  thus  call  tbe  motor  apparatus  into  action,  as  the  ia- 
Btnimctit  either  of  ideas,  of  emntfojts,  or  of  volitional  ih'termination$;  but  we 
may  limit  our  present  examination  to  voluntary  movements  alone,  these  having 
been  miually  regarded  as  in  such  complete  antagonism  to  those  of  the  automatic 
group,  that  even  separate  sets  of  nerve-fibres  have  been  thought  requisite,  to 
/iccount  for  the  transmission  of  these   two  distinct  orders  of  motor  impulses  to 
the  muscles. 

545.  Now  in  the  first  place,  it  may  be  asserted  with  some  oon6denoe,  that  no 
efTurt  of  the  Will  can  exert  that  direct  influence  on  the  muscles,  which  our  ordi- 
nury  phraseology,  aud  even  the  language  of  scientific  reasooers,  would  seem 
imply;  but  on  the  other  hand,  that  the  Will  is  solely  concerned  in  determinin 
the  result;  the  selection  and  combination  of  muscular  movements  required 
bring  about  this  result,  not  being"  effected  by  the  Will,  but  by  some  intermedist 
agency.  If  it  were  otherwise,  we  should  be  dependent  upon  anatomical 
ledge  for  our  power  of  performing  the  simplest  movement  of  the  body;  wher 
we  find  the  fact  to  be,  that  the  man  who  has  not  the  least  idea  of  the  mechsoi 
of  mu.Hcular  action,  cbq  acquire  as  complete  a  command  over  his  movements,  ao^"^ 
oan  adapt  them  as  perfeetty  to  the  desired  end,  as  the  most  accomplished  auito- 
mist  ooutd  do.     Further,  we  caaoot,  by  any  exertion  of  the  will,  single-out  a 
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particular  muscle,  and  throw  it  into  contmction  by  itsolf,  unless  that  musolo  he 
one  wbich  is  alone  concerned  in  the  action  that  we  can  voluntarily  perfonn  ;  and 
even  then  we  single  it  out  by  icillnn/  the  action.  Thus  we  can  put  the  (rvator 
palpebrae  in  actioo  by  itself;  but  this  we  do,  not  by  any  conscious  det4?rmination 
of  power  to  the  muscle  itself,  but  by  rciflintf  to  raise  the  eyelids;  and  it  is  only 
by  our  anatomical  knowledge,  that  we  know  that  but  a  single  muscle  is  concerned 
in  this  movement.  So  far  as  our  own  conscioujiQess  can.  inform  ns,  there  is  no 
difference  between  the  mechanism  of  this  action  and  that  of  the  flexion  of  the 
knee  or  elbow-joint  j  and  yet  in  these  latter  movements,  several  muscles  are  con- 
cerned, not  one  of  wbicli  can  be  sing!ed-out  by  an  effort  of  the  will,  and  thrown 
into  action  separately  from  the  rest. — The  idea  that  the  will  is  diredfy  exerted 
upon  the  muscles  called  into  action  to  produce  a  particular  naovement,  may  seem 
to  derive  some  support  from  the  senee  of  inujicular  ej^ort  of  which  we  are  con- 
scious in  making  the  exertion,  and  which  we  refer  to  the  muscles  which  are  con- 
cerned in  it ;  but  this  sense  of  effort  is  nothing  else  than  the  <  muscular  sense ' 
already  alluded-to,  which  has  its  origin  in  the  srate  of  tension  of  the  muscles, 
and  which  is  no  more  an  indication  of  mental  effort  directed  to  them,  than  the 
sensation  of  light  or  sound  is  an  indication  of  a  determination  of  voluntary  power 
to  the  eyes  or  ears. 

546.  There  are  two  cases,  already  referred-to  under  another  head,  in  which  it 
is  very  easy  to  show  that  the  Will  is  concerned  with  the  result  alone,  and  is  not 
directly  exerted  upon  the  instruments  by  which  that  result  ia  broupht-about : 
these  are,  the  movements  of  the  Eyes,  and  the  production  of  Vocal  tones.  Tq 
neither  of  them  are  we  conscious  of  any  effort  in  the  muscular  apparatus,  unless 
the  contraction  be  carried  beyond  its  accustomed  estentj  the  ordinary  movements 
being  governed,  as  already  remarked,  not  by  the  muscular  sense,  but  by  the  visual 
and  auditory  senses  respectively. — Nothing  can  be  more  simple,  to  ail  appearance, 
than  the  act  of  turning  the  eyes  upwards  or  downwards,  to  one  side  or  the  otlier, 
in  obedienee  fo  a  determination  of  the  Will ;  and  yet  the  Will  does  not  impress 
Bucb  a  detemiination  upon  the  muscles.  That  which  the  Will  really  does,  is  to 
cause  the  eyeballs  to  roli  in  a  given  direction,  in  accordance  with  a  visual  sensa- 
tion ;  and  it  is  only  tr/ir»i  thre  \«  an  ohjfct  towards  which  the  eyes  can  be  tnrned, 
that  wa  can  move  them  with  our  usual  facility.  When  the  eyelid.<i  are  closed, 
and  we  attempt  to  roll  the  globes  upwards  or  downwards,  to  one  side  or  to  the 
other,  we  feel  that  we  can  do  so  but  very  imperfectly,  and  with  a  sense  of  effort 
referred  to  the  muscles  themselves, — this  sense  being  the  result  of  the  state  of 
tension  in  which  the  muscles  are  placed,  by  the  effort  to  move  the  eyes  without 
the  guiding  visual  sensation.  Now,  on  the  other  hand,  the  Will  may  determine 
to  fix  the  eyes  upon  an  object;  and  yet  this  very  fixation  may  be  only  attainable 
by  a  muscular  movement,  which  movement  is  directly  excited  by  the  visual  sense, 
without  any  exertion  of  voluntary  power  over  the  muscles.  Such  is  itie  case 
when  we  look  steadily  at  an  object,  whilst  we  move  the  head  horizontally  from 
side  to  side;  for  the  eyeballs  will  then  be  moved  in  the  contrary  direction  by  a 
kind  of  instinctive  effort  of  the  external  and  internal  recti,  which  tends  to  keep 
the  retinae  in  their  first  position,  and  to  prevent  the  motion  of  the  images  over 
them.  So,  when  we  look  steadily  at  an  object,  and  incline  the  head  towards 
either  shoulder,  the  eyeballs  arc  rotated  upon  their  antero-posterior  axis  (probably 
by  the  agency  of  the  oblique  muscles)  apparently  with  the  very  same  purpose, — 
that  of  preventing  the  images  from  moving  over  the  reiinro  (see  Chap,  xiit., 
Sect.  3).  Now  we  cannot  refuse  to  thia  rotation  any  of  the  attributes  which 
really  characterize  the  .so-called  voluntary  movements;  and  yet  we  are  not  even 
informed  by  our  own  consciousness  that  snch  a  movement  ia  taking  place^  but 
know  it  only  by  observation  of  others. 

547.  The  muscular  contractions  which  are  concerned  in  the  production  of 
Vocal  tones,  are,  in  like  manner,  always  accounted  voluntary;  and  yet  it  is  easy 
to  show  that  the  Will  has  no  direct  power  over  the  mnacles  of  the  larynx.     For 
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we  cannot  raise  or  depress  the  larynx  as  a  whole,  nor  more  the  tbjrciid  cartil*f>« 
upon  the  cricoid,  nor  eepanite  or  approximate  the  arytenoid  cartilages,  nor  exteDd 
or  relax  the  vocal  ligamenta,  by  simply  taUUng  to  do  so,  however  ptronply.  Tel 
we  can  readily  do  any  or  all  thct^e  things,  by  an  act  of  the  Will  exerted  for  a 
specific  purpose^  We  conceive  of  a  tone  to  Le  produced,  and  we  wiU  lo  prodoce 
it;  a  certain  combination  of  the  musculnr  actions  of  the  larynx  then  taJtes  plxv, 
in  most  exact  accordunco  with  one  another;  nnd  the  predetermined  tone  b  th« 
result.  This  anticipated  or  conceived  sensation  is  the  guide  to  the  mosenlar 
niovc'Hients,  when  as  yet  the  utterance  of  ihe  voice  has  not  taken  place ;  Irat 
whilst  wc  are  in  the  act  of  speaking  or  singing,  the  contractile  actions  are  rcgu- 
lated  by  the  present  sensations  derived  from  the  snunda  as  they  are  produced. — 
It  can  Bcarcely  but  bo  admitted,  then,  that  the  Will  does  not  directly  govern  the 
movemicntfl  of  the  Larynx ;  but  that  these  movements  are  immediately  dependent 
upon  some  other  ngoncy. 

548.  Now  what  is  true  of  the  two  preceding  claisses  of  actions,  is  eqiully  tnie 
of  all  the  rest  of  the  so-called  vofuntarff  movements;  for  in  each  of  them  tlie 
power  of  the  Will  is  really  limited  to  the  determination  of  the  result;  and  the 
prcKluction  of  that  result  is  entirely  dependent  upon  the  concurrence  of  a  'guidisg 
seiiaation,'  which  is  usually  furuishcd  by  the  very  muscles  that  are  called  into 
action.  It  is  obvious,  therefore,  that  we  have  to  seek  for  some  intenDC<]iate 
agency,  which  execute*  the  actions  d^ttrmined  by  the  Will ;  and  when  the  fadi 
and  probabilities  already  stated  arc  duly  considered,  they  tend  strongly  in  favour 
of  the  idea,  that  even  Voluntary  movements  are  executed  by  the  instrumentality 
of  the  Automatic  apparatus,  and  that  they  differ  only  from  the  automatic  or  ia* 
Btinctive  in  the  nature  of  the  stimulus  by  which  they  are  excited, — the  deter- 
mination of  the  Will  here  replacing,  aa  the  exn'firtf/  caute  of  its  action,  the 
sensory  impression  which  operates  as  such  in  the  case  of  an  instinctive  movement, 
and  which  is  stilt  requisite  for  its  guidance. 

549.  This  view  of  the  case  derives  a  remarkable  confirmation  from  the  analy- 
sis of  two  classes  of  very  familiar  phenomena:  the  first  consisting  of  cases  in 
which  movements  that  are  ordinarily  Aut<jmalic  are  performed  by  Voluntary 
determination,  or  simply  in  respondence  to  an  Idea;  the  second  consisting  of 
those  in  which  movements  origiaally  Voluntary  come  by  habit  to  be  Aatomad' 
cally  performed. — Of  the  first  class,  the  act  of  Coughing  is  a  good  example.  This 
action,  which  is  ordinarily  automatic,  may  also  be  excited  by  a  voluntary  deter- 
mination; such  a  determiuiition,  however,  is  directed  to  the  result,  rather  than 
exercised  in  aingling-out  the  different  movements  and  then  combining  tiiem  in 
the  necessary  sequence;  and  the  Will  thus  seems  obviously  to  take  the  place 
the  laryngeal  or  tracheal  irritation,  as  the  prt'mum  mobile  of  the  series,  whiehi 
in  its  actual  performance,  is  as  automatic  in  the  latter  case  as  in  the  former.  So, 
again,  we  know  that  many  of  the  automatic  movements  which  have  been  already 
referred-to  as  examples  of  the  sensori-motor  group  (§  538),  and  which  the  Will 
cannot  cull-forth,  may  be  performed  in  respondence  to  ideas  or  roncrptiovs,  which 
are  Cerebral  states;  that  seem  to  recall  the  same  condition  of  the  Sensorium  as  that 
which  was  originally  excited  by  the  Sensory  impression.  Thus  it  is  well  known 
that  the  act  of  Vomiting  may  be  induced  by  the  rem  em  hr  a  nee  of  some  loathsome 
object  or  nauseous  taste,  which  may  have  been  excited  by  some  act  of  'sugges- 
tion;' and  the  author  has  known  an  instance  in  which  a  violent  fit  of  8cei-sickDe«s 
was  brought-oo  by  the  sight  of  a  vessel  tossed  about  at  sea,  which  recalled  the 
t'ornier  experience  of  that  state.  So,  the  Hydrophobic  paroxysm  may  be  excited 
by  the  mention  of  the  name  of  water,  which  of  cxiurso  calls  up  the  idea ;  and  a 
tendency  to  yawn  is  in  like  manner  frequently  induced  by  looking  at  a  pictunrof 
yawners,  or  by  speaking  of  the  act.,  or  by  voluntarily  commencing  the  act  whi  " 
rany  then  be  automatically  completed. — The  automatic  performance  of  actioi 
which  were  originally  voluntary,  has  already  been  fully  discussed  (§  MO);  »' 
ye,bavfl  therefure  only  to  remark  here,  that  the  fact  very  stn^ngly  supports 
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Tiew  now  adranceci,  as  to  the  »{ttghnef$  of  the  mechanism  which  serves  as  the 
instruoient  of  both  classes  of  actions,  and  the  essendal  uniforrnitj  of  its  operation 
in  the  two  cases. — It  would  be  difficult  to  explain  either  set  of  phenomena  satis- 
factorily, on  the  hypothesis  that  there  is  a  '  tligtiuct  sj'stem'  of  fibres  for  the  voli- 
tional and  for  the  automatic  inovetiicnt*;  Pince  it  is  not  readily  to  be  conceived, 
how  a  set  of  movenients  origitiaHy  performed  by  the  one,  can  ever  be  transferred 
to  the  other;  whilst,  on  the  niber  hantJ,  it  is  easy  to  understand  how  the  oame 
niotorial  action  may  be  cxi-ited  in  the  automatic  centres,  either  by  an  external 
impression  conveyed  thither  by  an  afferent  nerve  from  a  Sensory  surface  (as  that 
of  the  irritation  in  the  air-passages,  which  excites  the  act  of  coughing)j  or  by  a 
Eitiojuluj  proceeding  from  the  convoluted  surface  of  the  Cerebrum,  and  conveyed 
»long  those  connecting  fibres  which  Reil  with  great  sagacity  termed  the  'nerves 
of  the  in^-rna^  senses.' 

550.  To  sum-up.  then,  we  seem  justified  in  conclndiDj»  that  the  Cranio-Spinal 
Axxi  of  Man  and  othi  r  Vertebrate, — consisting  of  the  St>n8ory  Ganglia,  Medulla 
Oblongata,  and  Spiual  Cord, — is  (like  the  chain  of  cephalic  and  ventral  panglia 
of  Ariiculata  with  which  it  is  homologous)  the  immediate  instrument  of  all  seu' 
ttrrvii  and  motor  chanr/e* ;  thitt  by  its  sole  and  independent  action  are  produced 
all  tho^o  movements  which  arc  ranked  as  automatic  or  instinctive,  these  being 
performed  in  respoudeuce  to  external  impressions  which  may  or  may  not  afect 
the  consciousness;  but  that  when  acting  in  Bubordinatioo  to  the  Cerebrum,  the 
Cranio-lSpiual  Axis  transuittj;  upwards  to  it  the  influence  of  Sensorial  changes, 
and  receives  from  it  (he  downward  impulses,  which  it  directs  automatically  into 
the  appropriate  channel  for  the  execution  of  the  movements  which  the  Mind  has 
directed.  The  number  of  purely-automatic  actions  diminishes  in  proportion  to 
the  devchtpment  of  the  Cerebrum,  and  to  the  subjection  of  the  Automatic  appa- 
ratus to  its  control;  but  even  in  Man,  those  most  closely  connected  with  the 
maintenance  of  the  organic  functions,  or  roost  necessary  for  the  conscrvution  of 
the  bodily  structure,  remain  quite  independent  of  any  mental  agency,  and  most 
of  them  do  not  require  conacioueness  for  their  excitation.  But  if  the  activity 
of  the  Cerebrum  be  fiuspended  or  be  otherwise  directed,  without  any  affection  of 
I  he  automatic  apparatus,  movements  which  have  long  been  habitually  performed 
in  a  particnlar  sequence,  may  be  kept-up,  when  the  will  has  once  set  them  in 
action,  through  the  automatic  mechanism  atone ;  the  iiuprcssional  or  sensational 
change  produced  by  each  action,  supplying  the  stimulus  which  calls-forth  the 
next. — It  Qiay  further  be  concluded,  that  the  Sensory  Ganglia,  which  are  the 
iastrumeuts  whereby  we  are  rendered  cfmscious  of  external  impressions,  arc  also 
the  seat  of  those  simple  /eelinf/s  of  pleasure  and  pain,  which  are  iromediattily 
llokcd-on  to  that  consciousness  :  for  it  can  scarcely  be  doubted  that  such  feelings 
must  be  associated  with  particular  sensations,  in  animals  that  have  no  gangtionie 
centres  above  these;  since  we  must  otherwise  regard  the  whole  series  of  Inverte- 
braied  tribes  as  neither  ausceptible  of  enjoyment,  nor  capable  of  feeling  pain  or 
discomfort.  And  it  likewise  seems  probable  that  the  Sensory  Ganglia  are  also 
the  seat  of  those  pen-^pfionai  acts,  which  bring  the  consciousness  into  direct 
relation  with  the  external  object  that  aroused  the  sensation  (Sect.  6);  sinco 
the  recognition  of  czlemuliti/  seems  evident  in  the  actions  of  the  tribes  just 
referred-to. 

4.    Of  the  CerehelluTJi,  and  itg  Junctions, 

651  The  Cerebellum  is  an  organ  which,  though  confined  to  the  Vertebrated 
sub-Kingdom,  is  yet  in  peculiarly  intimate  relation  with  the  Automatic  appnra- 
tua.  In  that  highest  state  of  development  which  it  presonta  in  Man,  we  find  it 
to  consist  of  two  laieral  lobes  or  htmi'sphtrex,  (Fig.  146),  composed  of  nerve- 
fibres  invested  in  a  very  peculiar  manner  by  vesicular  substance,  and  of  a  central 
lobe,  also  containing  a  combination  of  the  ve.Hicular  and  fibrous  substances,  which 
id  known  under  the  designation  of  the  '  vermiform  process.'     The  hemi^ipbcres 
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are  connected  with  each  other  not  only  bj  this  central  lobe,  but  nlpo  by  the 
fibrous  CKinoiissure  which  passes  benoath  the  Medulla  Oblonpita,  and  is  known 
as  the  '  Pons  Vnrolii.*  The  cominisaural  fibres  form  part  of  the  '  Crura  Cere- 
belli ;'  but  another  portion  is  formed  by  the  strands  which  connect  the  Cerebel- 
Ittm  with  tlie  anterior  and  posterior  columns  of  the  Spinal  Cord  and  Medulla 
Oblongata,  (Fig.  147),  (§  489) ;  and  in  addition  to  these,  we  find  a  fasciculus 
of  fibres  passinj;  between  the  Cerebellum  arid  the  Corpora  Quadrigemina,  the 
*iter  a  cerebello  ad  testes.'  The  peduncle  of  iL«!  hemispheres  on  either  side  con- 
tUDB  a  mara  of  gtey  matter,  the  •corpus  rhomhoideum/  or  'dentatum/  which 
seems  to  be  a  ^nglionic  centre  for  the  fibres  that  pa.ss  upwards  to  it  from  the 
Spinal  Cord.  The  Cerebellum  has  no  direct  connection  with  the  Cerebrum,  and 
its  relations  are  entirely  with  the  Cranio-Spinal  Axis.     (.Fig.  148). 

[Fio.  Ud, 


Th^t  ignn  »xliibito  tbom  fSbres  from  the  interior  column!  wbieh,  MC«Ddlng  t-o  the  ftre. 
bcUum,  connect  Ibe  motor  tract  vith  that  portion  of  th«  cerebral  bhub-,  k.  Cerebellum.  X. 
Pons  Varolii.  T.  Pjramidal  eroinenceB,  B.  Olivary  bodies,  w,  mi.  Corpus  reatifortne,  its  lar- 
face  baTiDg  been  earefully  icraped  in  order  to  nbow  the  lujter/icial  certhtllar  Jibra  of  tba 
anterior  columns.  Th^y  are  repreaetited  rather  more  divtinct  and  thick  than  tbey  realty  sp- 
prar,  though  their  course,  direetion,  and  relation  to  tfap  oUvnry  body  are  faitbrully  gifeu.—  Ed.] 

552.  When  we  examine  into  the  relativo  dev.  lopmont  of  the  Cerebellum  in 
the  different  classes  of  Vertebrata,  wo  find  that  it  presents  some  very  remarkable 
differences.'     In  its  simpler  forms,  this  organ  ia  found  to  consist  entirely  of  tho 

•  See  "Princ.  of  Comp.  Phys.,"  Am.  Eii.,  {  686. — Fuller  informnrion  upon  this  point  will 
be  found  ia  M.  Serres'  "Anat  Comp,  d«  Cerv«»ij/'  and  M.  Leuret"»  "  Antit.  Comp.  du 
Sjst^me  Nerrenx." —  For  »  K^neral  di-iQusston  of  the  evidence  afforded  by  Coinparalive 
AnatomT  in  regard  to  the  functions  of  the  Cerebellum,  see  the  "  Brit,  and  For.  Med.  BeT.." 
rol.  xxti.  pp.  686 — 641. 
33 
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representative  of  the  central  lobe  of  the  HuTnan  Cerebellum,  the  bemisplieres 
not  making  their  appearance  until  we  have  ascended  to  the  class  of  Birds  Oo 
ascendtng  the  ecate  of  MfitDtntferous  animals,  on  the  other  band,  we  cannrvt  bit 
be  struck  with  the  rapid  advance  in  the  proportional  size  of  the  Cerebellnm, 
which  we  ubservo  as  we  rise  from  the  lowest  (which  ore  surpas&ed  in  this  reepett 
by  many  Birds)  towards  Man,  in  whom  it  attains  a  development  which  ftppem 
enormous,  even  when  contrasted  with  that  of  the  Quadruoiana.  In  proportion, 
in  fact,  as  the  extremities  actjuire  the  p<"wer  of  prehension,  and  to'^ether  with 
this  a  power  of  application  to  a  great  variety  uf  purposes,  still  more,  in  pro|-ior- 
lion  as  the  animal  becomes  capable  of  maintaining  the  erect  posture,  in  which  a 
constant  muscular  exertion,  consisting  of  a  number  of  most  elaborately-comhiDed 
actions,  ia  required, — do  we  find  the  siie  of  the  Cerebellum,  and  the  complexity 
of  its  structure,  undergoing  a  rapid  increase.  Thus,  even  between  the  T)i>g  and 
the  Bear  there  is  a  marked  difference  ;  the  latter  being  capable  of  remaining  for 
some  time  in  the  erect  posture,  and  often  spontaneously  assuming  it;  whilst  to 
the  former  it  is  anything  but  natural.  In  the  semi-erect  Apes,  again,  there  i»» 
very  great  advance  in  tlic  proportional  size  of  the  Cerebellum ;  and  those  which 
most  approach  Man  in  the  tendency  to  preserve  habitually  the  creel  posture,  al» 
come  nearest  to  him  in  the  dimensions  of  ibis  organ.  — Thus,  on  looking  at  the 
size  of  the  Cerebellum,  in  relation  to  the  general  motor  activity  of  the  Vette^ 
bratcd  classes  respectively,  and  especially  taking  into  account  the  earietjf  of  their 
respective  movementa,  and  the  number  of  sepiirnte  muscular  actions  which  are 
combined  in  each,  we  can  scarcely  help  noticing  that  it  is  in  the  tribes  which  are 
most  distiogutiihcd  in  these  respects,  that  the  largest  Cerebellum  is  usually  foanti. 
Now  it  is  evident  that  Man,  althnugh  far  inferior  to  roiiny  of  the  lower  aniuuils 
iu  the  power  of  performing  various  particular  kinds  of  movement,  far  sarpuses 
them  all  in  the  number  and  variety  of  the  combinations  which  he  is  c«|)(ibleof 
executing,  and  in  the  complexity  of  the  eombinations  themselves.  Thus,  if  we 
attentively  consider  the  act  of  icalkimf,  we  shall  find  that  there  is  scarcely » 
ntuscte  of  the  trunk  or  extremiticB  which  ia  not  actively  concerned  in  it;  wine 
being  engaged  in  performing  the  necessary  movements,  and  others  in  maintainiDg 
the  equilibrium  of  the  body  which  is  disturbed  by  them.  On  the  other  hand,  in 
ihe  Horse  or  Camel,  tbe  muscular  movements  are  indi'vidunlly  numerous,  but 
they  do  not  re<|uirc  nearly  the  same  perfect  co-ordination.  And  in  the  Bin!,  tie 
number  of  muscles  employed  in  the  movements  of  flight,  and  in  directing  the 
course  of  these,  is  really  comparatively  small  j  as  may  at  once  be  perceived,  by 
comparing  the  rigidity  of  the  skeleton  of  the  trunk  of  the  Bird  with  that  of 
JIan,  and  by  remembering  the  almost  complete  inactivity  of  the  lower  extreini- 
ties  during  the  active  condition  of  the  upper.  In  fact,  the  motions  of  the  wings 
are  so  simple  and  regular,  as  to  suggest  the  idea  that,  as  in  Insects,  their  cIm- 
nicter  is  more  reflex  than  voluntary  : — an  idea  which  is  supported  by  the  length 
of  time  during  which  they  can  be  kepl-up  without  apparent  fatigue,  and  also  ot 
the  important  facts  already  mentioned  {^  529),  which  experimental  research  hu 
disclosed, 

553.  We  have  next  to  inquire  what  evidenee  can  be  drawn  from  Experimentil 
investigations  on  the  same  subject:  and  in  reference  to  this  it  is  desirable  to 
remark,  in  the  first  place,  that  the  experimental  mode  of  inquiry  is  perhaps  more 
applicable  to  this  organ  than  to  other  p;irts  of  the  Enccphalon  ;  inn.^mucb  as  it 
can  be  altogether  removed,  with  little  disturbance  of  the  actions  immediately  e»- 
Bcntial  to  life ;  and  tbe  atiimala  soon  recover  from  the  shock  of  the  operatiou,  and 
seem  but  little  affected,  except  in  some  easily-reeogniKed  purticuliirs.  The  prin- 
cipal experimenters  upon  this  subject  have  been  Orlando,  Flourens,  Mageodie, 
Tier  twig,  and  Longet.  It  is  not  to  be  expected,  that  there  should  be  an  enrt 
conformity  among  the  results  obtained  by  alt.  Every  one  who  has  been  engiged 
in  physiological  experimcDts,  ia  aware  of  the  amount  of  diflereuce  cau^^d  Ij 
very  miuute  variations  in  their  circumstances ;  iu  no  department  of  inquiry  ij 
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this  more  the  cas^,  than  in  regard  to  the  Nervous  Sjstcm;  and  such  differences 
nre  yet  more  likely  to  occur  in  experiments  made  upon  its  centres,  than  in  those 
•which  concern  it*  trunks.  — The  invcstigationa  of  Flourens'  are  the  most  clear 
and  decisive  in  their  results;  and  of  theBe  we  shall  accordingly  take  a  general 
survey.  He  found  thatjWhen  the  Cerebellum  was  mechanically  injured,  the  ani- 
nials  pave  no  signs  of  eensibiliiy,  nor  were  they  affected  with  convulsions  When 
the  Cerebellum  was  being  removed  by  successive  slices,  the  animals  became  restless, 
aod  their  movements  were  irregular ;  and  by  the  time  that  the  lust  portion  of  the 
organ  was  cut-away,  the  animals  had  entirely  lost  the  power  of  springing,  flying, 
walking,  standing,  and  preserving  their  equilibrium,  —  in  short,  of  perforniiDg 
any  combined  muscular  movements,  which  are  not  of  a  simply-reflex  character. 
When  an  animal  iu  this  state  was  laid  upon  the  back,  it  could  not  recover  its 
firmer  posture ;  but  it  fluttered  its  wings  and  did  not  lie  in  a  state  of  stupor. 
When  placed  in  the  erect  position,  it  staggered  and  fell  like  a  drunken  man, — 
not,  however,  without  making  efforts  to  maintain  its  balance.  When  threatened 
with  a  blow,  it  evidently  saw  it,  and  endeavoured  to  avoid  it.  It  did  not  seem 
that  the  animal  had  in  any  degree  lost  voluntary  power  over  its  several  muscles; 
nor  did  scusatioo  appear  to  be  impaired.  The  faculty  of  combining/  the  actions 
of  the  muscles  in  groups,  however,  wiia  completely  destroyed;  except  so  far  as 
those  aotioDB  (as  that  of  Kespiration,  were  dependent  only  upon  the  reflex  func- 
tion of  the  Spinal  Cord.  The  experiments  afforded  the  same  results,  when  made 
upon  each  class  of  Vertebrated  animals;  aud  they  have  been  since  repeated, 
with  corresponding  effects,  by  Bouillaud  and  Hertwig.  The  latter  agrees  with 
Flourens,  also,  in  stating  that  the  removal  of  one  side  of  the  Cerebellum  affects 
the  movements  of  the  oppt>.site  side  of  the  body ;  and  he  further  mentions  that, 
if  the  mutilation  of  the  Cerebeilum  have  been  partial  only,  its  function  is  in 
great  degree  restored.' 

554.  It  was  further  affirmed  by  Magcndie,  that  the  removal  of  the  Cerebellum, 
or  the  infliction  of  a  deep  wound  in  its  substance  on  both  sides,  occafiions  the 
animal  to  moye  hackicards  as  if  by  an  irresistible  impulse  ;  and  this  he  ntlributed 
to  the  retrograde  power  of  the  Corpora  Striata,  which  now  act  without  their  due 
balance.  That  such  a  movement  does  A>mcfi:'»ic(t  present  itself  after  such  injuries 
as  have  been  described,  cannot  be  questioned,  the  fact  having  been  cunfiniied  by 
other  experimenters;  but  it  is  a  phenomena  of  such  rarity,  that  it  cannot  be 
rightly  considered  as  having  any  direct  dependence  ufKin  the  injury  of  the  Cere- 
bellum, but  mast  be  rather  sot-down  to  some  accidental  complication,  or  concur- 
rent disturbance;  more  especially  since, as  already  pointed-out  (§  533),  the  func- 
tion attributed  by  Magendie  to  the  Cftrpora  Striata  has  no  real  existence. — But 
the  results  of  section  of  one  of  the  Crura  Cerebclli,  which  were  first  obtained  by 
Magendie,  are  much  more  constant;  fur  the  performance  of  this  operation  causes 
the  animal  to  fall-over  upon  one  side,  and  to  continue  roUing  vpon  its  fomjitudi- 
nal  axit,  even  as  fast  (in  some  instances)  as  sixty  times  in  a  minute  ;  the  move- 
ment going-on  for  many  days  without  intermisj^ion.  There  u  a  remarkable  dif- 
ference in  the  statements  of  different  experimenters,  however,  as  regards  the 
direotioD  of  this  rolling  movement;  for  whilst  Magendie  and  Miiller  nffirtn  that 
It  takes  place  towards  the  injured  side,  Ixinget  and  Lufurgue  assert  that  it  takes 
place /roni  the  injured  side  towards  the  opposite  side.  This  discrepancy  appears, 
from  the  experiments  of  Schiff,''  to  be  due  to  a  difference  in  the  locality  of  the 

'  *'  Reoherchea  £xp4rim.  sar  lea  propriet^a  et  lea  fonctioaa  du  Syst^me  Nerveux.*' 

•  All  these  results  arc  ohjecled-to  b_v  those  who  assert  that  the  Cerebellum  is  the  seat  of 
the  sexual  instinct,  on  the  gruund  thnt  the  observed  abemitions  of  tlte  mot«>r  fuiictioos  ar^ 
sufficiently  accounted-for.  hy  the  general  disturbance  which  aa  crpet-Mtion  ao  severe  roust 
necessarilj  induce.  The  fallncy  of  this  objection,  however,  is  shown  bj  the  tnct,  that  the 
much  more  seTere  operation  of  removing  the  Ilemitpherea  does  aot  occasiuti  such  au  aber- 
rutioD ;  the  power  of  jterforniing  (he  fl».>*nciatcd  nioTenients  and  of  tnaintaining  the  equi- 
librium: being  remarkably  preserved  After  the  loss  of  them  ($  529). 

*  '-De  vi  motoriik  busuos  eooephali  iuiiuisitiuaea  esperitueutalos ;"  Bookenhemii,  1645. 
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Bection;  for  he  states  that  if  the  ffcduncle  be  divided  from  befn'uif,  the  animU 
turns  (oicanh  tbe  side  on  wbich  the  scctioD  is  made;  whilst  if  the  section  be 
made  in  fronts  the  aaiuial  Inxns.  from  that  side  towards  the  opposite  one.  Tills 
difference  is  explained  by  Longet,  by  the  difierence  in  the  course  of  the  aDterior 
and  posterior  fibres  of  the  peduncles  :  for  according  to  him,  the  former  commu- 
nicate with  the  decussating,  and  the  latter  with  the  non-dt'cu.««itinpj  portion  of  tbe 
motor  tract;  so  that,  when  the  former  are  injured,  the  anlnjal  loses  control  over 
the  muscles  of  the  opposite  side,  and  when  tbe  latter,  over  the  muscles  of  the 
same  side.  This  rolling  movement  is  attributed  bj  some  to  the  continued  activity 
of  tbe  muscks  on  one  side,  now  unbalanced  by  that  of  tbe  muscles  on  the  other; 
but  if  such  were  the  case,  as  Longet  justly  remarks,  it  ought  to  occur  more  fre- 
quently than  it  does  in  cases  of  ordinary  hemiplegia;  and,  according  to  th&t 
eipcrimontcr,  observation  shows  that  it  rather  depends  on  a  twisting  njovement 
of  the  spina]  column,  especially  affecting  its  anterior  portion,  and  dragging  the 
posterior  (as  it  were)  after  it.' 

5.55.  The  information  supplied  bj  Patholopcal  phenomena,  when  interpreted 
with  the  cautions  formerly  referred-to,  is  found  on  the  whole  to  coincide  with  that 
obtained  from  experiment.  In  the  first  place,  it  fully  supports  the  coocJnsion, 
that  the  Cerebellum  is  not  in  any  way  the  instrument  of  p.*i/chical  operatioos. 
Inflarumation  of  the  memhntnes  covering  it,  if  confined  to  that  part,  does  ncit 
produce  delirium,  and  its  almost  complete  destruction  by  gradual  softening,  does 
not  appear  necessary  to  involve  loss  of  intelieetual  power.  **But,"  remarks  An- 
dral,  "  whilst  the  changes  of  intelligence  were  variable,  inconstant,  and  of  Uttle 
importance,  the  lesions  of  motion,  on  the  contrary,  were  observed  in  all  the  casn 
[of  i^o^tcni^g]  except  one;  and  in  this  it  is  not  quite  certain  that  motion  was  not 
mtirfcrcd  with."  Yet-  the  result  of  Andral'a  analysis  of  as  many  as  ninety-three 
cases  of  disea-sc  of  the  Cerebellum,*  is  not  favourable  to  the  doctrine  to  which 
the  results  of  cxpeniiicnls  seem  to  point;  but, as  it  has  been  justly  remarked  bj 
Longet,  the  efTccts  of  disease  are  only  partly  comparable  to  those  of  experiment ; 
since  in  a  large  proportion  of  chronic  disorders,  the  changes  consist  in  the  for- 
mation  of  a  new  product,  such  as  a  tubercular  or  cancerous  deposit,  or  a  cyst  of 
some  kind,  tho  gradual  development  of  which  is  quite  consistent  with  the  coo- 
tinuod  functional  activity  of  the  organ,  as  we  see  by  parallel  phenomena  elsewhere ; 
whilst  in  those  instances  in  which  hgemorrhage  occurs,  this  usually  occasions 
either  complete  apoplexy  or  local  paralysis,  by  its  effects  upon  other  organs.  Still, 
several  cases  of  chronic  disease  of  tbe  Cerebellum  have  been  observed,  in  which 
unstcadincit  of  (/ait,  without  paralysis,  or  only  giving  place  to  paralysis  at  last  on 
the  occurrence  of  hemorrhage,  was  a  very  marked  symptom ;'  and  these  afford  i 
strong  confirmation  of  tbe  doctrine  based  on  tbe  ciperimental  researches  already 
referred-to.  In  a  few  eases  in  which  both  lobes  of  the  Cerebellum  have  btrn 
seriously  affected,  the  tendency  to  retrograde  movement  has  been  observed ;  «nd 
instances  are  also  on  record  of  the  occurrence  of  rotat-dry  movement,  which  h« 
been  found  to  be  connected  with  lesion  of  the  Crus  Ccrebelli  on  the  same  side.* 
So  far  as  they  can  be  rclied-on,  therefore,  the  results  of  the  three  methods  of  in- 
vestigation bear  a  very  close  correspondence ;  and  it  can  scarcely  be  doubted  thai 
they  afford  us  a  near  approsimation  to  truth. 

'  See  his  "  Traits  de  PhyBiologic,"  torn,  ii.,  partie  2,  pp.  216,  217. 

*  Bee  hia  "Glinique  MMicale,"  2i&me  edit  torn.  t.  p.  785. 

"  Two  Buch  cases  are  recorded  bj  Mr.  Dunn  in  the  "  Med.-Chir.  Trans.,"  vol.  xxnL; 
and  another  by  Dr.  Cowan  in  tho  "  ProT.  ,Med.  and  Surp.  Journ.,"  April  16,  1846;  and 
tbe  Author  has  been  made  acquainted  with  Bcveral  others,  by  gentlemen  under  wboM  cog* 
niaance  they  have  fallen. 

*  A  collection  of  such  casea  has  been  made  by  Dr.  Paget,  in  his  paper  on  "  Morbid 
Bhylhmicnl  MoTementa."  in  the  "Edinb.  Med.  and  Surg.  Journal,"  1847,  vol.  IxTii. — A 
case  fell  witliia  tbe  Auibor'a  btiofrk'dge  u  few  years  ago,  in  which  a  state  of  this  kiod, 
that  liisted  for  aome  liour?,  appeared  to  depend  upon  an  attack  of  Indigestion  :  tbe  »jinp 
turns  being  completely  relieved  by  votniiing,  arid  no  further  indicalicu  of  Encepbalio  di>- 
yrder  raaoifesting  itself. 
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556.  It  mast  not  be  allowed  to  paes  unnoticed,  that  some  Ptiysiulognsts  (as 
Poville,  Pinel-Grandchamp,  and  Dug^s)  have  regarded  the  Cerebellum  a»  the 
centre  of  coranion  Sensation;  chieflj  on  the  pround  of  its  connection  with  the 
posterior  columns  of  the  Spinal  Cord,  and  of  the  manifeatationa  of  pain  which  are 
called-forth  by  touching  the  Restiform  columns.  Although  these  facts  may  letid 
U9  to  admit  that  the  Cerebellum  is  connected  with  the  senBorial  centres,  and  even 
that  it  is  itself  rt  seat  of  sensibility,  jet  it  is  ipapossible  to  regard  it  as  the  exclu- 
sive seat  of  sensibility,  conpistently  with  the  facts  with  which  experiment  and 
pathological  observation  supply  u.s ;  since  neither  the  removal  of  the  entire  organ 
bj  operation,  nor  its  complete  destruction  by  disease,' hnve  been  found  to  involve 
any  loss  of  the  ordinary  sensorial  powers. — There  would  seem  much  more  proba- 
bility in  the  idea,  that  it  is  the  special  seat  of  the  '  muscular  sense,'  which  has  so 
important  a  share  in  the  guidance  of  the  co-ordinated  movements  (§  541);  and 
this  notion  derives  confirmation,  from  the  marked  structural  connection  which 
exists  between  the  Cerebellum  and  the  Optic  Ganglia  (corpora  quadrigemina), 
the  purpose  of  which  may  be  not  unfairly  surmised  to  be,  to  communicate  the 
guidance  of  the  visual  sense  to  the  organ  by  which  the  co-ordination  of  motions  is 
effected,  in  the  same  manner  as  the  impressions  appertaining  to  the  '  muscular 
eonse'  are  transmitted  upwards  by  the  Restiform  columns.  The  chief  objection 
to  such  a  view,  would  seem  to  lie  in  the  stronp  similarity  between  the  '  muscular* 
sense  and  •common'  or  'tactile  '  seuBation,  which  makes  it  difficult  to  conceive 
that  they  should  have  different  scats  in  the  Sentorium  commune.  But  this  diffi- 
culty is  diminished  if  not  removed  by  the  reflection,  that  the  Restiform  columns 
appear  to  have  the  same  endowments  as  the  remainder  of  tlic  Sensory  tract  de- 
rived from  the  po^iterior  columns  of  the  Spinal  Cord ;  and  that  no  explanation 
can  be  given  of  their  extreme  sensitiveness  to  impressions  (as  shown  by  experi- 
ment), unless  it  be  admitted  that  the  organ  in  which  they  terminate  is  itself  a 
centre  of  a  form  of  sensation  closely  allied  to  that  of  the  common  or  tactile  kind, 
possibly,  however,  the  true  termination  of  these  fibres  is  in  the  '  corpus  denta- 
tura  *  of  the  Crura  Cerebelli ;  and  the  Cerebellum  may  re-act  upon  impre^iona 
thence  transmitted  to  it,  without  being  itself  the  instrument  of  commuuicating 
such  impressions  to  the  consciousQesa. 

557.  We  have  now  to  examine,  however,  another  doctrine  regarding  the  func- 
tions of  the  Cerebellum,  which  w«s  first  propounded  by  Gall,  and  which  is  sup- 
ported by  the  Phrenological  school  of  pliysiologista.  This  doctrine,  that  the 
Cerebellum  is  the  organ  of  the  sexual  instinct,  is  not  altogether  incompatible  with 
the  other;  and  by  some  it  has  been  held  in  combination  with  it.  The  greater 
number  of  Phrenologists,  however,  regard  this  instinct  as  the  excftisive  function 
of  the  Cerebellum  ;  and  assert  that  they  can  judge  of  its  intensity  by  the 
degree  of  the  development  of  the  organ.  We  shall  now  examine  the  evidcnoe 
io  support  of  this  position  ofForded  by  the  three  methods  of  inquiry  which  have 
been  already  indicated.  lu  the  fir>;t  plaoe  it  may  be  remarked,  that  the  sexual 
propensity  is  very  closely  connected  with  various  Emotional  states  of  mind,  to 
which  'organs'  are  assigned  by  I'hrenolfigista,  and  of  which  the  Cerebrum  is 
universally  admitted  to  be  the  scat ;  such  for  instance  as  '  love  of  offspring,' 
•  adhesivness,'  and  (in  the  lower  animals  more  particularly)  '  combativenoss;' 
whilst  in  Man  it  has  a  continual  operation  upon  the  reasoning  faculties  and  the 
Will.  Yet  the  anatomical  connections  of  the  Cerebellum  are  peculiarly  unfavor- 
able to  any  such  influence ;  these  being,  as  we  have  seen  rather  with  the  lowei 
than  with  the  higher  portion  of  the  Cercbro-epinal  axis — Again,  the  results  of 
fair  observation  as  to  the  comparative  size  of  tho  Ccrfbellura  in  different  animals, 
can  scarcely  be  regarded  as  otherwise  than  very  unfavourable  to  the  doctrine  i^i 
question.' — it  is  asserted,  however,  that  the  results  of  observation   in  Man  leao 

*  See  the  weH-kDOwa  c&se  recorded  bj  Combetti,  in  the  "Revu«  Ni^dicale,"  torn,  ii 
p.  67 

*  See  ••Brit,  and  For.  5Ie<lica1  Review,"  toL  xxii.  pp.  635-541. 
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to  n  positive  conclusion,  that  the  size  of  the  Cerebellum  is  a  measure  of  the 
intcnsit;  of  the  sexual  instinct  in  the  individual.  This  assertion  has  been  met 
by  the  counter-statement  of  others,  that  no  euch  relution  exists.  It  is  unf^iT- 
lunate  thrit  here,  as  in  many  other  instances^  each  party  hns  repistered  the  obwr- 
vations  favourable  to  its  own  views,  rather  than  those  of  an  opposite  character; 
BO  that  until  mmc  additional  evidence  of  a  less  partial  nature  shall  have  been 
collected,  we  muat  consider  the  question  as  siih  Jtufi'ce,  It  nsay  be  safely  affirmed, 
however,  that  no  evidence  upon  the  affirmahve  side  of  this  proposition  his  yet 
been  adduced,  which  can  be  in  the  least  degree  satisfactory  to  tbe  mind  of  any 
Anatomist  who  is  competent  to  judjrc  of  its  value.  For  nearly  »1I  the  obserw 
tions  which  have  been  paraded  by  Pbrenologi.sta  in  support  of  Gall's  doctricp, 
have  been  based,  not  upon  the  actual  tJeterminatiov  of  tbe  size  or  weight  of  tbe 
Cerebellum  in  different  individuals,  but  upon  an  estimate  of  its  proportional 
development  from  the  external  conformation  of  the  skull.  Now  any  one  who 
has  even  cursorily  examined  those  principal  types  of  cranial  coDfortnation,  which 
arc  characteriptic  of  some  of  the  chief  subdivisions  of  tbe  Iluaian  specie*,  must 
perceive  that  there  is  a  no  less  characteristic  difference  between  these  differ>'Bt 
types  in  the  occipital,  than  there  ia  in  the  frontal  region.  For  whilst  tbe 
occipital  projection  is  much  tjreater  in  the  'prognathous '  skull  than  it  is  in  the 
'  elliptJcaij'  it  is  as  much  lesi  in  the  'pyramidal  ;*  and  thus  while  the  first  would 
be  considered,  according  to  the  phrenological  rules,  to  bold  a  much  larger  Cere- 
bellum, this  organ  in  the  latter  would  be  regarded  aa  necessarily  rery  gmnlL 
Now  there  is  not  only  as  much  evidence  of  a  strong  development  of  the  sexnal 
propensity,  in  the  characters  and  habits  of  tbe  pyramidal-skulled  Asiatics,  M 
there  is  in  regard  to  the  elliptical-skulled  Europeans,  or  the  prognathous  Negroes; 
but  there  is  also  anatomical  evidence  io  show  that  the  eize  of  the  Cfrt-Mhtm  U 
the  different  race*  hears  no  rchlimi  whtitrver  to  (he  dftfree  of  prr/fn'fion  nf  th^ 
orripnt ;  for  the  plane  of  this  organ  being  somewhat  oblique  in  the  elliptical 
skull,  is  horizontal  in  the  prognathous,  and  nearly  vertical  in  the  pyramida!, 
while  the  size  and  anatomical  relations  of  the  organ  arc  not  in  the  least  degree 
affected  by  this  difference  in  its  position.' — Hence  it  may  be  safely  affirmed,  that 
no  evidence  with  regard  to  the  relation  asserted  to  exist  between  the  site  of  the 
Cerebellum  and  the  intensity  of  tbe  sexual  propensity,  has  any  value,  save  that 
fwhich  is  drawn  from  the  positive  determination  of  the  former  by  measore  or 
weight. 

558.  Among  the  arguments  adduced  by  Gall  and  his  followers  in  proof  of  the 
oonnectiou  between  the  Cerebellum  and  the  sexusil  instinct  is  one  which  would 
I  deserve  great  attention,  if  the  facta  stated  could  be  relied-on.  Tt  has  hrev 
I  asserted,  over  and  over  again,  that  the  Cerebellum,  in  animals  which  have  been 
castrated  when  young,  is  much  snujller  than  in  those  which  have  retained  tbeir 
virility,- — being,  in  fact,  atrophied  from  want  of  power  to  act.  Now  it  ia  unfoT- 
tunate  that  vague  assertion,  founded  on  estimates  formed  by  the  eye  from  the 
cranium  alone,  ia  all  on  which  this  position  rests ;  and  it  will  be  presently  shown 
how  very  liable  to  error  such  an  estimate  must  be.  The  following  is  the  re<oh 
of  a  scries  of  obscrv'ations  on  this  subject,  suggested  by  M.  Leuret,"  and  carrie<] 
into  effect  by  M.  Lassaigne  : — The  weight  of  the  Cerebellum,  both  absolutely,  and 
as  compared  with  that  of  the  Cerebrum,  was  adopted  as  the  standard  of  compari»0D. 
This  was  ascertained  in  ten  Stallions,  of  the  ages  of  from  nine  to  seventeen  years ;  in 
twelve  Mares,  aged  from  seven  to  sixteen  years;  and  in  twenty-one  Geldings,  aged 
from  fteven  to  seventeen  years.  The  average  weight  of  the  Ccrebruio  in  the  tSW- 
Itont  waa  433  grammes  ;  the  greatest  being  485  gr.,  and  the  least  (which  was  ia  a 
hoiseof  ten  years  old)  being  350  gr.  The  average  weight  of  the  Cerebellum  was  CI 
gr. ;  the  greatest  being  65  gr,  the  least  56  gr.     The  average  proportion  borne  bj 

'  Tho  Author"?  BUteiueots  on  this  point  are  based  on  ibe  vcrj  decided  k6seirtion$  of  hvi 
(Vienit  Prof.  Rpttiiis  of  Stockholni,  who  hn-s  paid  special  atteiiliuu  to  this  inquiry. 

•  "  Annt.  Comp,  du  S^-at^me  >'erTeax,"  torn,  i,  p.  427. 
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the  weifrht  of  the  Cerebellum  to  that  of  the  rorchrum,  was,  therefore,  one  1  to  707 ; 
the  highest  (resulting  from  a  very  small  Corcbratn)  being  1  to  G-25  ;  and  the 
lowest  (resulting  from  an  unusually  Inrge  Cerebrum)  being  1  to  7'4fi.  Through- 
out it  ujigbt  be  observed,  tbat  tlie  variation  in  the  size  of  the  Cerebellum  wai 
maoh  less  than  in  that  of  tbe  Cerebrum. — In  the  twelve  A/nre»  the  average  weight 
of  the  Cerebrum  wa«  402  gr. ;  the  highest  being  432  gr.,  aod  the  lowest  363  gr. 
That  of  the  Cerebellum  Bl  gr.  ;  tbo  hijrhost  being  G6  gr.  (which  was  in  the 
iDdividual  with  the  smallest  Cerebrum)),  and  the  lowest  58  gr.  The  average  pro- 
portion of  the  weight  of  the  Cerebellum  to  that  of  the  Cerebrum  was  1  to  6'59 ; 
the  highest  being  1  to  500,  and  the  lowest  1  to  7.  The  proportion  wii8,  there- 
fore, considerably  higher  in  the  perfect  female,  than  in  the  perfect  male. — In  the 
twenty-one  GelJinyg,  the  average  weiirht  of  the  Cerebrum  was  419  gr.  ;  the 
highest  being  560  gr.,  and  the  lowest  340  gr.  The  average  of  the  Cerebellum 
was  70  gr.,  the  lowest  being  70  gr,  and  the  lowest  64  gr.  The  average  propor- 
tion was,  therefore,  1  to  5  07  j  the  highest  being  1  to  516,  and  the  lowest  1  to  7*44. 
It  ia  curious  that  thia  last  was  in  the  individuul  whieb  had  the  large.st  Cerebel- 
lum of  the  whole ;  but  the  proportional  weight  of  the  Cerebrum  was  still  greater. — 
Bringing  together  tbe  results  of  these  obsiervatinns,  they  are  found  to  be  quite  op- 
posed to  the  statement  of  Gall.  The  weight  of  the  Cerebrumj  reckoning  the  Cere- 
bellum as  1,  la  thus  expressed  ia  each  of  the  foregoing  degcriptiona  of  animals  : — 

jivirafft.  Hightat.  Loweit. 

Stalliona 707  7-46  6  26 

Mures 0  59  7-00  6.09 

OeWingB 6-97  744  616 

The  average  proportional  size  of  the  Cerebellum  in  Ocldings,  therefore,  is  so  far 
from  being  lets  than  that  which  it  bears  in  entire  Ilurses  and  Mares,  that  it  is 
positively  greater;  and  this  depends  not  only  on  diminution  in  the  relative  sise 
uf  the  Cerebrum,  but  on  its  own  larger  dimension,  as  the  following  comparisoD 
of  alttoiute  weight*  will  show  : — 

Jveragt,  JJifih4M,  Lotoul, 

SullioQB 61  66  66 

Mitres „ 61  66  68 

Geldings 70  78  64 

The  difference  ia  so  remarkable,  and  appears,  from  examtnatioD  of  tht  individual 
revolts,  to  he  so  constant,  that  it  cannot  be  attributed  to  any  aeeident&l  circum- 
stance, arising  out  of  the  pniall  number  of  animals  thus  examined.  The  average 
weight  of  the  Cerebellum  io  the  ten  StalliouSi  and  twelve  Mares,  is  seen  to  be  the 
«ame,  and  the  extremes  differ  but  little  in  the  two;  whilst  the  average  in  the 
Geldings  is  more  than  one-seventh  higher,  and  the  lotceat  ia  considerably  above 
the  awToge  of  the  preceding,  while  the  highest  far  exceeds  the  highest  among 
the  entire  Horses.  It  is  curious  that  Gull  would  have  been  much  ueariT  the 
truth,  if  he  bad  said  that  the  dimensions  of  the  Cerebruvi  are  usually  reduced 
by  castration;  for  it  appears  from  the  following  table  that  such  is  really  thd 
caite: — 

Avtrofft.  QrtaUd.  LtatL 

Btanioiw 488  485  850 

MareB „ 402  432  336 

Geldings 419  666  846 

The  weight  of  the  largest  Cerebrum  of  the  Ge!ding  is  far  above  the  highest  of 
the  Stallions;  but  it  seems  fo  have  been  an  extraordinary  case,  aa  in  no  other 
was  the  weight  above  490  gr.  If  thia  one  be  excluded,  the  averayr.  will  ba 
reduced  still  further,  being  then  about  412;  thia  may  be  seen,  by  looking  over 
the  whole  table^  to  give  a  very  fair  idea  of  (he  usual  weight  in  these  animali», 
which  is  therefore  leu,  by  about  one-twentieth,  than  the  average  in  the  SiAtlionri.. 
— The  increased  size  of  the  l.^erclicllum  in  GeWings  may  perhaps  be  accounted- 
for,  by  remembering  that  this  clusa  of  horses  is  solely  cinpluyed  for  its  muscular 


520 


FCNCTIONS   OF   THE   CERKBRO-SPINAL   NERVOUS   SYSTEM. 


power,  and  that  the  constant  exercise  of  the  organ  is  not  nnlikely  to  develop  iti 
sixe ;  whilst  Stallions,  beinp  kept  especially  for  the  purpose  of  propagation,  are 
much  less  applied  to  occupations  which  call  forth  their  motor  activity. 

659.  It  is  assertctl,  however,  hy  the  followers  of  Gall,  lh«t  very  strong  evidcni 
of  the  truth  of  his  docrine  is  afforded  by  PMhologieul  phenomena :  excitemcnl 
of  the  geuitftl  organs,  luaaifcsting  itself  in  priupi^ui,  turpescence  of  the  tc^tea^ 
and  seminal  emissions,  beiuj*  an  ordinary  eonconiitunt  of  some  forms  of  apoplexy 
in  which  the  Cerebellum  is  afiTected ;  whilst  in  other  cases  of  disease  or  inj 
involving  oitenslvc  destruction  of  tho  suLstanec  of  the  orsrao,  there  has  been 
complete  abatement  of  sexual  desire.  The  proportion  of  recorded  c&sesof  d 
of  the  Cerebellum,  however,  in  which  any  affection  of  the  genital  organs  has  bei 
noticed,  is  extremely  small ;  for  out  of  178  cuses  which  have  been  collected 
Burdach/  only  10,  or  scarcely  more  than  1  in  18,  presented  any  syruptoins  th; 
tended  to  iodicato  a  functional  relation  between  the  Cerebellum  and  the  Genii 
organs.  The  same  physiologist  affirms  that  similar  affections  present  themsel 
when  the  Cerebrum  is  the  seat  of  the  lesion;  and  there  seems  a  strong  prol 
bility  that  it  is  solely  to  the  connection  of  these  organs  with  the  Spin^  0 
that  such  affections  of  the  genital  ap^>aralu^  are  due.  For  erection  of  the  pc 
has  been  noticed  in  a  far  larger  proportion  of  cases  in  which  the  Spinal  C 
itself  has  been  the  seat  of  the  lesion ;  thus  in  15  cases  in  which  the  cervical  pop? 
tion  of  the  Cord  was  affected,  erection  of  the  penis  was  observed  in  8;  and  in  13 
cases  of  lesion  of  the  dorso4umbar  portion  of  the  cord,  erection  of  the  penis  took 
place  in  3.'  It  is  well  known  thut  erection  of  the  penis  and  emissio  seminis  ar« 
not  unfrequent  phenomena  of  death  by  hiinging^  and  this  fact  accords  fully  &j 
well  with  the  tdeu  thut  the  affection  of  the  sexual  organs  is  consequent  upon 
lesion  of  the  Cranio-Spinal  axis,  as  with  the  doctrine  that  it  is  due  to  disordered 
function  of  the  Ccrt-bellum. — It  has  been  suggested  by  Serrea,*  who  collected 
seven  cases  in  which  excitement  of  the  gcuitul  organs  was  coincident  with  apo- 
plexy of  the  median  lobe  of  tho  Cerebellum,  that  whilst  the  lateral  lobes  or  hcnii- 
spheres  may  be  connected  with  the  locomotive  function,  the  median  lobe  mity  be 
the  organ  of  the  sexuul  instinct.  Several  eases  have  been  recorded,  in  which 
some  such  relation  appeared  to  be  indicated;  and  the  Author  has  been  msiie 
uci[uainted  with  at  Icuat  six,'*  in  which  an  extraordinary  salacity  developed  itself 
at  an  advanced  period  of  life,  whilst,  concurrently  with  this,  or  following  upon  it, 
there  was  that  kind  of  unsteadiness  of  gait  which  may  be  held  to  indicate  chrooic 
disease  of  the  Ccrebeltum.  In  one  of  these  eases,  of  which  the  history  and  potN 
mortem  appearances  have  been  carefully  recorded  by  Mr.  Dunn/  there  was  stroo^ 
evidence  that  the  cxcitemeut  of  the  sexual  propensity  was  coincident  with  the  irri- 
tative stage  of  incipient  disease  in  the  central  lobe  of  the  Cerebellum,  and  that  the 
abatement  of  the  propensity  was  in  like  manner  coincident  with  the  subsequent 
destruction  of  its  subtitance;  whilst  the  advance  of  the  disease  into  the  lateral  lub^HH 
was  marked  by  impairment  of  the  power  of  co-ordination  of  movement.  But  *'i^^| 
regard  to  all  such  cases,  and  others  that  may  be  ranked  in  the  same  category,*  tlia 

'  "VomBaue  and  Lcbcn  des  Gehirna,"  (Leipiig,  1810-26),  band  iii. 

*  See  the  '■Traitd  dea  Maladiea  de  la  Moelle  Epioiire"  of  M.  OlUvier  (d'Angcrs),  3i^D« 
edit.,  torn.  iii.  p.  ijlti. 

*  '*  Anatomie  Compur^e  da  Cervean,"  tom.  li.  p.  601,  717, 

*  Foar  8ucli  caaen  hiive  cuiiiii  utidur  tlie  notice  of  lilti  friend  Dr.  Simpson  of  York. 

*  "  Medico-Cliiruigical  TransuctionH,"  toI.  xxxii. 

*  Tims,  It  case  haa  been  Donimuuicated  to  the  Author  by  Mr.  Turley  of  WorccBttr,  in 
which  the  sexual  deuire,  vbich  bad  been  always  strongs  tbroagb  life,  but  which  hud  bttn 
ciiatrolteil  within  tbe  limits  of  decency,  Dianifested  itself,  duriug  a  period  of  some  montli* 
preceding  death,  ia  a  most  extra  ordinary  degree;  on  posl  mortem  examination,  a  tumour 
WHS  fuuud  on  tbe  Pooi)  Varolii. — And  he  haa  been  informed  of  another  case  by  Dr.  Evan»oB 
J  formerly  «f  Dublin),  in  which  a  young  officer  on  the  eve  of  marriage,  having  leeeived  t 
bluw  on  the  occiput  by  a  f:*U  from  bis  horse,  became  Impotent,  without  any  other  disordrr 
of  his  bodily  or  montiil  powers:  and  in  the  distress  consequent  upon  tliia  duicoTer>,  cun- 
•uittei  suicide  i>a  the  moruing  fixed  fur  his  wedding. 
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objcctioa  of  P^-trequln'  holds  good,  that  when  disease  or  injury  affects  the 
median  lobe  of  the  Cerebellum,  the  Medulla  ObloD^;ata  is  almost  certain  to  be 
implicated  in  it;  so  that,  as  tbc  evidence  already  refeired-to  clearly  indieatt'S  the 
exiBtence  of  a  special  relation  between  »he  genital  organs  and  the  upper  part 
of  the  Spinal  Aii;?,  no  positive  proof  is  afforded  by  them  that  any  porsiya  of  the 
Cerebt'llutn  baa  any  speeial  conpcction  with  the  generative  futii-tion. 

6C0.  Tiie  Aulhor  is  far  from  denyio":  in  toto,  that  any  peculiar  connection  exiet^s 
between  the  Cerebcllnra  and  the  Genital  system  ;  but  if  the  evidence  at  present 
adduced  in  support  of  the  I'hrcnological  posifion  be  held  sufficient  to  Lii^tiiblish 
it,  in  defiance  of  »o  many  opposing  considerations,  vre  must  bid  ndicu  to  all  safe 
reasoning  in  Physiology.  The  weight  of  tcstimotiy  appears  to  him  to  be  rjuite 
decided,  in  regard  to  the  connection  of  the  Cerebellum  with  the  regulation  of  the 
motor  function  J  and  as  au  additiuaul  argument  in  favour  of  this  view,  it  may  be 
stated,  that  the  lobes  of  the  Humaii  Cerebellum  undergo  their  most  rapid  de- 
Telopment  during  the  first  few  years  of  life,  when  a  large  number  of  complex 
voluntary  movements  are  being  learned  by  experience,  and  arc  being  associated 
by  means  of  the  muscular  sensations  accompanying  them;  wbiJi^t  in  those  ani- 
mals which  have,  immediately  after  birtb,  the  power  of  reguJaiing  their  voluntary 
xuovemcnta  for  definite  objects,  with  the  greatest  precision,  the  Cerebellum  ia 
more  fully  developed  at  the  time  of  birth.  In  both  JDSt&nces  it  is  well  formed 
and  in  active  operation  (so  far  as  can  be  judged-of  by  the  amount  of  circulation 
through  it^,  long  before  the  sexual  instinct  manifests  itself  in  any  perceptible 
degree. — Bat  neither  doctrine  need  bo  maintained  altogether  to  the  exclusion  of 
the  other;  and  there  are  uiany  among  the  Phrenologists  of  the  present  day,  who 
hold,  with  Serres,  that  whilst  the  kttTiikphercs  of  the  Cerebellum  possess  the  en- 
dowments now  generally  assigned  to  them  by  Physiologists,  the  cmind  lobe  is 
connected  with  the  Genital  funetion.  It  has  been  shown  by  Dr.  N.  S,  Davis," 
however,  that  there  is  no  perceptible  diifcreiice  in  the  dimensions  of  this  central 
lobe,  any  more  tbaa  in  those  of  the  hemispheres,  between  Bulls  aud  Oxen  ;  and 
no  prt'of  hns  yet  been  offered,  save  that  afforded  by  the  pathcilogical  evidence 
just  rt'ferred-to,  that  any  such  endowment  \a  possessed  by  it.  That  in  some  way 
or  other,  however,  either  the  central  portion  of  the  Cerebellara,  or  some  part  of 
the  Medulla  Oblongata,  has  a  spi'ciul  connection  with  the  Generative  function, 
appears  to  the  Author  to  be  iodicuted  with  tolerable  clearness  by  several  of  the 
Patbologie^l  phenomena  already  cited.  The  circutustance,  too,  of  which  he  has 
frcqueutly  been  assured,  that  great  application  to  gymuastio  exercises  diminishes 
fur  a  time  the  sexual  vigour,  and  even  totally  suspends  desire,  seems  worthy  of 
Consideration  in  reference  to  such  a  view;  for  if  the  Cerebellum  be  really  con- 
nected with  both  kinds  of  function,  it  does  not  seem  unreusonablo  that  tha 
excessive  employment  of  it  upon  one  should  diminbh  its  energy  in  regard  to  the 
other. — An  analysis  of  the  nature  of  the  Sexual  propensity,  however,  suggests 
the  conclusion  that  we  are  not  to  look  in  this  part  of  the  Encephalon  for  anything 
else  than  a  seat  of  the  sexual  sensativn;  the  character  of  which  seems  to  be  suf- 
ficiently different  from  that  of  mere  tactife  sensation,  to  re(|uire  a  distinct  gan» 
glionic  centre.  Such  a  centre  wouH  be  likely  to  be  placed  in  the  line  of  tho 
other  sensory  ganglia,  and  in  dose  connection  with  them. 

561.  As  in  the  case  of  other  sensations,  the  Sexual,  when  moderately  excited, 
may  give  rise  to  ideas,  emotions,  and  desires,  of  which  the  Cerebrum  is  the  seat; 
and  these  may  react  on  the  muscular  system  through  the  Intelligence  and  ^VtU 
But  when  inordinately  excited,  or  when  not  kept  in  restraint  by  the  Will,  tho 
sexual  sensations  will  at  once  call  into  play  respondent  movements,  which  are 
then  to  be  regarded  as  purely  automatic;  this  is  the  case  in  Nymphomania  and 
Satyriasis  in  the  Human  subject;  and  it  is  probably  also  the  ordinary  mode  of 

'  'Sur  qtu'l<(aes  pnints  ile  la  rhysiologifl  da  Cerrolet  et  d«  la  Moclla  Epiaifere,' iq 
"Gai.  M6dicale,"  l»3ti,  torn.  iv.  p.  64<i. 

*  ••  Truiisactiutjs  of  .^inericuu  Medicitl  .Associatiun,"  toL  iii.  p.  415 
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operation  of  this  sense,  in  such  of  the  lower  anitnals  as  have  not  psjchiwil  poi 
enough  to  forin  a  conception  of  an  absent  object  of  gratification,  and  cantin|i|l 
therefore,  be  paid  to  hove  sexual  desirrs.     Thus,  like  other  sensations,  it  may : 
either  in(rlliyai(iy  or  automatical/^^ j  piviiip  rise  to  I'tfrnt,  by   transmissiriD 
the  Cerebrum,  which  ideas,  associated  with  pleasurable  feelings,  originate  detir 
that  stimulate  the  Reasoning  powers  to  devise  means  for  their  gratification,  andl 
excite  the  Will  to  the  necessary  actions ;  or,  by  its  immediate  action  upon  tl 
motor  ajtparatiiB,  producing  respondent  movrmmts. — Of  this  double  mot]ut 
rnndi  we  seem  to  have  sufficient  evidence.     For  among  many  of  the  lower  tril 
of  animals,  at  the  time  when  the  generative  organs  are  in  a  state  of  functioni 
utivity,  the  presence  nf  an  individual  of  the  opposite  sex,  indicated  by  the  sigh^ 
lell,  hearing,  or  t<i'Uch,  immediately  excites  the  whole  train  of  instinctive  aotiooi' 
concerned  in  the  reproductive  operation  j  whilst  we  have  no  evidence  in  thetn  of 
Boy  voluntary  exertion,  resulting  from  the  existence  of  a  desire  entertained  in 
the  absence  of  the  object,  and  intended  for  the  gratification  of  that  desire.     In 
Man,  on  the  other  hand,  the  principal  operation  of  the  sexual  sensations  \&  in 
awakening  desires  and  affections,  which  serve  as  excitements  to  the  intelligente 
and  as  motives  to  the  Will ;  and  it  is  only,  under  ordinary  circumstances,  when 
the  two  sexes  have  been  thus  brought  into  close  rclntion,  that  the  direct  reaction 
of  the  sexual  sensation  rcianifes-ts  itself  in  automatic  movements.     In  c««e«,  how- 
ever, in  which  this  sensation  is  excited  in  unusual  strength,  it  may  complet<-lj 
overmaster  alt  niotivea  to  the  repression  of  the  propensity,  and  may  even  entipely 
remove  the  actions  from  volitionnl  control ;  and  a  state  of  a  very  similar  kind 
exists  in  many  Idiots,  in  whom  the  sexual  prupeosity  exerts  a  dominant  power, 
not  because  it  is  in  itself  peculiarly  strong,  but  because,  the  Intelligence  being 
undeveloped,  it  acts  without  restraint  or  direction  from  the  Will. 

5.    The  Cerebrunif  and  its  Functioni, 

5C2.  We  come,  in  the  last  place,  to  consider  the  functions  of  that  portion  of 
the  Nervous  Centres,  which  is  evidently,  in  Man,  the  predominant  organ  of  bis 
whole  system ;  being  not  merely  the  instrument  of  his  Reasoning  faculties,  but 
also  possessing  a  direct  or  indirect  control  over  nearly  all  the  actions  of  his  cor|>o- 
real  frame,  siive  those  purely  vegetalive  processes  which  are  most  completely  iw). 
lated  from  his  animal  powers.  We  should  be  in  great  danger,  however,  of  coming 
to  an  erroneous  conclusion  as  to  the  real  chamcter  of  the  Cerebrum  and  of  i'-* 
operations,  if  we  conOncd  ourselves  to  the  study  of  the  Human  organism ;  and 
the  history  of  Physiological  scipuce  shows,  that  every  advance  of  knowledge 
respecting  its  functions  has  tended  to  limit  theraj  whilst  at  the  same  time  reode^ 
ing  them  mare  precise.  Thus  the  Brain  (this  term,  in  the  older  Anatomy,  being 
chiefly  appropriated  to  the  Cerebrum)  was  once  accounted,  not  merely  the  centre 
of  all  motion  and  sensation,  but  also  the  source  of  all  vitatlity;  the  different  pro- 
cesses of  nutrition,  secretion,  kc,  being  maintained,  it  was  supposed,  by  a  con- 
stant supply  of  '  animal  spirits,'  propagated  from  the  brain,  along  the  nerves,  to 
each  individual  part.  The  more  modern  doctrine,  that  the  Sympathetic  System 
has  for  its  special  function  to  supply  the  nervous  influpoco  requii^ite  for  the 
maintenance  of  the  functions  of  Organic  life,  was  the  first  step  in  the  proce«  of 
limitation  ;  still  the  lirain  was  regarded  as  the  centre  of  all  the  Animal  function.'*; 
and  no  tithe r  part  was  admitted  to  possess  any  power  independently  of  it.  Bt 
L'iperiiiients  and  pathological  observations,  however,  the  powers  of  the  Spina! 
Cord  us  an  independent  centre  of  action  were  next  establi-shed ;  and  it  was  ibos 
jihown  that  there  is  a  large  class  of  motions  in  which  the  Brain  has  no  concern, 
and  that  the  removal  of  the  Cerebral  hemispheres  is  not  incompatible  (even  aniorcz 
the  higher  Vertobruta)  with  the  prolonged  maintenance  of  a  sort  of  inert  ai'ii 
scarcely  conscious  life.  Still,  it  ha«  been  usually  maintained,  and  with  pcriiat  show 
of  reauon,  that  the  Cerebrum  is  the  iustrumeul  of  all  psychical  operations,  tud 
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the  originator  of  all  tte  movements  whicli  couSd  not  Ke  assigned  to  the  reflex 
aoliiiti  of  tlie  Spinal  Cord.  An  attempt  has  been  made,  however,  in  tlie  preceding 
pages,  to  show  that  this  view  ia  not  correct ;  and  that  there  is  a  class  of  actional, 
neither  excito-niotor  nor  voluntarjr,  but  directly  consequent  upon  Sensations,  and 
constituting  (with  the  excito-njotor)  the  truly  instinctive  actions,  which  may  be 
justly  assigned  to  certain  pnnglionto  centres  not  less  independent  of  the  Cere- 
brum than  is  the  Spinal  Cord  itself.  It  has  been  further  pointed-out  that  the 
Cerebrum  must  be  considered  in  the  ligbt  of  an  organ  sxtpcratldrd  for  a  particular 
purpose,  or  set  of  purposes,  and  not  as  one  which  is  es^pential  to  life;  that  it  has 
no  repre^ntative  among  the  Invertehrata  (except  in  a  few  of  the  highest  forms, 
which  evidently  present  a  transition  towards  the  Vertebrated  series  j  and  that,  at 
its  first  introduction  in  the  class  of  Fishes,  it  evidently  performs  a  subordinate 
part  in  the  general  actions  of  the  Nervous  System.  Hence,  whatever  be  the 
function,  or  set  of  functions,  we  assign  to  the  Cerebrum,  we  must  keep  in  view 
the  special  character  of  the  organ ;  and  must  never  lose  eight  of  the  fact,  that  ita 
predominance  in  Man  dives  not  deprive  other  parts  of  their  independent  powers, 
although  it  may  keep  the  exercise  of  those  powers  in  check,  and  may  consider- 
ably modify  their  manifestations. 

663.  Before  proceeding  to  inquire  into  the  Physiology  of  the  Cerebrum,  we 
may  advantageously  take  notice  of  some  of  the  leading  features  of  Jt«  structure. — 
In  the  first  place,  it  forms  an  exception  to  the  general  plan  on  which  the  ele* 
toent«  of  ganglionic  centres  are  arranged ;  in  having  its  vesicular  substance  on 
the  rxterkiry  instead  of  in  the  central  part  of  the  muss.  The  purpose  of  this  is 
probably  to  allow  the  vesicular  matter  to  be  disposed  in  such  a  manner,  as  to  pre- 
sent a  very  large  surface,  instead  of  being  aggrcgated-togclbcr  in  a  more  compact 
mass;  and  by  tht»  means  to  admit,  on  (he  one  side,  a  more  ready  access  of  the 
blood-vessels  which  are  so  essential  to  the  functional  operations  of  this  tissue,  as 
well  as  a  more  ready  comniunication,  on  the  other,  with  the  vast  number  of 
fibres  by  which  its  influence  is  to  be  propagated.  There  is  no  reason  whatever  to 
believe  that  the  relative  functiuns  of  the  vesicular  and  fibrous  substances  are  in 
the  least  altered  by  this  change  in  their  relative  position;  indeed,  the  results  of 
observation  upon  the  phenomena  of  disordered  Cerebral  action  are  such,  as  to 
ttflford  decided  confirmation  to  the  doctrine  now  generally  accepted,  that  the  action 
of  the  Vesicular  matter  constitutea  the  snurre  of  nervous  power,  whilst  the  Fi- 
brous structure  has  for  \\%  office  to  conduct  the  influence  thus  generated  to  the 
pointa  at  which  it  is  to  operate.  The  purpose  of  this  arrangement  is  further  evi- 
denced by  the  fact,  that,  in  all  the  higher  forms  of  Cerebral  structure^  we  find  a 
provision  for  a  still  greater  estcnsion  of  the  surface  at  which  the  vesicular  matter 
and  the  blood-vciisela  may  come  into  relation  ;  this  being  effected  by  the  plication 
of  the  layer  of  vesicular  matter  into  'convolutions,'  into  the  sulci  between  which, 
the  highly  vuBcular  membrane  known  as  the  '  pia  mater,'  dips-down,  sending 
multitudes  of  small  vessels  from  its  inner  surface  into  the  substance  it  invests. 

504.  The  Cor^Va/ Bubstance  or  'grey  matter*  of  the  Hemispheres  essentially 
consists  of  that  reticular  nerve-substance,  which,  in  the  Spinal  Cord,  aa  in  gan- 
glionic masses  generally,  is  found  to  occupy  the  interior.  Its  usual  thickness  is 
about  one-fifth  of  au  inch  ;  but  considerable  variations  present  tliemselves  in  this 
respect,  as  also  in  the  depth  of  the  convolutions.  Thus  the  plications  are  deepest, 
and  the  layer  of  'grey  matter'  the  thickest,  during  the  period  of  greatest  nerv- 
ous energy,  that  is,  in  middle  life;  in  infancy  and  in  old  age,  the  convolutions 
are  simpler  and  have  fewer  undulations,  and  the  thickness  of  their  cortical  sub- 
stance is  much  inferior;  and  the  same  is  true  of  the  adult  braip  of  some  of  the 
least  cultivated  races  of  mankind.  Three  layers  of  somewhat  different  hues  may 
be  distinguished  in  the  corticul  substance  ;  the  external,  lehite ;  the  middle,  pure 
^rry;  the  internal,  yrlJowish  rtd.  The  latter,  however,  may  generally  be  subdi- 
vided  into  four;  namely,  two  white  laminae,  alternating  with  two  yellowish-red 
laminae.     Throughout  its  entire  thickness,  however|  nerve-celU  and  nor\'e-fibre» 
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are  iaterinized ;  and  these  are  imbedded  in  a  granular  matrix-Bubetance. 
nerve-cells  are  for  the  most  purt  retnnrkable  for  the  nutnbtT  of  pale,  slender,  brauc 
ing  processes  wbicii  they  give-off;  and  it  may  be  strongly  suspected,  though  it  1 
not  been  uuequivoculiy  proved  by  cbsorvutioD,  that  these  are  coDtiauoas 
some  (at  least)  of  the  tibrt's  whit-li  are  found  in  close  relation  to  them.  Thi 
cells  are  most  abundant  in  tie  middle  or  pure-grey  layer,  and  oext  to  this  in 
internal  or  yellowish-red  layer;  on  the  other  hand,  in  the  external  wbite 
and  in  the  white  streaks  of  the  internal  layer,  the  fibres  spread-out  in  &  pi  _ 
that  is  nearly  parallel  to  the  surface.  The  further  the  fibres  penetrate  from  the 
medullary  stratum  into  tlie  cortical  substance,  the  finer  do  they  become ;  and  in 
the  external  white  lamiua,  in  which  they  form  numerous  superimposed  layen, 
and  cross  each  other  in  various  directions,  they  are  reduced  to  their  %'ery  smallest 
dimensions.  It  @eems  ccrta^ia  that  both  in  this  and  also  in  the  grey  layer,  tome 
of  the  fibres  return  by  loops }  although  it  has  not  been  yet  found  ponible  to 
determine  to  what  order  of  fibres  these  belong.'  • 

565.  In  .the  Midvilary  or  Jtbriju*  substance,  of  which  the  great  maas  of  the 
Cerebrum  is  composed,  three  principal  sets  of  fibres  may  be  distinguished.  Tbeae 
are, — -jimt,  the  radiating  fibres,  which  connect  the  vesicular  matter  of  the  cortical 
substance  of  the  HemiBpbercs  with  the  Thalarai  Optici,  and  which,  if  our  view 
of  the  function  of  the  latter  be  correct,  may  be  regarded  as  aMevdtng ; — tecond, 
the  radiating  fibres  which  connect  the  vesicular  matter  of  the  cortical  safasiaooe 

Fio.  149. 


}^. 


>oI/ 


d9 


^/( 


Dift^nm  of  the  niutu&l  relAtlone  of  the  principsl  Encephalio  etvVnt,  »s  ahoira  in  sTntic 
teoUon  : — a,  Cerebrum  ;  a,  Cerubelluai ;  c,  Sensori-inotor  tract,  iDcluding  the  Oiractire  s^a*! 
glioo  oi/t  the  Optic  opf,  ant]  the  Auditory  aud,  with  the  TbaUuii  Optici  thai,  and  the  Corpo 
Strinlft  ea;  d,  Meduilii.  OblungaCa;  e,  Spinal  Cord ;— a,  olfaclive  oerTe;  b,  optto ;  e,  aadUl 
tory;  d,  TpatamogAitrie ;  e,  bvpoglofiiai ;  /,  iipiaal :  fibres  of  the  medullary  subctaoM  of  tha 
Cerebrum  ure  abowo,  ooDDecUag  iti  ganglionic  aurfaco  with  the  Sengori-uiotor  tract. 

of  the  Heroisph^es  with  the  Corpora  Striata,  and  which,  on  similar  grounds, 
may  be  regarded  as  dexmufi'mj;  and  thirify  the  Cotumissurul  fibres,  which  estal" 
lish  the  coDDection  between  the  opposite  Hemispheres,  and  between  the  differei 

'  See  frof.   KolHker's  "  ^lanunl  of  tinman  Histology,"  (Syden.  Soc.),  Tol.  I.  pp.  Wft- 
443  ;  aod  hii»  "  Mikroskopiacbe  Aniitotaie,"  band  ii.  j  119, 
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]>art5  of  the  vesicular  i 
OD  the  surface  of  eac 
in  its  interior.  It  ia  on  the  very  largu  proportion  which  tine  Comtuissural  fibres 
bear  to  the  rest,  that  the  bulk  of  the  Cerebrum  of  Man  and  of  the  hiph«r  ani- 
mals seems  chiefly  to  depend  j  and  it  is  easy  to  conoeivo,  that  this  condition  hwa 
an  important  relation  with  the  operations  uf  the  Mind,  whatever  be  our  view  of 
the  relative  functions  of  differeEit  ports  of  the  Cerebrum,  It  appears  from  tho 
late  researches  of  M.  Buillarger,  that  the  snr/nce  and  the  hulk  of  the  cerebral 
hemispheres  are  so  far  from  hearing  any  constant  proportion  to  each  other,  in 
differetit  animals,  that,  notwithstanding  the  depth  of  the  convolutions  in  the 
Human  Cerebrum,  its  bulk  is  li^  times  as  great  in  proportion  to  its  surface,  as  it 
is  in  the  Rabbit,  the  surface  of  whoso  Cerebrum  is  smooth.  The  entire  surface 
of  the  ilunian  Cerebrum  ifi  cfnimated  by  him  at  about  670  square  inches.' 

500.  With  regard  to  the  liadiathif/  fibres,  which  connect  the  Corpora  Striata 
and  Thalami  Opiici  with  the  vesicular  surface  of  the  Cerebral  hemi.spberes,  not 
only  baa  no  positive  proof  yet  been  obtflined  of  their  direct  continuity  with  thoao 
which  enter  into  the  composition  of  the  nerves  proceeding  from  tbe  Spinal  Cord 
and  Medulla  Oblongata  ;  but  the  results  of  the  moat  recent  and  careful  exaniinatiun 
are  in  opposition  to  such  an  idea  {^  019").  And  we  have  seen  that  there  are  certain 
phenomena^  which  are  best  explained  by  considering  these  radiating  fibres  as  of 
a  commigsural  nature  only;  and  aa  serving  to  connect  the  vesicukr  matter  of  tho 
Cerebrum  with  that  of  the  higher  portion-i  of  the  CVonio-S/n'ftaf  Jxj>,  through 
which  alone  they  are  brought  into  relation  with  the  central  terrainatiuns  of  the 
afferent  nerves,  and  with  origins  of  the  motor  (§  544). — Thus  the  Anatomical 
relation  which  the  grey  matter  of  the  Cerebral  convolutions  bears  to  the  ceutriil 
Sensorium,  precisely  corresponds  with  that  which  is  borne  to  it  by  tho  Retina, 
which  essentially  consists,  like  it,  of  an  expansion  of  vesicular  substance  (§754)j 
whilst  the  radiating  fibres  of  tho  medullary  substance  answer  precisely  to  the 
Optic  Nerve.  And  it  is  a  most  important  confirmation  of  this  view,  that  euch  a 
relation  is  also  shown  to  exist  by  the  history  of  Development.  For  the  conical 
substance  of  the  Cerebrum  and  the  Retina  alike  originate  aa  offsets  from  the 
Sen.«ory  Ganglia ;  the  former  detaching  itself  from  the  Corpus  Striatum  on  either 
aide,  the  latter  from  the  Thalamus  Opticus  j  and  each  being  gradually  removed 
to  a  greater  and  greater  distance  from  its  original  centre,  by  the  elongation  of  tho 
intervening  commissural  tract.  It  seems  to  have  boeu  a  kind  of  recognition  of 
this  analogy,  which  long  aitice  led  the  sagacious  Reil  to  designate  the  Cerebral 
lobes  as  a  congeries  of  'nerves  of  the  internal  senses.'* 

667.  The  CommUaural  fibres  constitute  two  principal  groups,  the  trannverse, 
and  the  longitudinal ;  the  former  eunuccting  the  two  Herai?pherea  with  each 
other  J  the  latter  uniting  the  different  parts  of  the  same  Ilemifphere. — Of  the 
transverse  commissures,  the  Corpus  Colfosvm  ia  tho  most  important  (Fig.  150). 
This  consists  of  a  mass  of  fibres  very  closeJy  interlaced  tagetber;  which  may  be 
traced  into  the  Bubstimce  of  the  heraispberea  on  each  side,  partJculariy  at  their 
lower  part,  where  their  connections  are  the  closest  with  tbe  Thalami  Optici  and 
Corpora  Striata.     It  is  difficult,  if  not  impossible,  to  trace  its  fibres  any  further; 

*  Tho  inference  drawn  by  M.  Baillarger  from  the  facts  he  has  collected, — nnniDly,  that 
tbe  proportional  surface  of  TCsicuUr  mutter  in  different  animals,  whether  coiisiiiereii  a>)«o- 
lutdy.  or  relaliTely  to  the  volume  of  the  Cerebrum,  baa  no  oorrespoadence  with  their 
intellectual  capahilit/, — is  fur  loo  sweeping  an  assumption;  Bince,  aa  aboTe  aliovn,  tbe 
increase  in  the  commissnral  fibres,  cauaiiig  an  augmentation  of  the  hulk  of  the  Cerebrum, 
may  l>e  alike  the  cnuse  of  inorcaseJ  intelligence  ond  of  a  diminished  proportional  amount 
of  tesicuUr  mntter,  though  the  Intler  still  reomins  as  the  original  source  of  power- 

•  He  says  "  The  nerves  of  the  ejlemal  senses  and  Tolnntary  manclcs  escape  from  the 
oraniam  forwarda  and  baokwards,  tiad  r*mify  over  the  whole  of  the  body  so  as  to  connect 
it  with  the  organ  of  the  soul;  the  nervee  of  the  iiiternal  senses,  [moral  and  ioteneeiunl 
facalliesj,  on  the  other  bund,  have  no  object  beyond  the  cranium,  and  are  therefore  found 
rolJed-up  on  tbemseWes  and  forming  the  maasca  of  tbe  brain."  (Archiv.  fiir  Physiol.. 
180?     hand  Ti.,  8.  406.) 
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TbiB  figare  Is  intended  to  ibow  the  eoarte  and  eonnaotion  of  the  Obr«e  of  the  groit  tmt»- 
Teree  connnitKurD  of  th«  hemispheres  or  corptii  o&Uotum.  Tbe  difsectioa  has  only  b«eo  car- 
ried into  tbe  right  liemi»pb«Tc.  It  will  be  accn  that  thpse  fibres  o^ccod  to  the  coovolatiou 
aboire  the  meMnl  line,  p  p  p.  Fibres  of  the  corpus  caUotura  radiating  into  the  hemi»phari««l 
ganglton.  B.  Left  hemisplicricol  ganglion  UDdu^ectcd.  e.  Cerebellum.  Near  the  CCTntre  of 
tbe  drawing,  and  a  little  to  the  right  of  the  merial  line,  \i  the  repro«entattoti  of  a  broken  fai- 
ciculuB  of  fibret — the  part  torn  off  was  traced  moit  carefulljr  into  tbe  conroluted  rarfac«  of 
brain.— Ed.] 

but  there  can  be  little  dnnbt  that  tbey  radiate,  with  the  fibres  proceeding 
the  bodies  just  named,  to  different  ports  of  the  cortical  flubstance  of  the  Ilei 
epberes.  This  commissure  is  altogether  wanting  in  Fish,  Reptiles,  and  Bit 
and  it  is  partially  or  eouipletely  wanting  in  those  Mammals  whose  Cerebrum  1 
formed  upon  the  least  complex  plan, — the  Rodenta  and  Marsupials.  Althot 
the  AniTior  coraniissarc  particularly  unites  the  Corpora  Striata  of  the  two  sii 
many  of  ita  fibreji  pass  through  those  orpBDS*,  and  raditite  towards  the  convolutifl 
of  the  Hemispheres,  especially  those  of  the  middle  lobej  this  commissure  is 
ticularly  large  in  those  Mars-upials,  in  which  the  Corpus  Callosum  is  deficient- _ 
Of  the  lontjitmlinal  c 0 in tni enures,  some  lie  above,  and  others  below,  the  Corpw 
Callosum.  Upon  the  tranaverse  fibres  of  that  body,  there  is  a  lonpitudioal  traci 
on  each  side  of  the  median  tine,  which  serves  to  connect  the  convolutions  of  the 
anterior  and  posterior  Cerebral  lobea.  Above  this,  again,  is  the  Superior  long^ 
tinlinal  commissure  (Fig.  151),  which  is  formed  by  the  fibrous  matter  of 
greater  convolutiuns  nearest  the  median  plane  on  the  upper  surface  of  the  ~ 
brum,  and  which  connects  the  convnlutions  of  the  anterior  and  middle  lobes ' 
those  of  tbe  posterior,  lleneath  the  Corpu?  Callosum,  we  find  the  most  extena 
of  all  the  longitudinal  commissures,  the  Fornix  (Fig,  153).  This  is  connc 
in  front  wiit^  the  Thalami  Optici,  the  Corpora  Mamniilkria,  the  Tuber  Ciner 
&c. ;  and  behind,  it  spreads  its  fibres  over  the  Hippocampi  (major  and  niiaor), 
which  arc  nothing  else  than  peculiar  eonvolutlotis  that  project  into  the  posterior 
Bnd  descending  cnrnua  of  the  lateral  venfriolrs.  The  fourth  longitudinal  comiiii»- 
nure  13  the  Tmnia  semicircvhris,  which  forms  part  of  the  same  system  of  fibres 
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Tbi»  tipiTt  repmenU  longitadinal  Cbres  plneed  nbore  tbe  great  trantrene  comntuaare  eor* 
reaponding  witfa  those  wbicb  wo  have  just  observed  beluw  it — tkt  tuptrior  lomjliudlnnl  cammir 
»ttre.  The  relation!  being  more  simple  than  those  of  the  inferior  cummissure,  are  simply  de«ig> 
OAted  by  the  letters  B  L,  B  L.  They  nre  traced,  ucendinj;  fuTwnrda,  from  ihc  lucus  qaadralUB, 
which  is  aoterior  to  the  Gssura  Bylvli,  and  Chen,  earving  bai^kwjtrdi  and  winding  round  the 
front  of  the  great  transverse  commissure  (p),  receiving  fibres  Tram  all  the  ronvoIntiunB  at  tbo 
upper  aDd^iJes  of  the  hemispheres,  winding  round  the  poiteriur  extremity  of  the  same  con- 
misture,  und  terminating  after  crossing  the  fissura  Sylriij  where  it  commenced  in  the  locus 
quadralu«  at  the  base  of  the  brain.  B.  Spiual  cord.  J.  Pituitary  gland.  Just  above  which  it 
the  divided  optlo  oerre.  M.  Letter  placed  on  the  crus  cerebri,  and  behind  that  root  of  the  for- 
nix which  springs  from  the  interinr  of  the  thalamns.  p.  Great  transverse  commissure.  8.  OU- 
▼ary  gangliun.  o.  Olfactory  ganglion,  c,  l>.  Opiic  ganglia,  c,  a.  Corpus  mammitlare,  formed 
by  the  twist  of  the  fornix,  c,  m.  CommMiura  mollis  in  the  third  ventricle,  t.  Optic  Ibniamna. 
0.  Peduncle  of  the  pineal  gland:  if  this  line  is  traced  backwards,  it  will  be  fotind  rnnoected 
with  a  dark  ronnded  body,  the  pineal  gland,  which  Is  lying  on  the  anti^rior  optic  tubercle^ 
nates  ;  if  this  line  is  traced  forwards,  it  will  be  seen  Joining  the  nnterior  pillar  of  the  fornix, 
which  has  been  turned  down  to  show  this  connection.  The  dlrided  end  of  the  fornix  is  tarned 
towards  us.  p,e,  Posterior  commissure,  fi.  Taenia  seinieircularis  joining  the  fornix  at  the 
aame  poinL  This  letter  is  placed  in  the  anterior  oornu  of  the  lateral  ventricle  on  the  cor^ins 
•triatam.  This  junction  is  very  distinct  in  both  the  recent  and  hardened  brain,  though  the 
eonnecting  fibres  are  too  delicate  to  be  done  justice  to  in  a  woodcut.  4.  Fourth  ventricle,  r.  Iter 
a  tertio  ad  quartum  Teotricalam.     c.  PoBterior  commissure. — Ed.] 

with  the  fornix  ;  conneetinp:  the  coit>u5  mBrarailliire  and  thalamus  opticus  of  each 
side  with  the  middle  lobe  of  the  cerebnil  hemtsphere.  If,  qs  Dr.  Todd  haa 
remarked,'  we  could  take  away  the  corpus  enllosum,  the  grey  matter  of  the  inter- 
nal convolution,  and  the  ventricular  prominence  of  the  nptio  thalami,  then  all 
these  oomroissures  would  fall-toircther,  and  would  bccotne  united  in  the  same 
series  of  longitudinal  fibre.Q. — Experiment  does  not  throw  any  light  upon  the 
particular  functions  of  the  Corpus  Callosucn  and  f>ther  Commissures;  since  thcj 
CHD  scarcely  be  divided  without  severe  general  injury.  It  would  nppeart  how- 
fver,  that  the  partial  or  entire  absence  of  these  parts,  reducing  the  Cerebrum  (in 

*  "  Aoatomy  of  the  Brain,  Spioal  Cord,"  &c.,  p.  234. 
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Tbii  flgure  bna  been  So  trod  need  with  the  riew  of  ufriatin;  the  itodeot  in  biBstadrorthsrtl 
Hods  of  the  inferiar  longitadlnol  oocomuBUre  or/bmi'or,  which  is nj  he  described  ma  commennni 
in  the  ccniTC  of  the  thalatDUi  nerri  opiici  Cl).  proceeding  from  thence  to  the  Imus  of  the 
where  it  »uddenLy  bends  upwards  and  forwards,  forminjg  b;^  this  tarn  the  knuckle  (b),  which 
cftlled  corpus  albicaDs  or  mammilliire.  This  bodj  recelrci  a  few  flhret  (a),  from  the  locos  ni 
(0)  in  tha  rms  cerebri  {5),  ruoDing  forward  frnm  thence  tunnrds  the  aolerior  commiMore,  re> 
cciving  fibres  from  the  cooralutions  at  the  base  of  the  brain,  crossing  and  as  it  were  koeeU 
ing  upon  the  anterior  coainaieiure  (a),  and,  ascending  towards  the  great  transrerse  eotnnits«nr«, 
forms  the  anterior  pillar  of  the  fornix  (c),  receiving  fibres  in  its  course  from  the  under  and  frvnl 
part  of  the  anterior  lobes,  and  thus  forming  the  septum  lucidam  (ii) ;  running  ba«k  from  tfaettce. 
paesing  in  its  coarse  backwards  orer  the  tbolumas  nerri  optici  (l),  it  spreads  laterallj,  confti- 
tating  that  portion  which  is  <;aUed  the  body  of  the  fornix  (e):  descending  again  at  the  h%n 
part  of  the  brain,  it  forms  the  descending  cr  pogterinr  pillar  of  the  fornix  f«««a  hippotttmvl 
(r),  some  of  its  fibres  running  bock  to  be  connected  with  the  posterior  lobes  (i)  ;  others  crosa- 
ing  the  projection  called  hippocampus  major  (g),  to  be  connected  with  the  oiid^  lobe,  nd 
Others  again  passing  oy«r  the  pes  hippocampi  (d)  to  be  conoectcd  with  the  anterior  portion  e{ 
the  middle  lobe.  Thas  does  this  comaitFsnro  connect  diff'ercnt  portions  of  the  convoluted 
face  of  the  braiti  together,  which  are  inferior  to  the  great  trans^-erse  commissure,  and  oo 
tame  side  of  the  mesial  line.  a.  Fibres  of  the  inferior  lonnrituditial  commissure,  or  forals, 
the  locus  niger.  b.  Corpns  mam  mil  lire.  o.  Anterior  pillars  of  inferior  longitodinal  comi 
Bure,  or  fornix,  d.  Septum  lucidam.  e.  Body  of  the  fornix,  or  centre  of  the  eommismrak 
r.  Tsenia  hippocampi,  or  descending  fibres  of  the  inferior  longitudinal  commissore.  e.  Fibrst 
covering  the  bippocampns  tnsjor.  b.  Fibres  covering  the  pes  hippoeampi.  i.  Fibres  coverin; 
the  bippocanipus  minor,  e.  Great  transverse  commissure  divided  in  the  mesial  line.  i.  Pa»> 
teriar  cerebral  ganglion,  or  thalamus,  l.  Anterior  commissure.  6.  Section  of  the  eras  c«r^ 
bri.  ft.  LoouB  niger.  7.  Aaterior  cerebral  ganglion,  or  oorpus  slriatuin  partiallj  aorBpai 
away. — Ed.] 

this  respect  at  least)  to  the  level  of  that  of  the  Marsupial  Quadruped  or  of  tha 
Bird,  is  by  do  means  an  unfrequent  cause  of  deficient  intellectual  pmrcr. 

'  Tl>e  following  case  of  deficient  commissures,  recorded  by  Mr.  Paget  ("  Medico-Cfair 
Transnctions,"  vol.  xiiv.),  is  of  much  interest.  The  middle  portion  of  the  Fornix,  _ 
the  whole  of  the  Septum  LncJdum,  were  absent;  and  in  place  of  the  forpua Callo?nm~ 
there  wns  only  a  thin  fosciculnted  layer  of  flbrouM  tnntter,  1-4  inch  in  length,  of  which, 
however,  the  fibres  extended  to  all  the  parts  of  the  brain  into  which  the  fibrea  of 
henltby  corpus  cnlloHum  can  he  traced.  The  Middle  connni.«sure  was  very  large  ;  and  i 
lateral  pftrt  of  the  Fornix,  with  the  rest  of  the  Brain,  was  quite  healthy.  The  patient! 
It  serrnnt-girl,  who  died  of  pericarditis.  She  had  displayed  nothing  very  remarkable  in 
her  mental  condition,  during  her  life,  beyond  a  peculiar  trant  of  forfthou^ftt  and  poierr  of 
fudging  of  the  probaMe  tvfnf  of  thing*.  Her  memory  wa.s  pood  ;  and  ahe  possessed  aa  maeh 
ordinary  knnwtedgo  as  is  commonly  acquired  by  persons  in  her  rank  of  life.  Sbe  wasof 
good  moral  character,  trustworthy,  and  fully  competent  to  all  the  duties  of  her  atatlg 
though  tomewhnl  heeiUpPs;  her  tempftr  was  good,  and  dicposition  cheerfHi.— The  m«i 
deficiettciea  in  niost  of  the  few  other  cases  of  which  the  details  hare  been  recorded,  sweaj 
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entire  Encepbalon  in  tbe  adult  Male  usiually  ranges 
between  40  and  00  oa.,  the  average  being  about  50  oz. ;  and  in  the  Female  from 
86  to  50  pz.,  the  average  being  about  45  oz.  The  maximum  of  the  healthj 
brain  seems  to  be  about  64  ox.,  and  tbe  miuimutn  about  31  oz.  But  in  crises  of 
Idiocy,  the  amount  is  sometimes  much  below  this;  as  low  a  weight  as  20  ounces 
having  been  recorded. — It  appears,  from  (be  recent  investi^tions  of  M,  Boar- 
gery,  that  the  relative  sizes  of  the  different  cnrnponent  elements  of  tbe  Human 
Eneephftlon  are  somewhat  as  follows.  Dividing  tbe  whole  into  204  parts,  the 
weight  of  the  Cerebrum  will  be  represented  by  about  170  of  those  parts,  that  of 
the  Cerebrum  by  21,  and  that  of  the  Medulla  Oblongata  with  tbe  Optio  Thalumi 
and  Corpora  Striata  at  IH.  The  weight  of  the  Spinal  Cord  would  be,  on  tbe 
same  scale  7  parts.  Hence  the  Cercbnil  Heniinpheres  of  Man  include  an  araonnt 
of  nervous  matter,  which  i^fimr  times  that  of  all  (he  rest  of  (he  Cranio-Spinal  mas?, 
more  than  eight  limes  that  of  the  Cerebellum,  (hir/em  times  that  of  the  Medulla 
Oblongata,  &o.,  and  iwfnft//our  limes  that  of  tbe  Spinal  Cord, — The  average 
weight  of  the  whole  Eacephalon,  in  proportion  to  that  of  the  body,  in  Man, 
taking  the  average  of  a  great  number  of  objservations,  is  about  1  to  36.  This  is 
a  much  larger  proportion  than  rbat  which  obtains  in  most  other  animals;  thug 
the  average  of  Mammalia  is  stated  by  M.  Leuret  to  be  1  to  186,  that  of  Birds  1  to 
212,  that  of  Keptilea  1  to  1321,  and  that  of  Fishes  1  to  5668.  It  is  interesting 
to  remark,  in  reference  to  these  estimates,  that  the  Encephalic  prolongation  of 
the  Medulla  Oblongata  in  Man  (being  about  one-eixteentb  of  tbe  weight  of  the 
whole  Encepbalon)  is  alt>ne  more  than  twice  as  heavy  in  proportion  to  bis  body, 
as  the  entire  Encepbalnn  of  Reptik'S,  and  ten  times  as  heavy  as  that  of  Fish. — 
But  there  are  some  flnimals  in  which  tbe  weight  of  the  Encephnlon  bears  a  higher 

Proportion  to  that  of  the  body  than  it  does  in  Man ;  thus  in  the  Blue-hcided 
'it,  the  proportion  is  as  1  to  12,  in  the  Goldtinch  as  1  to  24,  and  in  the  Field- 
Mouse  OB  1  to  31.  it  does  not  hence  follow,  however,  that  the  CWehntm  is 
larger  iu  proportion ;  in  fact,  it  is  probably  not  nearly  so  large  ;  for  in  Birds  and 
Kodeiit  Mautoiale,  the  Sensory  Gangiia  form  a  very  considerable  proportion  of 
the  Encepbalon.  The  importance  of  distinguishing  between  the  several  parts 
of  this  mass,  which  are  inarkt'd-out  as  distitict,  alike  by  their  structure  and  con- 
uection^,  and  by  the  history  of  their  development,  has  not  been  by  any  mcaDS 
sufficiently  attended  to. 

569.  The  Encepbalon  altogether  receives  a  supply  of  Blood,  tbe  amount  of 
which  is  very  remarkable,  when  itj3  cmtiparative  bulk  is  considered  ;  tbe  propor- 
tion which  goes  to  it  being,  according  to  the  estimate  of  nailer,  as  much  as  one- 
fifth  of  tbe  whole  moss.  The  manner  in  which  this  blood  is  conveyed  to  the 
brain,  and  the  condifions  of  its  distribution,  offer  some  peculiarities  wofthy  of 
notice.  The  two  Vertebral  and  two  Carotid  arteries,  by  which  the  blood  enters 
tbe  cavity  of  the  cranium,  have  a  more  free  communication  by  anastomosis,  than 
any  similar  set  of  arteries  elsewhere;  and  this  is  obviously  destined  to  prevent 
an  obstruction  in  one  trunk  from  interrupting  the  supply  of  blood  to  the  parts 
through  which  ita  branches  are  chiefly  distributed, — the  cessation  of  the  circula- 

have  b«en  of  the  aarae  order;  and  this  i?  exactly  what  might  have  been  Anticipated  ;  aince 
the  depriT&tioD  of  these  parts  takes  awaj  tbat,  which  is  most  characteristic  of  tbe  Cere- 
brum of  Man  and  of  the  bi|;her  Manimatta;  their  intellectual  operations  being  pecnlinrlj 
dialingTiiahed  bj  that  appiicaiion  uf  yast  ezperimet  to  the  prtdiction  of  the  future,  which  ood- 
Btitntes  one  of  tbe  highest  etforts  of  iateiUgeDce. — Auulher  case  has  been  since  put  on 
record  by  Mr.  Mitchell  Ilenrj  {Op.  cit,  toI.  xxxi.),  in  which  the  anterior  portion  of  tbe 
Corpos  CaUoflam  wns  deficient,  tof^ettier  with  the  middle  nad  anterior  portion  of  the  For- 
nix, and  tbe  whole  of  the  Septum  Lucidum.  Tfaf^re  was  in  this  CHse  also,  a  marked  iutel- 
lectoftl  deficieocy,  but  apparently  of  a  different  character  from  that  which  showed  itself  in 
the  preceding  case;  for  insteiid  uf  vivacity  and  hahiuial  rapidity  of  action,  there  was  here 
a  disproportionate  degree  of  blowiiess  in  action,  amounting  almost  Co  stupidity.  The  dif- 
ference in  the  two  ca.-e!*,  however,  is  perhaps  to  be  set-dowu  ritthcr  to  the  account  of  gene- 
TtH  leniperament;  since  in  both  of  them  there  seems  to  have  been  a  deficiency  in  t)ie 
power  uf  oarryiug-«n  a  conitQUouB  train  of  thought. 
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tion  throagh  the  nervoua  matter  being  immediately  productive  of  mspenaoo  of  it» 
functioual  activity  (Princ.  of  Gen.  Phys.,  Am.  Ed.). — Not  only  roust  there  be 
a  sufficient  supply  of  blood,  but  it  must  make  a  regulated  pressure  on  the  walli  of 
the  vesselfl.     Ni>w  the  Encephalon  is  differently  circuoistaoced  from  other  Tucdir 
organs,  in  being  enclosed  within  an  unyielding  bony  case  (§  281) ;  and  ire  find 
a  special  provision  for  equalizing  the  bulk  of  the  contents  of  this  cavity,  acd  for 
counterbalacinp  the  results  of  differences  in  the  functional  activity  of  the  brain 
and  in  its  supply  of  blood,  in  the  existence  of  a  fluid  which  is  foand  beneath  tie 
arachnoid,  both  on  the  surface  of  the  brain  and  spinal  cord,  and  in  the  Tentriclts 
of  the  former.     The  amount  of  this  *  cerebro-spioal  fluid '  »eems  to  average  about 
two  ounces;  but  in  cases  of  atrophy  of  the  bruin,  as  much  as  twelve  ounces  of 
fluid  may  sometimes  be  obtained  from  the  cranio-spinal  cavity ;   whilst  in  all  io- 
stances  in  which  the  bulk  of  the  brain  has  undergone  an  increase,  whether  from 
the  production  of  additional  nervous  tissue,  or  from  undue  turgescence  of  the 
Tesaels,  there  is  either  a  diminution  or  a  total  absence  of  this  fluid.     It  appears 
from  the  experiments  of  Mogendie  (to  whom  our  knowledge  of  its  importance  i« 
chiefly  due),  that  its  withdrawal  in  living  animals  causes  great  disturbaoce  of  the 
cerebral  functions,  probably  by  allowing  undue  distension  of  the  blood-vessels ;  it 
is,  however,  capable  of  being  very  rapidly  regenerated ;  and   it«  reproductiou 
restores  the  nervous  centres  to  their  natural  state. — As  the  ' oerebro-spinal  fluid' 
can  readily  And  its  way  from  the  sub-arachnoid  spaces  of  the  cranial  cavity  bto 
thos^e  of  the  gpinal^  and  as  it  is  no  less  readily  absorbed  than  reproduced ,  it  evi- 
dently  serves  us  ati  equalizer  uf  the  amount  of  pressure  within  the  crania]  cavitj; 
admitting  the  distension  or  contraction  of  the  vessels  to  take  place,  witbin  certaia 
litnits,  without  any  coDsidenible  change  in  the  degree  of  coropre.ssion  to  whicb 
the  nervous  matter  is  subjeeted.     That  this  uniformity  is  of  the  greatest  impor- 
tance to  the  functional  exercise  of  the  brain,  is  evident  from  a  few  well-known 
facte.     If  an  aperture  be  made  in  the  ekull,  and  the  protruding  portion  of  the 
bniin  be  subjected  to  pressure,  the  immediate  suspension  of  the  activity  of  tht 
vholc  organ  is  the  result;  in  this  manner,  a  state  resembling  profound  sleep  cu 
be  induced  in  a  moment,  the  normal  activity  being  renewed  as  momentarily, » 
Boon  as  the  pressure  is  withdrawn.     This  phenomenon  has  often  been  observed 
in  the  Humjin  subject,  in  cases  in  which  a  portion  of  the  cranial  envelope  bu 
been  lost  by  disease  or  injury.     The  various  symptoms  of  Cerebral  disturbuct 
wSiich  are  due  to  a  state  of  general  Plethora,  are  evidently  owing  to  an  exr-mof 
pressure  within  the  vessels ;  but  an  undue  diminution  of  pressure  is  no  leas  injo- 
rious,  08  appears  from  the  diHturbance  in  the  Cerebral  functions  which  resnlti 
from  the  very  opposite  cause,  namely  a  depression  of  the  power  of  the  heart,  or» 
deficiency  of  blood  in  the  vessels. — It  is  of  peculiar  importance  to  bear  in  mind 
the  disturbance  of  the  Cerebral  functions  occasioned  by  variations  of  intemil 
pressure,  when  we  are  endeavouring  to  draw  inferences  from  the  pheoonienA  pre- 
Ben  ted  by  disease. 

570.  We  shall  now  proceed  with  our  Pbyaiological  inquiry  into  the  functtons 
of  the  Cerebrum;  and  shall  appeal,  as  before,  to  Uuman  ond  Comparative  At*- 
tomy,  to  Experiment,  and  to  Pathology,  for  our  chief  data. — The  anatomical  reli- 
tiona  of  the  Cerebrum  to  the  other  Encephalic  centres,  clearly  demonstrate  tbrt 
it  is  not  one  of  the  essential  or  fundamental  portions  of  the  Nervous  system  ;  bol 
a  superadded  organ,  receiving  all  its  impulses  to  action  from  the  parts  below,  nod 
operating  upon  the  body  at  large  through  them.  And  its  great  bulk,  joined  U) 
■its  position  at  the  summit  of  the  whole  apparatus, — the  vesicular  substance  of  in 
convolutions  affording  a  termination  to  ihc  fibres  in  connection  with  it,  and  DOt 
being  for  the  moat  part  only  traversed  by  them,  as  is  the  case  with  that  of  all  th< 
lower  centres, — clearly  mark  it  out  as  the  highest  in  its  functional  relations,  tad 
aa  ministering,  so  far  as  any  material  instrument  may  do,  to  the  exercise  of  those 
I«ycbical  powers,  which,  in  Man,  exhibit  so  remarkable  a  predominance  over  tb» 
•pere  animal  instincta.     This  conclusion  is  fully  borne-out,  when  we  extend  our 
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inquiries  from  Human  to  Conipnrative  Anatomy;  for  with  some  apparent  excep- 
tions, which  there  would  probablj  be  do  great  difficulty  in  esptaiolDg  if  we  were 
ID  possession  of  all  the  requisite  data,  there  is  a  very  close  correppondencc  be- 
tween the  reklive  devcl«tptueui  of  the  Cerebrum  in  the  several  tribes  of  Verte- 
brata,'  and  the  degree  oi  JnttUigence  they  respectively  possess, — u?in}:  the  latter 
term  OS  a  coiuprehensive  exprension  of  that  series  of  mental  actions,  which  con- 
sists in  the  intentional  adaptation  of  mciins  to  ends,  based  on  definite  tV/cas  as  to 
the  nature  of  both.  It  is  not  always  easy  to  say,  in  the  case  of  the  lower  ani- 
mals, what  parts  of  their  actions  are  to  be  attributed  to  automatic  impulses  (i.e. 
to  be  considered  as  Instinctive),  and  what  should  be  regarded  as  the  rosulta  of 
Intelligence.  The  churactor  of  Intelligent  actions,  however,  as  compared  with 
Instinctive  (§459),  is  usually  shown  (1)  in  the  variety  of  moans  whiob  are 
adopted  to  compass  the  same  cuds,  and  this  not  merely  by  different  individuals 
and  by  successive  generations,  but  by  the  Kame  individual  at  different  times;  (2) 
by  the  iajproveraent  in  tbe  mode  of  accomplishing  the  object,  which  results  from 
the  intelligent  use  of  experience,  and  from  the  greater  command  of  means  which 
is  progressively  attained;  and  (3)  by  the  conformity  of  the  means  to  altered  cir- 
cumstances, 80  that  tbe  character  of  adaptivenesa  is  still  miintainedf  however 
widely  the  new  conditions  may  depart  from  those  which  must  be  cunsidcrcd  as 
natural  to  the  species. 

571.  The  difference  between  actions  which  proceed  from  the  Intellectual 
faculties  prompted  by  the  instinctive  propensities,  and  those  of  a  purely  Instinc- 
tive character,  ia  well  seen  in  comparing  Birds  with  Insects.  The  Instinctive 
tendencies  of  the  two  cla.«&e8  are  of  nearly  tbe  same  kind;  and  the  usual  arts 
which  both  exhibit  in  the  construction  of  their  habitations,  in  procuring  their 
food,  and  in  escaping  from  danger,  must  be  regarded  ua  intuitive,  on  account  of 
tbe  uniformity  with  which  they  are  practised  by  different  individuals  of  the  same 
Bi>ecie9,  and  the  perfectioii  with  which  they  are  exercised  on  the  very  first  occasion. 
But  in  the  adaptation  of  their  operations  to  peculiar  circuitistances,  Birds  display  a 
variety  and  fertility  of  resource,  far  surpassing  that  which  is  manifested  by 
Insects;  and  it  can  scarcely  be  doubted  by  those  who  attentively  observe  their 
habits,  that  in  such  adaptations  they  arc  often  guided  by  real  Intelligence.  This 
must  be  the  case,  fur  example,  when  they  mnlie  trial  of  several  means,  and  select 
that  one  which  best  answers  the  purpose  ;  or  when  they  make  an  obvious  improve- 
ment from  year  to  year  in  the  comforts  of  their  dwelling;  or  when  they  are 
influenced  in  the  choice  of  a  situation,  by  peculiar  circumstances,  which  in  a 
fttate  of  nature  can  scarcely  be  supp-osed  to  affect  them.  The  complete  domesti- 
cability  of  many  Birds  ia  in  itatlf  u  proof  of  their  pt>ssessing  a  certain  degree  of 
intelligence;  but  this  alone  does  not  indicate  tbe  possession  of  more  than  a  very 
low  amount  of  it;  since  many  of  the  most  domesticable  animuts  are  of  the 
humblest  intellectual  capacity,  and  seem  to  become  attached  to  Mon,  principally 
as  the  source  on  which  thty  depend  fur  the  supply  of  their  aniiiial  wants.  But 
there  are  certain  tribes  of  Birds,  especially  the  Parrots  and  their  allies,  which 
possess  an  extraordinary  degree  of  eitu^ability,  and  which  mfinireBt  a  power  of 
performing  simple  acts  of  reasoning,  that  are  quite  comparable  with  those  of  a 
child  when  first  learning  to  tnlk. 

572.  Tliis  develnpiuent  uf  the  Intelligence  under  the  influence  of  Man,  %nd 
in  accordance  with  his  habits,  rather  than  with  the  original  babits  of  their  species, 
is  yet  more  reuiarkable  in  the  cose  of  those  Mnmiiiinls  whose  instincts  lead  them 
to  attach  themselves  peeuliurly  to  him,  and  whoso  powers  of  reasoning  are  called- 
forth  in  adapting  theni.sflve.^  to  the  new  cirrumetances  in  which  they  are  thus 
placed.  The  actions  of  u  Dog,  a  Horse,  or  an  Elephant  are  evidently  the  result, 
in  many  instances,  of  a  complex  train  of  reasouing,  differing  in  no  essential  re- 
spect from  that  which  Mun  would  perform  in  similar  circumstances;  so  that  \\m 
epithet  '  half-reasoning,'  commonly  applied  to  these  animals,  does  not  express  ibc 

'  See  "Princ  of  Comp.  Pbys.,"  Am.  Ed.,  \l  662,  tt  teq. 
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whole  trath ;  for  thoir  mental  processes  are  of  the  same  kind  with  those  Off 
Mftn,  and  differ  more  in  the  dc{fTrc  of  comprehensiveness  of  their  data  tnd  con- 
clusiveness of  their  inferences,  than  they  do  in  their  essential  character.  "We 
have  no  evidence,  however,  that  any  of  the  lower  animalH  have  a  volantarj 
power  of  directing  their  mental  operations,  at  all  similar  to  that  which  Mat 
possesses;  these  operations,  indeed,  seem  to  be  of  very  much  the  same  chftracu-r 
as  those  which  we  perfomj  in  connected  dreams,  different  trains  of  thoasht  cotn- 
meocinp;  as  tlicy  are  suggested,  and  proceeding  according  to  the  usual  laws  until 
some  other  disturbs  ihem. — Althoufrh  it  is  customary  to  regard  the  Tk>^  and  the 
Elephant  as  the  most  intelligent  amon^  flu:  lower  animals,  it  is  not  certain  that 
we  do  80  with  justice  j  for  it  is  very  possible  that  we  are  misled  by  that  pecaliar 
attacbroent  to  Man,  which  in  them  must  be  termed  an  instinct,  and  which  entfn 
as  a  motive  into  a  tarj^e  proportion  of  their  actions;  and  that,  if  we  were  more 
acquainted  with  the  psychical  characters  of  the  higher  Quadrumana,  we  shoald 
find  in  thrm  a  greater  degree  of  mental  capability  than  we  now  atlribnle  to  them. 
One  thing  is  certain,  that  the  higher  the  degree  of  Intelligence  which  we  find 
characteristic  of  a  particular  race,  the  greater  is  the  degree  of  variation  which  we 
roeetwith  in  the  characters  of  individuals;  thus  everj-body  knows  that  there  ire 
stupid  llogB  and  clever  Dogs,  ill-tempered  Dogs  and  good-tempered  DogB, — u 
there  arc  stupid  Men  and  clever  Men,  ill-tempered  Men  and  good-tempered  Men. 
But  no  one  could  distinguish  between  a  stupid  Bee  and  a  clever  Bee,  or  betweea 
a  good-tempered  Wasp  and  an  ill-tcropcred  Wasp,  simply  because  all  Oieir  actions 
are  prompted  by  an  unvarying  Instinct. 

578.  In  estimating  the  relative  development  of  the  Cerebmm  in  different 
tribes  of  Animals,  and  in  comparing  this  with  their  relative  Intelligence,  it  most 
be  borne  in  mind  that  the  tize  of  the  organ  does  not,  considered  alone^  afford  i 
means  of  accurate  judgment  as  to  its  pcncer.  For  tbe  quantity  of  Tcsicohf 
matter  which  it  contains,  affords  the  only  fair  criterion  of  the  latter  j  and  of 
this  we  must  judge,  not  merely  by  the  superficial  area,  but  by  the  number  tad 
depth  of  the  convolutions,  and  by  the  thickness  of  the  cortical  layer.  Again, 
there  are  many  reasons  why  it  is  not  fair  to  estimate  the  relative  derelopmem 
of  the  Cerebrum  by  the  proportion  which  it  bears  to  the  whole  bnlk  <>f  'he 
animal;  and,  on  the  whole,  the  moat  accurate  basis  of  comparison  would  prf>b»blj 
be  afforded  by  the  relation  between  the  bulk  of  the  Cerebrum  and  the  diameter  of 
the  Spinal  Cord.  In  making  any  such  comparisnn,  however,  the  Tbalami  Optifi, 
Corpora  Striata,  and  Corpora  Quadrigemina  should  be  excluded  from  the  estimate, 
for  reasons  now  sufficiently  apparent;  and  the  bulk  of  the  Cerebrum  prxfer 
should  be  alone  determined,  either  by  weight,  or  by  the  displacement  of  liquid. 
But  the  Cerebrum  varies  in  different  classes  nod  orders  of  Vertebrata,  not  merely 
in  proportional  size,  but  also  in  the  relative  development  of  it«  anterior,  midd!«, 
and  pa'tcrior  lobes.  This  is  a  point  of  very  great  imporlance,  in  deterntiniDg 
the  value  to  be  a.<»jgned  to  the  organoiogicnl  system  of  Gull  and  Spurxheirn  and 
their  followers.  Tlve  Cerebrum  of  the  Oviparous  Vertebrat.a  is  naf  a  ministnre 
Tepresentative  of  that  of  Man,  as  a  whole,  but  only  of  his  anterinr  lobes;  a«  is 
aufficiently  obvious  from  an  examination  of  its  connections  with  other  parts,  and 
frntn  the  absence  of  any  other  eommiKsiirul  cniineeiioris  between  its  two  bcmi- 
spheres,  than  those  which  are  afforded  by  the  f^ensory  Ganglia.  It  is  in  ttx; 
Implacental  Mamnudsj  that  we  find  the  first  rudinienl  of  the  mitiJlc  lobes  of  the 
Cerebrum,  and  of  the  proper  inter-cerebml  commissure,  the  Corpus  rallwam; 
and  even  in  the  Rodents  this  is  but  very  imperfeilly  developed.  As  we  awrod 
the  Mammalian  series,  we  find  the  Cerebrum  becoming  more  and  more  elongated 
posteriorly,  by  the  development  of  *hc  middle  lobes,  and  the  inter-cen-bnd  c^'flj* 
missure  becoiue.s  more  complete  ;  but  we  nm.»t  a.^scf-nd  as  high  as  the  CaroiroTB, 
before  we  find  the  least  vestige  of  the  postrTt'or  lobes;  and  the  rudiment  which 
these  possess,  and  which  is  enlarged  in  the  Qaodrumann,  only  attAins  its  fuil 
development  in  Man^  in  whom  alone  the  posterior  lobee  extend  so  far  backwani* 
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as  completelj  to  cover-in  the  Cerebellum.* — The  attention  which  has  yet  bcea 
given  to  this  department  of  iuquirj,  has  not  hitherto  done  more  than  cotiBmi 
the  statement  already  made,  with  regard  to  the  general  correspondence  between 
the  developmeut  of  the  Cerebrum  and  the  munifestjuiiotis  of  IntelUgtoce ;  very 
decided  evidence  of  which  is  furnidhtd  by  the  great  enlargement  of  the  Cere- 
brum, and  the  correspondiag  alteration  in  the  form  of  the  Cranium,  which 
pTLSfQt  themselves  in  those  nices  of  Dogs  most  diHtinguished  for  their  educahility, 
when  compared  with  those  whose  condition  approximates  most  closely  to  what 
waa  probably  their  original  state  of  wildncss. 

574.  This  general  inference  drawn  from  Cooaparative  Anatomy,  is  borne-out 
by  obeervation  of  the  Human  species  When  the  Cerebrum  is  fully  dcvaloped, 
it  offers  inuumcrablo  diversitica  of  iWrm  and  eize  among  various  iiidividuuls; 
and  there  are  as  many  divejailies  of  character.  It  may  be  doubtod  if  two  indi- 
viduals were  ever  exactly  alike  in  this  respect.  That  a  Cerebrum  which  is 
greatly  under  the  average  size,  ia  incapable  of  performing  its  proper  functions, 
aud  that  the  poaaessor  of  it  must  ncceij^arily  be  more  or  leds  idiotic,  there  can  be 
DO  reasonable  doubt.  On  the  other  hand,  that  a  large  well-developed  Cerebrum 
is  found  to  exist  in  persona,  who  have  made  themselves  con»picuoaa  in  the  world 
in  virtue  of  their  intellectual  achievements,  may  be  stated  as  a  proposition  of 
equal  generality.  In  these  opposite  cases,  we  witness  moat  distinctly  the  antago- 
nism between  the  Instinctive  and  Voluntary  powers.  Those  unfortunate  beings 
in  whom  the  Cerebrum  \&  hut  little  developed,  are  guided  almost  solely  by  their 
instinctive  tendencies,  which  frequently  manifest  themselves  with  a  degree  of 
strength  that  would  not  have  been  fiupposed  to  exist  j  and  occasionally  new  in- 
stincts present  themselves,  of  which  the  Human  bt-ing  is  ordinarily  regarded  as 
destitute.'  Un  the  other  hand,  those  who  have  obtained  most  iufiuencc  over  the 
%wi*irUandin(ji  of  others,  have  always  been  large-brained  persons,  of  strong  in- 
tellectual and  volitiouul  powers,  whose  emotional  tendencies  have  been  subor- 
dinated to  the  rcabon  and  will,  and  who  have  devoted  their  whole  energy  to  the  par- 
ticular objects  of  their  pursuit.  —  It  is  very  different,  however,  with  those  who 
are  actuated  by  what  ia  ordinarily  tc'rmed  yttiius;  and  wliose  influence  is  rather 
upon  iha /aeUn</s  and  ijituilionSf  than  upon  the  understandings,  of  others.  iSuch 
persons  are  otlcn  very  dehcient  in  the  power  of  even  comprehending  the  ordinary 
affairs  of  life;  and  still  more  commonly,  they  chow  an  extreme  want  of  judgment 
iu  the  management  of  them,  being  under  the  immediate  influence  of  their  passions 
and  emotions,  which  they  do  not  sufficientl3'  endeavour  to  control  by  their  intel- 
ligent will.  The  life  of  a  'genius,'  whether  his  bent  be  towards  poeiry,  music, 
painting,  or  pursuits  of  a  more  material  character,  is  seldom  one  which  can  be 
held-up  for  imitation.  In  such  persons,  the  genfnil  power  of  the  mind  being 
low,  the  Cerebrum  is  not  usually  found  of  any  great  size. — The  mere  comparative 
eixe  of  the  Cerebrum,  however,  affords  no  accurate  measure  of  the  amount  of 
mental  power;  fur  we  not  unfrequently  meet  with  men  possessing  large  and  well- 

■  It  h»s  been  asserted  by  the  fullowera  of  Gall,  thut  the  development  of  the  Cerebrum 
from  bebiod  forwards,  as  above  describt^d,  is  rather  apparent  than  real ;  the  whole  or^an 
beiag  in  faot  pushed  backwards  by  tliu  ixt i>s»ive  devebpmeuC  of  the  anterior  lobe.  But 
the  anatomical  distinction  between  tlie  >iJ>(eric>r  and  middlu  lobes  is  Bufficiently  obvioas 
exterually:  and  that  of  the  middle  and  pusterior  lobes  is  also  clearly  marked-out  by  the 
development  of  the  posterior  cornua  of  the  lateral  ventricles,  and  the  situation  of  the 
hippocampus  major.  Hence  the  facta  above  stated  do  not  admit  of  any  aacb  iaterpreto- 
tioa;  and  Lhey  are  fully  borue-out  by  the  history  of  the  £mbryuDio  development  of  the 
Cerebrum  ia  Man,  which  precisely  follows  the  above  plan. — It  is  uut  here  denied  that  the 
anterior  lobe  of  the  Human  Cerebrum  is  remarkable  for  its  grent  eitension /oru'urti*.' 
but  still,  the  difference  between  the  Cerebrum  of  Man  and  that  of  the  lower  MamtOAlia 
oonsiata  much  rather  in  the  propartiuual  develiipmeot  of  the  posterior  lobes,  than  iu  that 
of  the  aaterior. 

*  A  remarkable  iiiatance  of  this  was  published  some  years  since:  —  A  perfeotly  idiotlo 
giri,  io  Paris,  having  been  se^luced  by  some  miscreant,  was  delivered  of  a  child  without 
asaistaoee;  and  it  was  found  that  she  had  j^noitW  the  umbilical  curd  in  two,  in  the  sntne 
manner  as  is  practised  by  the  lower  animald.  It  ia  scarcely  to  be  supposed  that  she  hnd 
atyr  idea  of  the  o^ect  of  this  separation. 
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fonned  heads,  whose  psychical  capability  is  not  preater  than  that  of  others,  lie 
dimensions  of  whose  crania  have  the  saine  peneral  proportion,  bnt  are  of  lOQch 
]eM  absolute  she.  Lar«;e  brains^  with  deficient  activity,  are  commonly  found  in 
persoDS  of  what  has  boen  ternietl  the  phlef/mntic  temperament,  in  whom  ibc 
peneral  processes  of  life  pcem  in  a  torpid  and  indolent  stat^;  whiirt  nnall  braios 
and  great  activity,  betoken  what  arc  known  as  the  taniptine  and  nervous  tenipe- 
raments, 

575.  Harinp  now  inquired  into  the  evidence  of  the  genera?  functions  of  ibe 
Cerebrum,  which  may  be  derived  from  oxnminiition  nf  its  Comparative  develop- 
ment, we  proceed  to  our  other  sources  of  information,  Experiment  and  Pitbo- 
logical  pbenouiena.  Frf>m  neither  of  these,  however,  is  much  positive  infonni- 
tiou  to  be  derived.  —  All  the  results  of  experiments  concur  to  establish  the  fact, 
that  no  irritation,  either  of  the  vesicular  or  cf  the  fibrous  substance,  prodnoe* 
either  sensation  or  motion.  These  results  are  borne-out  by  pathological  obsem- 
tions  in  Man ;  for  it  has  been  frequently  remarked,  when  it  has  been  neceamy 
to  separate  protruded  portions  of  the  Brain  from  the  remainder,  that  this  hu 
given-rise  to  no  sensation,  even  in  ca^es  in  wbich  the  uiind  has  been  perfectly 
clear  at  the  time,  nor  bai?  any  convulsive  action,  been  produced.  The  resolta  of 
partial  mutilations  are  usually,  in  the  first  instance,  a  peneral  disturbance  of  the 
Cerebral  functiona ;  which  subsequently,  however,  more  or  less  quickly  sub8ideS) 
leaving  but  little  apparent  affection  of  the  animal  functions,  except  mnirular 
weakness.  The  whole  of  one  Hemisphere  has  been  removed  in  this  wav,  with- 
out any  evident  consequence,  save  a  temporary  fLcbleness  of  the  Hmba  on  th« 
opposite  side  of  the  body,  and  what  was  supp<jRed  to  be  a  deficiency  of  sifhl 
through  the  opposite  eye.  The  furmer  was  speedily  recovered-from,  and  ttie 
animal  performed  all  its  movements  as  well  as  before ;  the  latter,  however.  w« 
permanent,  hut  the  pupit  remained  active.  When  the  tipper  part  only  of  hotk 
Cerebral  Ileiuispherea  was  removed  by  Ilertwfg,  the  animal  was  reduced,  for 
fifteen  days,  to  nearly  the  same  condition  with  the  one  from  which  they  had  been 
altojiether  withdrawn ;  but  afterwards,  sensibility  evidently  returned,  and  lb* 
muscular  power  did  not  appear  to  be  much  dimini.'shpd. — The  effects  of  the  entire 
removal  of  the  Cerebral  Hemispheres  have  been  already  stated  (§  529).  So  f«r 
as  any  inferences  can  be  safely  drawn  from  them,  these  fully  bear  out  the  cotcln- 
Bion  that  the  Cerebrum  is  the  organ  of  Intelligfnce ;  since  the  animals  which 
have  suffered  this  mutilation  appear  to  be  constantly  plunged  in  a  profound  tltvp, 
from  which  no  irritation  ever  seems  able  to  arouse  them  into  full  activity,  althoogh 
they  give  manifestations  of  consciousness.  It  would  be  wrong  hence  to  infer, 
'however,  as  some  have  done,  that  such  would  be  the  natural  condition  of  an 
animal  without  a  Cerebrum  ;  since  it  is  obvious  that  much  of  the  disturbance  of 
the  sensorial  powers  which  ia  occasioned  by  this  operation,  is  fairly  attributabJe 
to  the  laying-open  of  the  cranial  cavity,  to  the  disturbance  of  the  normal  vascu- 
lar pressure,  and  to  the  injury  necessarily  done  to  the  parts  which  are  left,  by 
their  severance  from  the  Cerebrum.  Hence  the  perftrttenee  of  consctmisoea, 
after  the  entire  removal  of  the  Cerebrum,  —  which  proves  that  the  Cerebrum  i» 
not  its  scat,  or  at  least  not  it4<  eTcfmive  scat,  —  is  a  far  more  important  fact  th«n 
the  positive  destruction  of  psychical  power  which  is  consequent  upon  the  open- 
tion.  8o  far  as  tiiey  can  he  trusted,  however,  the  results  of  such  tnntiUtiooi 
bear-out  the  views  already  put-forth,  as  to  the  superadded  and  non-essential  cha- 
racter of  the  Cerebrum  ;  and  justify  us  in  applying  to  the  higher  animals  the  in- 
ferences to  which  wc  should  be  led  by  the  contemplation  of  those  forms  of  tbe 
nervous  system  in  which  no  Ccn-brum  exists.  There  is  nothing,  therefore,  to 
oppose  the  conclusion,  that  whilst  snintifitnis  may  be  felt,  and  sensori-notor 
actions  excited,  independently  of  the  Cerebrum,'  the  presence  of  this  organ  is 

'  It  ia  worthj  of  remurk,  that  M.  Flourcns,  who  So  tbe  first  instiinoe  nainuiacd  tkat 
icngntion  h  altogpther  deatrtjyed  bj  the  rcrooTftl  of  the  Cerebrum,  haa  substitated,  id  tkt 
Second  Edition  of  bis  Hei^enrehes,  the  word pereeplion  for  sentation;  mpparentl/  impljiftl 
exactly  what  ia  maitiCained  above. 
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ntia]  to  the  formation  of  ideox  or  notions  respecting  the  objects  of  sense,  and 
to  the  performance  of  those  psychieal  operations  for  which  ideaa  furnish  at  once 
the  material  and  the  stimulus  to  acHivity. 

576.  The  Informaiioti  affunkd  bj  Pathological  phenomena  ia  equally  far  from 
being  definite.  Many  instancos  are  on  record,  in  which  extensive  disease  baa 
occurred  in  one  Hemisphere,  so  as  almost  entirely  to  destroy  it,  without  either 
•ny  obvious  injury  to  the  mental  powers,  or  any  intemiptioo  of  the  influence  of 
the  mind  upon  the  body.  But  there  is  no  case  on  record,  of  any  such  severe 
lesion  of  both  henuspberes,  in  which  morbid  phenomena  were  not  evident  during 
life.  It  is  true  that,  in  Chronic  Hydrocephalus,  a  very  remarkable  alteration  in 
the  condition  of  the  Brain  sometiiaoa  presents  itself,  which  might  d  priori  have 
been  supposed  destructive  to  its  power  of  activity;  the  ventricles  beinp  so  enor- 
mously distended  with  fluid,  that  the  ccrehnd  matter  has  seemed  like  a  thin 
lamina,  spread  over  the  interior  of  the  cnlarped  cranium.  But  there  is  no  proof 
that  absolute  destruction  of  any  part  was  thus  occasioned;  and  it  would  seem 
that  the  very  p^radual  nature  of  tlie  change,  gives  to  the  struclure  time  for  accom- 
modating itself  to  it.  This,  in  fact,  is  to  be  noticed  in  all  diseases  of  the  Ence- 
phalon.  A  tuildnt  lesion,  that  may  be  so  triflinp  as  to  escape  observation,  unless 
this  he  very  carefully  coii'lucted,  will  occasion  very  severe  symptoms;  whilst  a 
obrooic  disease  may  gradually  extend  itself,  without  any  external  manifestation. 
It  will  usually  be  found  tbat  sudden  panilysis,  of  which  the  scat  ia  in  the  Hrain, 
results  from  some  slight  effusion  of  blood  in  the  substance  or  in  the  neighbour- 
hood of  the  Corpora  Striata ;  whilst,  if  it  follow  disorder  of  long  standing,  a  much 
greater  amount  of  lesion  commonly  presents  itself  In  either  case,  Ifae  paralysis 
occurs  in  the  opposite  side  of  the  ior/y,  as  we  shouhl  expect  from  the  decussation 
of  the  Pyramids ;  but  it  may  occur  cither  on  the  same,  or  on  the  opposite  side 
of  the/rar, — the  cause  of  which  is  not  very  apparent.  If  convulsions  accompany 
the  paralyais,  we  may  infer  that  the  Corpora  Quadrifremiiia,  or  the  parts  below, 
are  involved  in  the  injury;  and  in  this  ciise  it  is  u.^iually  found  that  the  convul- 
sions are  on  the  paralj'srd  side  of  the  body, — the  effect  of  the  lesion,  both  of  the 
Cerebrum  and  of  the  Corpora  Quudrigemina,  being  propagated  to  the  opposite 
side,  by  the  decussation  of  the  Pyramids.  Where,  as  not  unfrequently  happens, 
there  is  paralysis  of  one  side,  accompanying  convulsions  on  the  other,  it  ia  com- 
monly the  result  of  a  letiiou  affecting  the  base  of  the  lirain  and  Medulla  Oblongata, 
OD  the  side  on  which  tb©  convulsions  take  place;  hert-  the  effect  of  the  lesion 
has  to  cross  from  the  Brain,  whilst  its  infiuenee  on  the  Medulla  Oblongata  is  showa 
on  the  »amt'.  side.  Many  anomaUes  present  theoiselves,  however,  which  are  by 
no  means  easy  of  explanation,  in  the  present  state  of  our  knowledge. — The  dis- 
turbance of  the  Cerebral  functions,  occasioned  by  those  changes  in  its  nutrition 
which  are  commonly  included  under  the  general  term  Inflamuiatinn,  presenls  a 
marked  diversity  of  character,  according  to  the  part  it  aflFecta.  Thus  it  is  well 
knowa  that  the  Delirium  of  excitement  is  usually  a  symptom  of  infliimniutiou  of 
the  cortical  substance,  or  of  the  uiembranes,  of  the  Hemi.sphcrea.  This  is  exactly 
what  might  be  anticipated  from  the  tbregotng  premises,  since  this  eonditioQ  is  a 
perversion  of  the  ordinary  meot^l  operations,  which  are  dependent  up*«n  the 
instrumentality  of  the  vesicular  matter:  sind  it  is  evidently  impossible  for  the 
membranes  to  be  affected  with  inflammation,  without  the  nutrition  of  this  sub- 
Blance  being  impaired,  sinto  it  derives  all  its  vessels  directly  from  them.  On  the 
other  hand,  inflammation  of  the  fibrous  portion  of  the  Cerebrum  is  usually  attended 
rather  with  a  state  of  torpor,  than  with  excitement;  and  with  diminished  power 
of  the  will  over  the  rauiJclcs.  It  is  stated  by  Foville,  that  in  acute  cases  of 
losaoity,  he  has  usually  found  the  cortical  substance  intensely  red,  but  without 
adhesion  to  tlte  membranes;  wltilst  in  chronic  cases,  it  is  indurated  and  adhe- 
rent :  but  where  the  insanity  hn^  been  complicated  with  Paralyais,  he  ha£  usually 
found  the  medullary  portion  indurated  and  congested. 

577.  The  general  result  of  such  investigations  is^  that  the  Cerebrum  is  the 
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ioBtniDieQt  of  ull  thnse  ptychkal  operations,  vbieh  we  include  under  Uie  gcoenl 
U  rm  Juhlhrtual,  wbiUt  it  also  affords,  in  part  at  least,  the  iDStrum«nul  ooo- 
ditiona  of  ETnuiiunnl  states;  and  that  all  thoso.  muscular  moTements  which  result 
from  V'Junlari/  deteruiiiiHtions,  or  wbich  are  directly  consequent  upon  emolimal 
eiciloiueut,  have  their  urigtu  in  its  vesicular  substance,  though  the  motor  impolM 
is  ininicdiately  furnished  bj  the  Cranio-Spinal  apparatus,  upon  which  the  Cere- 
brum plays  (§  550).     It  dues  not  hence  follow,  however,  that  the  Cerebmin  hu 
such  a  direct  rektiun  to  the  Mind,  that  the  consciousness  is  immediately 
necessarily  aflfocted  by  changes  taking-place  in  its  own  Eubstauce ;  and,  ho' 
startling  the  proposition  may  at  Grst  sight  appear,  that  the  organ  of  the  int 
Icotual  operations  is  not  itself  endowed  with  consciousness,  a  careful  conudi 
tioa  of  the  relations  of  the  Cerebrum  to  the  Sensory  Ganglia  will  tend  to 
that  there  is  no  d  priori  abnurditj  in  such  a  notion.     For  if  the  connection  of  the 
vesiculur  matter  of  the  Cerelml  Hemispheres  with  the  Sensorial  Centres,  be  aD»> 
totuicaliy  the  same  as  that  which  exists  between  these  centres  and  the  Retina  or 
any  other  peripheral  expansion  of  vesicular  matter  in  an  organ  of  sense,  which 
we  have  seen  that  it  is  (§  5QG), — und  if  the  same  kind  of  change  may  be  exdi 
in  the  Sensorial  Centres  by  an  impression  from  each  source,  which  has 
shown  to  be  a  matter  of  common  occurrence  (§  549), — it  can  scarcely  be  deeni 
unlikely  that  the  Seuitoriul  Centres  sliould  be  the  seat  of  consciousness,  not  nn 
for  the  impressioTiB  transmitted  to  them  by  the  nerves  of  the  external  Moaea,  hoi 
also  fur  the  impressions  brought  to  them  by  the  '  nerves  of  the  internal  senses,' 
as  we  may  de-signate  (after  Keil)  the  radiating  fibres  of  the  Cerebral  Hemispheres 
(§  566).     And  there  is  on  the  other  hand  an  d  priori  improbability  that  there 
should  be  (too  seats  of  conscioui^ncss,  so  fur  removed  from  one  another  as  ilbt 
Sensory  Ganglia  and  the  vesicular  surface  of  the  Hemispheres  (for  to  their  medal- 
lary  substance  no  such  attribute  cun  be  assigned  with  the  least  probability);  ta 
idea  which  is  quite  at  variance  with  that  very  simple  and  familiar  class  of  phe- 
nomena, which  consists  in  the  rrcolffclion  of  ten»atiurta  (§  591).      For  the  rcmcoi 
bered  sensation  is  bo  completely  the  reproduction  of  the  original,  that  we 
hardly  suppose  the  seat  of  the  two  to  be  different;  yet  the  act  of  recollection 
clearly  Intelleetuat,  and  therefore  Cerebral;  consequently,  if  we  admit  that 
Sensory  Ganglia  are  the  seat  of  the  original  sensation,  we  can  scarcely  but  «di 
that  they  are  also  the  seat  of  that  which  is  rcproiiuoed  by  a  Cerebral  act, — a  ivnt 
which  is  fully  confirmed  by  the  occurrence  of  automatic  movements  aa  oonao* 
tjuences  of  its  recall  (§  549).     But  further,  we  shall  hereafter  find  evidence  tt 
the  same  effect,  in  our  experience  of  the  occasional  evolution  of  results,  such  u 
ordinarily  proceed  from  intellectual  action,  without  any  consciousness  on  our  own 
parts  of  the  steps  whereby  these  are  attained  (§§  G52-C54). 

578.  Without  presuming,  then,  to  afBriu  positively  what  cannot  be  proved,  it 
may  be  stated  as  a  probable  inference  from  the  Pbypiolngical  facts  already  referre^ 
to,  and  from  the  Psychological  evidence  hereafter  to  be  adduced,  that  the  Sen, 
Ganglia  constitute  the  seat  of  consciousness,  not  merely  for  impressions  on 
Organs  of  Sense,  but  also  for  changes  in  the  cortical  substance  of  the  Cerebrui 
so  that,  until  the  latter  have  rcucted  downwards  upon  the  Sensorium,  wa 
no  consciousness  either  of  the  formation  of  idcins,  or  of  any  intellectaal  p; 
of  which  these  may  be  the  subjects. — Ideas,  Emotions,  Intellectual  operati 
&c.,  have  of  late  been  frequently  designated  as  'st^ites  of  consciousness ;'  and  this 
psychological  description  of  them  is  in  full  harmony  with  the  physiological  accoui 
here  given  of  the  material  conditions  under  which  they  respectively  occur. 
as  a  Sensation  is  a  state  of  consciousness  excited  through  the  iuf>trumentality 
the  Sensorium,  by  a  certain  change  (e.  ff.)  in  the  condition  of  the  Retina,  it  is 
not  difficult  to  understand  how  a  change  in  the  condition  of  the  C-orebrum  oisy 
czctte,  through  the  same  instrumcntjility,  that  state  of  consciousness  which  may 
be  termed  Ideational,'  or  that  another  change  may  produce  the  Emotional  con- 

'  Tl^e  Autlior  veDtures  lo  use  thia  term,  the  meaniDg  of  wbich  requires  no  explanAtioc 
9n  the  autlKirit;  of  Mr.  James  Mill,  who  remu-k^ — **  As  we  saj  Seaotttioa,  we  might  also 
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MJcniaiMBB,  another  the  iDtuitiood  consciouBness,  another  the  Logical  conecioos* 
ness.  And  ultbuugh  it  may  be  thought  at  &rst  eight  to  be  a  departure  from  the 
sunplioity  of  Nature,  to  cuppose  that  the  Cerebrum  should  require  another  organ 
to  give  OS  a  oonsciou»Des8  of  its  operations,  yet  wo  have  the  knowledge  that  the 
£ye  does  not  give  us  visual  cousciousnehd,  Dor  the  Ear  auditory  cooiiciouBaces, 
unless  they  be  connected  with  the  Sensory  Ganglia;  and  in  the  end  (the  Author 
feels  a  stron};  assurance)  it  will  be  found  uiuch  simpler  to  accept  the  doctrine  of 
a  common  centre  for  aejtuatiofiai  and  for  wliat  inuy  he  dit>tinguii<hcd  as  menial 
consciousness,  than  to  regard  the  two  centres  an  distinct.' — We  shall  now  proceed 
with  a  brief  analysis  of  the  Mental  phenomena,  of  which  the  Sensory  Qaoglia 
and  the  Cerebrum  afford  the  material  inBtrumefits;  loolcing  at  these,  however, 
rather  from  their  jpht/sioiuytcal  than  from  their  ptycholoffical  aide. 

6.   0/  the  Mind,  and  it*  Operation*. 

579.  Correfation  of  J^h^siolngiral  and  P:ij/ch{cat  Action. — It  ia  universally 
admitted  that,  notwithstanding  all  the  diversities  of  Human  character  and  Mental 
action,  there  are  certain  fundamental  iini/ormidcs  which  jn;iy  be  traced  through- 
out the  whole  of  ttiia  series ;  and  it  is  on  the  basis  afforded  by  these,  that  the 
Science  of  Psychology  ia  erected,  to  which  may  be  applied,  with  a  mere  altera- 
tion of  form,  th*?  definition  elsewhere  given  of  Physiology  {Prtno.  of  Gen.  Phts., 
Am.  Ed.,  p.  1). — '*Tbe  object  of  the  science  of  PxychoIfHji/  is  to  bring  together, 
in  a  systematic  form,  the  phenomena  which  noriuatly  present  themsdvea  during 
the  existence  of  thmkimj  ruimh;  and  to  classify  and  compare  these  in  such  a  man- 
ner, as  to  deduce  from  them  those  general  Laws  or  Principles  which  express  the 
conditions  of  their  occurrence,  and  to  determine  the  causes  to  which  they  are 
Bltribufable,"  As  our  present  object,  however,  is  not  fin  muoh  to  investigate  tho 
operations  of  the  Mind  itself,  qs  to  consider  their  relations  to  those  of  the  bodily 
Organism,  we  shall  here  enter  into  the  exauiiriatioQ  of  the  nature  and  laws  of 
psychical  phenomena,  only  bo  far  as  may  be  requisite  for  the  elucidation  of  that 
mutual  action  and  reaction,  which  is  coutinually  taking-pluce  between  these  two 
parts  of  our  nature.  To  the  prevaleot  neglect  of  this  department  of  study,  may 
be  traced  many  of  the  fallacies  discernible  in  the  argumenta  adduced  on  each 
Bide,  in  the  oft-repeated  controversies  between  the  advocates  of  the  Materialist 
and  the  SpiritualiKt  hypotheses; — controversies  in  themsetves  almost  as  absurd 
as  that  mortal  contest  which  (fabtc  tells  us)  was  once  carricd-on  by  two  knightB 
respcnting  the  material  of  a  shield  which  they  saw  from  opposite  sides,  the  one 
Dia»nla£ning  it  to  be  made  of  gold,  the  other  of  silver,  and  each  proving  to  be  in 
the  right  as  regarded  the  half  seen  by  bimBelf.  Now  the  moral  of  thia  fable,  as 
regards  our  present  enrjuiry,  is,  that  as  the  entire  shield  was  really  made-up  of  a 
gold-half  and  a  silver-half  Khich  joined  each  other  midwatf,  80  the  Mind  and  the 
Brain,  notwithstanding  those  differences  in  properties  which  place  them  in  dif- 
ferent philosophical  categories,  are  bo  intimately  blended  in  their  action*,  that 
more  valuable  itifurmalion  is  to  be  gained  by  aeuking  for  it  at  the  points  of  con- 
tact, than  can  bo  obtained  by  the  prosecution  of  those  older  methods  of  research, 
in  which  Mind  has  been  studied  by  Metaphvsiciana  altogether  without  reference 
to  its  material  instruments,  whilst  tho  Eram  has  been  dissected  by  Anatomists 

My  IdeaUon;  it  woald  b«  a  vcrj  useful  word ;  and  there  is  no  objection  to  it,  except  the 
pc<iantio  hnbit  of  decrying  s  new  term.  Scnsatioa  is  the  general  name  for  one  part  of 
our  coaatitution  [or  rattier,  for  one  htnXa  of  our  consaiousuess],  Ideation  for  another." 
(*'  Ansljsia  of  the  Human  Mind,"  vol.  i.  p.  42.) — If  the  use  of  the  snbgtaatiTe  IdeatioD  be 
admitted,  there  oaa  be  no  reu^onable  objection  to  the  adjootive  ideational. 

'  It  may  serTe  to  give  additional  coDtidcnce  in  the  views  above  propoQoded,  if  the 
Aathor  mendons  that  be  was  lead  by  thecn  to  predict  the  psyohologicai  phenometiA  refer- 
red-to  at  the  end  of  g  &T7,  of  which  he  wus  not  at  the  lime  aware  as  facta,  but  of  which 
he  ftAerwards  became  naxured  hy  the  aaalyBia  of  hia  owd  consciouanees,  and  b;  tbe  ootB- 
momcated  experience  of  others  to  whom  he  stated  the  queatioo. 
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and  analyzed  by  Chemistg,  as  if  they  expected  to  nap-out  the  course  of  Tluragbt, 
or  to  weigh  or  measure  the  intensity  of  Emotion.' 

580.  Aliliongh  few  (if  any)  Philosophers  would  be  disposed  to  qnestioo  that 
the  Cerebrum  is  the  instrumcot  of  our  higher  p!»ycbical  powers,  the  idea*  which 
are  entertained  of  the  nature  of  this  instruuientaliity  have  been  seldom  clearly  or 
consistently  defined.  Some,  who  have  attended  exclusively  to  the  close  relation- 
ehip  which  indubitably  exists  between  corporeal  and  mental  states,  have  tbooght 
that  all  the  operations  of  the  Mind  are  but  njanife£tations  or  expresaions  of  ma- 
terial changes  in  the  Brain  ;  that  thus  Man  is  but  a  thinking  machine,  his  cod- 
duct  being  entirely  deferiuincd  by  his  oripinul  constitution,  modified  by  FubseqtieDt 
conditions  over  which  he  has  no  control,  and  his  fancied  power  of  self- direction 
being  altogether  a  delusion ;  and  hence  that  notions  of  dutt/  or  retpoTuibility 
have  no  real  fuundation,  Man's  charocter  being  formed /wr  him,  and  not  ly  him, 
and  his  mode  of  action  in  each  indii^idual  case  being  simply  the  consequence  of 
the  reaction  of  his  Certbrum  upou  the  impressions  which  called  it  into  plaj, 
On  this  creed,  what  is  commonly  termed  Criminality  is  but  one  form  of  Inunitj, 
and  ought  to  be  treated  as  such  ;  Insanity  itself  is  Dotbing  else  than  a  disordered 
action  of  the  Brain-,  and  the  hipheet  elevation  of  Man's  psychical  oatiucisto 
be  attained  by  due  attention  to  all  the  conditions  which  favour  his  ph^nical  it- 
Velopment' — Now  this  honestly-expressed  Maferialint  doctrine  recognises  certain 
great  facts,  on  which  the  unprejudiced  and  obi^ervant  Physiologist  can  scarcely 
entertain  a  doubt,  notwithstanding  that  their  validity  may  be  denied  by  thoat 
who  have  had  comparatively  little  opportunity  of  studying  them,  or  who  haveio 
made  up  their  minds  to  a  foregone  conclusion,  as  to  be  ready  to  admit  ootbiog 
which  is  not  in  accordance  with  it.     The  whole  series  of  pheoomena  which  ao 

'  This  inquiry  has  been  started  more  than  once,  but  has  not  until  recentlj  bf«n  f7»- 
tematically  proHecuted.  "  TIjere  is  one  view  of  the  connection  betw«i>n  Mind  and  Matter, 
says  Trof.  Dugald  Stewart,  "which  is  perfectly  ngreeahle  to  the  just  rules  of  philoiojikr 
The  object  of  iLiis  is,  to  ascertain  the  laws  which  regulate  their  uqioil,  without  ati^mpliat 
to  explniD  in  wtiat  manuer  tliey  are  united.  Lord  DacoD,  was,  I  believe,  the  tnt  vlw 
gaTe  a  distinct  idea  of  this  kind  of  specalation ;  aod  I  do  not  know  that  much  pro^rrca 
has  yet  been  mndc  in  it." — f^nnsidering  his  own  province,  however,  to  l>e  purelj  Mftt- 
phy^cikl,  tlic  etnioent  Proft:si<or  just  quoted  gave  no  further  attention  to  the  mbJMl  thai 
adverted-lo ;  atid  those  who  have  tut>r«  recently  taken  it  up,  huviag  been  PhjnolopM 
and  PhyaiciaDB,  rntht'r  than  professed  Psychologists,  hare  been  looked>npon  by  the  Utter 
as  opponents  rather  than  a»  BlHes.  It  is  much  to  be  desired  that  a  systematic  ttnij 
should  he  made,  by  those  who?e  aionlal  trnining  atid  habits  of  scientific  research  qnalif^ 
them  fur  the  ta^k,  of  thnt  wiile  and  atriinst  uuexpUired  domain,  which  oomprebendt  tW 
whole  rangc^  not  only  of  what  tiiay  be  termed  Mental  Pht/siohgy,  but  also  of  Memfai  Faii*. 
lofftf,  and,  iu  addition,  the  Comparalive  Ptychology  of  the  lower  AoimHls,  and  the  Hittfj 
of  Develvpmmt  of  the  Uuman  Mind,  from  the  earliest  manifestation  of  its  powersL 

*  For  the  latest  and  laoBt  thorough-going  expression  of  this  doctrine,  eee  the  "  Lctt«n 
oti  the  Lavs  of  Man's  Nature  and  Development,"  by  Henry  U.  Atkinson  aad  Harriet 
Martineau.  A  few  extracts  will  sulSce  to  show  the  bcnringa  of  this  ayetem  of  philoaopkjr. 
"  lustinct,  pasajuti,  thought,  ha.  are  effects  of  organised  substancea."  "All  eaoats  an 
material  causes."  "  Id  material  conditions  I  find  the  origin  of  all  religiona,  all  philM»- 
phies,  nil  opinions,  all  virtues,  and  'spiritual  conditions  and  influences,'  in  the  same  i 
ner  that  I  find  the  origin  of  all  diseases  and  of  all  insanities  in  material  conditions 
catiset^."  "  I  ani  what  I  nm  ;  a  creature  of  neccf>Bily ;  I  claim  neither  merit  nor  den^ 
"  1  feel  that  I  am  as  completely  the  result  of  my  nature,  and  impelled  to  do  what  I  do, 
the  needle  to  point  to  the  tiorlh,  or  the  puppet  to  move  according  as  the  string  is  pulled." 
*•  I  cannot  alter  my  will,  or  be  other  than  what  I  am,  and  cannot  deserve  either  reward  or 
punii^hment." — It  seems  to  the  Author,  that  every  system  of  Philosophy  which  refards 
the  succession  of  Blental  Phenomena  as  determined  4oltl}t  by  the  ordinary  laws  of  Caasa- 
tion,  and  which  rejects  the  teff-drlrrmimng  power  of  the  Will  (or,  which  ia  the  tarns 
thing,  regards  the  Will  as  only  another  expression  for  the  preponderance  of  molwtrU 
virtually  lends  to  the  same  result.  On  this  account,  he  cannot  admit  that  Mr.  John  MiU'f 
•  Logic  of  the  Moral  iJoiencea'  (Book  vi.  of  his  ••  System  of  Logic") — masterly  though  it 
he.  as  an  exposirion  of  the  method  of  JnTestigating  tfiaf  part  of  our  psychical  aafurt 
which  can  be  brought  within  the  domain  of  Law, — is  applicable  to  the  Human  MindM* 
tchok. 
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plainly  mark  the  influence  of  the  Body  on  the  Mind,  of  physical  upon  p/iychicat 
states, — the  obvioua  dependence  of  the  normal  acti\'ity  of  the  Mind  upon  the 
healthful  mitrition  of  the  Brain,  and  upon  its  due  supply  of  oxyjjenated  blood, — • 
the  extraordinary  iTtfluctice  of  l^cal  affections  of  the  Cerehruiu  upon  the  nnrmal 
•nccession  of  lutollcctual  operations,  as  is  especially  seen  in  the  strange  dlsturb- 
•ooes  or  '  dislocations'  of  the  memory  consequent  upon  blows  on  the  head, — tho 
lurgo  ehare  which  certain  states  of  hodily  disorder  on  the  part  of  parents,  or 
conditiiins  tending  to  induce  defective  nutrition  during  the  periodg  of  infancy 
and  childhood,  have  been  proved  to  possess  in  the  induction  of  Idiocy  and  Cre- 
tinisni, — the  complete  perversion  of  all  the  mental  powers  and  moral  feelings, 
amounting  to  a  temporary  iosauityj  which  is  produced  by  Intoxicating  agents, — 
these  and  numerous  other  phenomena  ruight  be  cited  in  support  of  the  Materialist 
doctrine ;  and  must  be  accounted-for  by  any  one  who  undertakes  the  solution  of 
this  myatery. 

581.  But  these  phenomena  are  not  to  be  looked-at,  to  the  exclusion  of  the  facta 
of  our  own  iaternal  conscbusnesSr  In  reducing  the  Thinking  Man  to  the  level 
of  "a  puppet  that  moves  according  as  its  strings  are  pialled,"  the  Materialist  Phi- 
losopher places  biuiiielf  in  complete  opposition  to  the  undoubting  conviction  which 
almost  every  one  feels,  who  does  not  trouble  himself  by  speculating  upon  the 
matter,  that  he  really  possesses  a  sflf-detcrmining  patter^  which  can  rise  abova 
all  the  promptings  of  extertial  suggestion,  and  can,  to  a  certuii]  extent,  mould  es- 
temal  circumstances  to  its  own  re<]uiremeats,  instead  of  being  completely  subju- 
gated by  them.  We  can  scarcely  desire  a  better  proof  that  our  possession  of 
this  power  is  a  reality  and  not  a  self-delusion,  than  that  which  is  afforded  by  the 
comparison  of  the  normal  condition  of  the  mind,  with  that  in  which  the  directins; 
power  of  the  Will  is  in  abeyance.  This  laat  condition  is  seen  in  certain  sfcitesof 
Somnambulism,  both  natural  and  artificial  (§§  693-695),  in  the  *  Biologized ' 
state  (§  672),  and  in  some  other  abnormal  conditions;  the  subjects  of  which  may 
really  be  considered  (so  long  as  ihosa  conditions  are  allowed  to  last)  as  mere 
thinking  autotnata,  puppets  pulled  by  directing  strings;  their  whole  course  of 
thought  and  of  action  being  determined  by  suggestions  conveyed  from  without, 
and  their  own  Will  having  no  power  to  modify  or  direct  this,  owing  to  the  tem- 
porary suspension  of  its  influence. — ^To  whatever  extent,  then,  we  may  be  ready 
to  admit  the  dependence  of  our  mental  operations  upon  theorganixationaud  func- 
tional activity  of  our  Nervous  System,  we  cannot  but  feel  that  there  is  aQniffhing 
beyond  and  above  all  this,  to  which,  in  the  fully- developed  and  self- regulating 
mind,  that  activity  is  subordinated ;  whilst,  in  rudely  trampling  on  the  noblest 
conceptions  of  our  nature  as  mere  delusions,  the  Materialist  hypothesis  is  so  tho- 
ruughly  repugnant  to  the  almost  intuitive  convictions  which  we  dra.w  from  the 
simplest  application  of  our  Intelligence  to  our  own  Moral  Sense,  that  those  who 
Lave  really  experienced  these,  are  made  to  feel  its  essential  fallacies  with  a  cer- 
tainty that  renders  logical  proof  quite  unnecessary. 

682.  Let  UB  turn  now  to  the  opposite  doctrine  held  by  the  SpintuolufSf  ia 
regard  to  the  nature  and  source  of  mental  phenomena;  and  consider  this  in  its 
Physiological  relations.  To  them  the  Mind  appears  in  the  light  of  a  separate 
immaterial  existence,  mysteriously  connected,  indeed,  with  a  bodily  instrument, 
but  not  dependent  upon  this  in  any  other  way  for  the  conditions  of  its  operation, 
than  aa  deriving  its  knowledge  of  external  things  through  its  agency,  and  as 
making  use  of  it  to  execute  its  detenni nations,  so  far  aa  these  relate  to  material 
objects.  On  this  hypothesis,  the  operations  of  the  Mind  itself,  having  no  rela- 
tion whatever  to  those  of  Matter,  are  never  themselves  affected  by  conditions  of 
the  corporeal  organism,  whose  irregularities  or  defects  of  activity  only  pervert  oi 
obscure  the  outward  manifestations  of  the  Mind,  just  as  the  light  of  tho  brightest 
lamp  may  be  dimmed  or  distorted  by  passing  through  a  bad  medium ;  and,  fur- 
ther, as  the  Mind  is  thus  independent  of  its  material  tenement,  and  of  the  circum- 
stances in  which  this  may  chance  to  be  placed,  but  is  endowed  with  a  oomplctu 
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power  of  8elf-p'>Ternracnt,  it  is  responsible  for  all  its  own  actions,  whicb  roiwf  be 
jud;»ed-of  by  certain  lixed  stantlards.  Now  this  doctrine  fully  recognixes  all  that 
is  ignored  in  the  preceding ;  but,  on  the  other  hand,  it  ignores  all  that  it  rpcoc- 
nizcd  and  served  to  Bccouni-for ;  and  is  not  less  opposed  to  facta  of  most  familiiir 
exf>erieiJce.  For  in  plaeinp  the  Mind  ont»ide  of  the  body  (so  to  speak),  and  in 
denying  that  the  action  of  the  Mind  itself  is  ever  disordered  by  corporeal  condi- 
tions, it  puts  UB  in  the  dilemma  of  either  rejecting  the  plainest  evidence,  or  of 
nddiitting  that,  after  all^  we  know  nothing  whatever  about  the  Mind  itself}  all 
that  we  do  know,  beiojir  that  lower  part  of  our  mental  nature  which  operates  on 
the  body,  and  is  in  it«  turn  affoctod  through  it. — Those  who  most  fully  and  con- 
wstently  carry-out  this  doctrine,  are  rendy  to  maintain  that  even  in  the  state  of 
lotoxication  there  is  no  truly  mental  perversion  ;  and  that,  in  spite  of  appearances, 
the  mind  of  the  Lunatic  (fUvinst  particufa  autse)  is  perfectly  sound,  its  bodily 
instrument  being  alone  disordered.  But  it  cannot  be  overlooked,  that  in  tbe  de- 
lirious ravings  of  Intoxication  or  of  Fever,  or  in  the  conversation  and  actions  of 
the  Lunatic,  we  have  precisely  the  same  evidence  of  mental  operation,  that  w« 
have  in  the  sayings  and  doings  of  the  same  individuals  in  a  state  of  sanity;  and 
ample  testimony  to  this  effect  is  borne  by  those,  who  have  observed  their  own 
jnent^il  state  during  the  access  of  these  conditions,  and  who  have  described  the 
alterution  which  takes  place  in  the  course  of  their  thoughts,  when  as  yet  oeithef 
the  sensorial  nor  the  motor  apparatus  was  in  the  least  perturbed.'  Ncthing, « 
think,  can  be  more  plain  to  the  unprejudiced  obeerver,  than  that  the  introdactioo 
of  Intoxicating  agents  into  the  circulating  system  really  perverta  the  action  of 
the  moid,  disordering  the  usual  sequence  of  phenomena  most  purely  psychical, 
and  occasioning  new  ond  strange  results  which  are  altogether  at  variance  with 
those  of  its  normal  action.  And  when  once  the  reality  of  this  influence  of  pbr- 
Bical  conditions  upon  purely-mental  states  is  forceti  upon  tbe  Physiologist,  be  can 
scarcely  refrain  from  attributing  to  it  a  very  wide  range  of  action;  and  thus  he 
is  led  to  tbe  conviction,  that  however  true  it  may  be,  that  there  is  something  in 
our  mental  constitution  beyond  and  above  any  agency  which  can  be  attributed  io 
Matter,  the  opemtiong  of  the  Mind  are  in  a  great  degree  determined  (in  our  pre- 
sent »tnUi  of  being)  by  the  material  conditions  with  which  they  are  so  intimatelj 
assuciiticd. 

583.  The  whole  theory  and  practice  of  Educnlicm,  indeed,  involves  the  distinct 
recogiiitinn  of  externa!  influeueea,  as  having  a  most  important  share  in  tho  formi- 
tioii  of  the  character;  whilst  it  is  the  object  of  every  enlightened  Educator  to 
foster  the  development,  and  to  promote  the  right  exercise,  of  that  power  by  which 
each  individual  becomes  the  director  of  his  own  condui-t,  the  arbiter  of  his  own 
destinies.  It  may  be  considered  as  a  legitimate  deduction  from  experienoc,  that 
until  this  self-directing  power  bos  been  acquired,  the  character  t»  the  reaoltant 
of  original  constitution,  and  of  the  circumstances  in  which  the  individual  u 
placed  ;  and  that  so  long  as  the  circumstances  are  unfavourable  to  the  develop- 
ment of  the  nelf-dtrecting  power,  and  to  the  operation  of  those  higher  tendencief 
which  should  furnish  the  best  motives  to  its  exercise,  so  long  the  character  of  tb« 
individual  in  formed  /or  him  and  not  6y  him.  The  real  $rl/-/firmntifm  com* 
Eiencea  with  his  consciousnefis  of  the  possession  of  that  power  which  enables  bim 
to  determine  his  own  oounse  of  thought  and  action ;  a  power  which  is  exercised 
by  the  Will,  iu  virtue  of  its  dotnination  over  what  may  be  designated  as  the  auto- 
tnaft'c  opomtion  of  tbe  Mind.  A  being  entirely  governed  by  the  lower  pa^sdoos 
and  insTvnets,  whose  higher  moral  sense  has  been  roprcHsed  from  its  earliest  dawn 
by  the  degrading  iufluence  of  the  conditions  in  which  be  is  placed,  who  has  never 
learned  to  exercise  any  kind  of  self-restraint  (or,  if  he  has  learned  it,  has  only 
been  trained  to  use  it  for  the  lowest  purposes),  who  has  never  heard  of  a  God,oi 

'  See  especially  the  work  of  M.  Moreau,  "Du  Ilachisch  et  de  rAli^natio©  Mentale."  rf 
wliicli  a  critical  nnftly!*is  will  be  foiinJ  in  ihe  "Brit,  and  For.  Med.  Rev.,"  voL  xxiiL  f> 
317:  atao  the  well-known  '' CoDfeasiooa  of  on  EDglieh  Opium 'Eater," 
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Immortality,  or  of  the  worth  of  his  Soul, — such  a  being,  one  of  those  "heathen 
outcasts  of  whom  all  our  great  towns  are  unhappily  but  too  productive,  can  surely 
be  uo  more  morally  responsible  for  his  actions,  than  the  lunatic  who  has  lost  what- 
ever self-control  he  once  possessed,  and  whose  moral  Bcnse  has  been  altogether 
perverted  by  bodily  disorder.  But  let  the  former  be  subjected  to  the  fraininor  of 
one  of  those  benevolent  individuals  who  know  how  to  find  out  "  the  holy  spot  in 
every  child's  heart;"  let  patient  kindnesa,  continually  appealing  to  the  highest 
motives  which  the  child  can  understand,  progressively  raise  hia  moral  standard, 
•nd  awaken  within  him  the  dormant  suscepttbilitiee  which  enable  htm  to  feel 
thai  he  has  a  conscience  and  a  duty,  that  there  is  a  Father  who  made  him,  and 
who  watches  over  his  welfare,  that  there  ia  a  hereafter  of  rewards  and  punish- 
ments, that  he  has  a  power  within  himself  of  controlling  and  directing  hia 
thoughts  and  actions; — then,  and  not  till  then,  in  our  belief,  doe?  he  become 
traly  responsible  for  his  actions,  either  morally  or  religiously, — then  only  does  he 
rise  from  the  level  of  the  brute,  and  begin  to  show  that  he  is  indeed  made  io  the 
image  of  his  Maker. 

584.  Thus,  then,  we  see  that  the  Materialist  and  the  Spiritualist  doctrines 
alike  recognize,  and  alike  ignore,  certain  great  truths  of  Iluman  Nature ;  and 
the  question  returns  upon  u.s,  whether  any  general  expression  can  be  framed, 
'which  may  be  in  harmony  alike  with  the  results  of  scientific  inquiry  into 
the  facts  of  the  case,  and  with  those  simple  teachings  of  onr  own  conscious* 
ness,  which  must,  aft<.-r  all,  be  recognized  as  affording  the  ultimate  test  of  the 
trath  of  all  Psychological  doctrines.  Such  an  expression  may  be  framed,  as  it 
appears  to  the  Author,  in  strict  accordance  with  true  philosophy,  by  withdrawing 
ourselves  entirely  from  the  futile  attempt  to  bring  Matter  and  Mind  into  the 
same  category,  and  by  fixing  our  attention  eiclusively  on  the  relation  between 
Jdind  and  Fume.  Although  far  from  thinking  that  the  views  here  offered  express 
the  whole  truth,  or  .solve  all  the  difiicultics  of  the  subject,  he  con-siders  that  they 
express  so  much  more  than  any  scheme  he  has  ever  heard-of,  that  he  ventures  to 
request  for  them  a  thoughtful  consideratien  on  the  part  of  those  who  feel,  with 
hilt),  the  importance  of  attaining  some  deiiuite  conceptions  on  this  head. — In  the 
first  place  it  may  be  remarked,  that  the  whole  tendency  of  Philosophical  Investi- 
gation at  the  present  day,  is  to  show  the  utter  futility  of  all  the  controversies  which 
have  been  carried-on  with  regard  to  the  relation  of  Mind  and  Mutter.  The 
oasential  nature  of  these  two  entities  is  such,  that  no  relation  of  identity  can 
exist  between  them.  Matter  possesses  extension,  or  occupies  space ;  whilst  Mind 
has  no  such  property.  On  the  other  hand,  we  are  cognizant  of  Mutter  only 
through  its  occupation  of  space,  of  which  we  are  infonncd  through  our  senses; 
we  are  cognizant  of  the  existence  of  Mind  by  our  direct  consciousness  of  feelings 
and  ideas,  which  are  to  us  the  most  certain  of  all  realities.  IJut,  what  is  jKirhapg 
a  more  important  distinction,  the  existence  of  Matter  is  essentially  pasnuc;  left 
to  itself,  it  always  iuipresses  our  consciousness  in  one  and  the  same  mode;  and 
any  change  iu  its  condition  is  the  consequence  of  external  agency.  What  have 
been  termed  the  active  states  of  matter,  are  really  the  manifestations  of />«•«,  of 
which  we  can  conceive  as  having  an  existence  independent  of  matter,  and  as 
having  no  other  relation  to  it  than  that  which  consists  in  their  capability  of 
changing  its  stiite.  Thus  Water  continues  unchanged  so  long  as  its  temperature 
remains  the  same;  but  the  dynaraicjJ  agency  of  Heat  occasions  that  njutual 
repulsion  between  \ts>  particles,  which  transforms  it  from  a  n»jn-ela8tic  litjuid  into 
an  elastic  vapour;  and  all  tbis  heat  is  given-forth  Irum  it  again,  when  the  aqueous 
vapour  is  tranrformed  back  to  the  liquid  state.  On  the  other  hand,  the  existence 
of  Mind  is  essentially  active:  all  its  states  are  states  of  dmnt/e^  and  we  know 
nuthiQg  whatever  of  it  save  by  its  changes.  Sensation,  Perception,  Idea, 
Emotion,  llcasoning  process,  &c.,  in  fact  every  term  which  expresses  a  Mental 
state,  is  a  designation  of  a  phase  of  mental  existence  that  intervenes  between 
other  phases,  iu  the  continual  lucceiuion  of  which  our  idea  of  Mind  conaistB. 
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685.  But  whUst  between  Matter  and  Mind  it  is  utterly  vain  to  attempt  to 
eatnbii.sh  a  relation  of  identity  or  analogy,  a  very  close  relation  may  be  shown  to 
exip't  between  Mind  and  Force.  For,  in  the  first  place,  Force,  like  Mind,  can  be 
conceived-of  only  as  in  a  elate  of  activity ;  and  our  idea  of  it  essentially  con^sta 
in  the  E:uocc5sioD  of  diflferent  states,  under  which  its  manifestations  present  tbem- 
Belvcs  to  our  cnncioneness.  But,  secondly,  our  consciousness  of  Force  is  really 
ua  direct,  as  is  that  of  our  own  menttil  stute;'  our  notion  of  it  being  based  upon 
our  internal  sense  of  the  exertion  which  we  deterroinately  make  to  develope  one 
form  of  Force,  which  may  be  taken  as  the  type  of  all  the  rest, — that,  naniely, 
which  produces  or  whit'h  resists  motion.  When  we  attempt  to  lift  a  weight,  or 
to  turn  a  windlass,  or  to  stop  a  horse  that  is  runoing-away,  we  are  directly  comwiom 
of  a  mental  exertion^  as  the  immediate  and  invariable  antecedent  of  the  develop- 
ment of  motor  power  through  the  contraction  of  our  muscles ;  and  the  connetv 
tion  of  the  two  is  further  established  by  that  '  sense  of  effort '  which  we  intai- 
tively  refer  to  the  muscles  themselves,  arising  as  it  does  from  their  own  condidon 
(§  546) ;  and  thus  we  are  led  to  feel  that,  in  this  particular  case,  Force  mn-^t  b« 
repardt'd  as  the  direct  expression  or  manifestation  of  that  Mental  state  which  we 
call  Will.  The  analogy  becomes  stronger,  when  we  trace  it  into  the  relations  whicb 
these  two  apencies  respectively  bear  to  Matter.  For  in  the  phenomenon  of  Vol- 
untary movement  we  e^n  scarcely  avoid  seeing  that  Wind  is  one  of  the  dynamical 
agencies  which  is  capable  of  actiog-on  Matter;  and  that,  like  other  rvA 
agencies,  the  mode  of  its  manifestation  is  affected  by  the  nature  of  the  mat^ntl 
sult»tratum  through  which  its  influence  is  exerted.  Thus,  the  I*hysiolofijt 
knows  full  well,  that  the  immediate  operation  of  the  Will  is  not  upon  the  Masde 
but  upon  the  Brain,  wherein  it  excites  that  active  state  of  Nervous  iDatt<r, 
which  he  designates  as  the  operation  of  Nerve-force;  and  that  the  propagation  of 
this  force  along  the  Nerve-trunks  is  the  determining  cause  of  the  Muscular  contn*- 
tion,  which  is  the  immediate  source  of  the  motor  power.  He  knows,  loo,  that  thb 
dyaamieal  uictuniorphosis  is  effected  (like  every  other  analogous  chaoge)  by  tba 
in  termed  iii  tion  of  a  peculiar  material  ttiltstratvm,  which  itself  undergoes  a  chinii 
of  condition;  the  components  both  of  the  Nervous  and  Muscular  substanoei 
oeasifig  to  exist  under  their  previous  forms,  and  entering  into  new  combinatiiocs. 
Thus,  then,  we  have  evidence,  in  what  we  know  of  the  physiological  conditioni 
under  which  Mind  produces  Motion,  that  certain  ihnns  of  Vital  Force  constitute 
the  connecting  link  between  the  two;  and  it  is  difficult  to  see  that  the  dynamical 
agency  which  we  term  Will  is  more  removed  from  Nerve-force,  on  the  one  hand, 
than  Nerve-force  is  removed  from  Motor  force  on  the  other.  Each,  in  giving 
origin  to  the  next,  is  itself  expended,  or  ceases  to  exist  ok  tnch  ;  and  each  bean, 
in  its  own  intensity,  a  precise  relation  to  that  of  its  antecedent  and  its  consequent 

5S6.  But  we  have  not  only  evidence  of  the  excitement  of  Nerve-foroe  I7 
Mental  agency;  the  converse  is  equally  true,  Mental  activity  being  excited  by 
Nerve-force.  For  this  is  the  cusc  in  every  act  in  which  our  Consciousness  ia 
excited  through  tlie  instrumentality  of  the  Sensorium,  whether  its  condition  be 
affected  by  impressions  made  upon  Organ  of  Sense,  or  by  changes  in  the  stale 
of  the  Cerebrum  itself;  a  certain  active  condition  of  the  nervous  matter  of  the 
Sensorium,  being  (we  have  every  reason  to  believe)  the  immediate  antecedent  of 
all  consciousness,  whether  sensational  or  ideational.  And  thus  we  are  led  to 
perceive,  (hat,  as  the  power  of  the  Will  can  develope  Nervous  activity,  and  aa 
^ferve- force  can  develope  Mental  activity,  there  must  be  a  Corrrlation  betweeft 
these  two  modes  of  dynnmical  agency,  which  is  not  less  intimate  and  oomplelft 
than  that  which  exists  botween  Nerve-force  on  the  one  hand  an4  Electricity  of 
If  eat  on  the  other.     (Princ.  OF  Gen.  Phys.,  Am.  Ed.) 

587.  This  idea  of  Correlation  of  Forces  will  be  found  completely  to  harraooiM 
with  those  phenomena  already  referred-to,  which  unmistakeably  indicate  the  in- 

'  This  WB«  long  aince  tiintcd-at  by  Loclte,  in  the  Chapter  'Of  Power*  in  h»  "  Eraaj  oa 
tlie  tluraan  UuderBtaadiDg,"  Baok  11.  Chap.  xxi. 
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flucaco  of  phjsicaJ  conditions  in  the  determination  of  mental  states  (§  580); 
whiUt,  CD  the  other  band,  it  explains  that  relation  between  Emotional  excitement 
and  bodiljr  change,  which  is  Diaoifei^tcd  in  the  subsidence  of  the  former,  when  it 
has  expended  itself  in  the  production  of  the  latter  (§  624).  And  farther,  it 
will  be  found  no  less  applicable  to  the  expluuatioa  uf  all  that  automatic  action 
of  the  Mind,  which  consists  in  the  6Ucce8.sion  uf  ideas,  according  to  certain 
'  laws  of  thought,'  without  the  exercise  of  uny  control  or  direction  on  the  part 
of  the  individual  to  whose  coDsciousncss  tbcj  present  themselves,  and  which 
manifests  itself  in  the  action  of  those  ideas  upon  the  centres  of  niovcnient. 
Fur  this  succession  must  be  regarded  as  the  exponent  of  a  scries  of  changes 
taking  place  in  the  Cerebrum  itself^  in  rcspondence  to  impressions  made  upon  it; 
whilst  the  movements  which  proceed  from  these  must  be  considered  as  being  no 
less  the  results  of  its  *  retlex '  or  ^  idco-uiotor  '  operation,  than  are  the  '  consen- 
saal '  of  the  refiex  action  of  the  Sensory  Ganglia,  and  the  '  excito-motor '  of  that 
of  the  Spinal  Cord.'  For  all  Physiological  purposes,  then,  we  may  consider  the 
nervous  matter  of  the  Cerebrum  as  the  nut  ferial  avtsfniftim  through  which  tho 
metamorphosis  of  Nerve-force  into  Mind-force,  and  of  Mind-force  into  Nerve- 
force,  is  effected;  and  as  every  such  metamorphosis  involves,  like  other  analogouji 
tninsfurmatious,  a  change  in  the  state  of  the  matter  through  which  it  is  effected, 
so  should  we  expect  that  Mental  activity  would  involve  (he  disintegRition  nf  tbo 
Iferviius  substance  which  thus  minii<tcrs  to  it;  and  such  appcors  from  u  variety 
of  evidence,  to  be  really  the  case.     (See  I'rinc.  of  Gen,  Phyh.,  Am.  Ed.) 

588.  It  is  obvious  that  the  view  hero  taken  does  not  in  tbe  least  militate 
against  tbe  idea,  that  Mind  may  have  an  existence  altogether  independent  of 
tbe  Material  body  throagh  which  it  thus  manifests  itself.  All  which  has  been 
contended  for  is,  that  the  connection  between  the  Mind  and  Body  is  such,  that 
each  has,  in  virtue  of  its  coostitutiuci,  a  determinate  relation  to  the  other,  in  this 
present  stAte  of  existence  (which  is  all  of  which  Science  can  Irgitimatcly  tsike 
oognixanoe);  and  that  the  actions  of  our  Minds,  in  so  far  as  thrtf  arc  cnrricd-on 
without  any  interferenci  from  our  Will,  may  be  considered  (in  the  limited  sense 
formerly  explained,  §  46,  note)  us  '  functions  cf  the  Cerebrum.'  —  On  the  other 
band,  in  the  control  and  ilireclion  which  the  WiU  has  the  power  of  exerting  over 
tbe  course  of  the  thoughts,  we  have  the  evidence  of  a  new  and  iudi-pcodent 
|tower,  which  is  entirely  opposed  in  its  very  nature  to  all  the  autornatic  tendencies, 
and  which,  according  b^  it  is  hubitually  exerted,  tends  to  render  the  individual  a 
fret  aijml.  And,  truly,  in  the  exi^te^lce  of  this  Power,  which  is  capable  of 
dominating  over  the  very  higtiest  of  thui>c  operatioua  that  wc  know-of  as  connected 
with  corporeal  states,  we  find  a  belter  evidence  than  we  gain  fruin  the  study  of 
any  other  part  of  our  psychical  nature,  that  thtrt  i$  an  entity  wherein  Man's 
nobility  essentially  consie<ts,  which  dues  not  depend  fur  its  existence  on  any 
play  of  psychical  or  vital  forces,  but  which  makes  the&e  subservient  t'>  its  deter- 
uiiutttions.  It  is,  Id  fuct,  the  virtue  uf  the  Wiil^  that  wc  are  not  mere  thinking 
automata,  mere  puppets  to  be  pulled  by  suggesting-etrings,  capable  of  being 
played-upon  by  every  one  who  shall  have  made  himself  master  of  oar  pprings  of 
ftCtioD.     It  may  be  freely  admitted  that  such  thinking  automata  </o  cxiist :  for 

*  Tbe  appltoalion  of  the  doctrine  or  '  retlex  action'  to  the  Br»in,  wna  first  fullj  develnpeJ 
by  Dr.  Laycock  of  Y^ork,  in  a  paper  '  (Jd  tbe  Reflex  FuDCtion  of  the  Brain,'  read  heFrire 
the  Medical  Section  of  the  Briliah  Aasociation  at  its  mevtitig  ici  Vurk,  i^ept.,  1844,  and 
afterwards  publi9hed  ta  the  "Brit  luid  For.  Med.  Rev.,"  toI.  xix.  —  Not  bnving  recog- 
nised what  nppenrs  to  the  Author  the  essential  distinction,  both  in  tiieir  nnntoniicMl  nnd 
pbym9lopcal  relations,  between  the  8ensury  Qaoglia  and  tho  Cerebral  or  lleroispberio 
QaagUa,  Dr.  Litycook  did  not  mark-out  the  dittliuction  between  tlie  *«nuon-tDQtor'  or 
'  coiieensual '  actions,  which  are  the  ummreatationa  of  the  retlex  power  of  the  former,  and 
the  '  ii/rrt-motor '  aotions  which  depend  upon  the  reflex  action  of  the  latter.  But  in  Adopt- 
ing that  part  of  it  which  ia  strictlj  applicable  to  the  Cerebrum,  and  in  applyin;;  it  to  thos« 
Tarinus  states  which  iigree  in  the  common  chnracteriiitic  of  the  existence  of  .Mental  Actirit/ 
without  Volitional  cnnlrdl,  the  Author  considers  (hat  he  is  merely  giving  greater  definite^ 
aeaa  and  a  wider  application  to  Dr.  Laycook's  doctrine. 
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there  fire  many  individuals  whoM  Will  has  never  been  called  into  doe  exerciM, 
and  who  pradually  or  almost  entirely  lose  the  power  of  exerting  it,  becoming  tb« 
mere  creatures  of  habit  and  impulse ;  and  there  are  others  in  whom  (as  ve  »haU 
hereafter  see)  such  states  are  of  occasional  occurrence ;  whilst  in  others,  s^n, 
they  may  be  artificially  induced.  And  it  is  by  the  study  of  those  states  in  wbicti 
the  Will  is  completely  in  abeyance,  —  the  course  of  thought  being  mtirt4y  dete^ 
mined  by  the  influence  of  suggestions  upon  the  Mind,  whose  mode  of  resetjoa 
upon  them  depends  upon  its  original  peculiarities  and  snbsequcntJy-acqaired 
habifs, — and  by  the  comparison  of  such  states  with  that  in  which  an  indiTidnal, 
in  full  possession  of  all  hia  faculties,  and  accui«toniod  to  the  habitual  control  and 
direction  of  bis  thought'',  determinately  flpplies  his  judgment  to  the  fonnation  of 
a  decision  between  various  planR  of  action,  involving  the  appreciation  of  opponog 
motives, — that  we  shall  obtain  the  roost  satisfactory  ideas  of  what  share  the  Wifl 
really  takes  in  the  operations  of  our  minds  and  in  the  direction  of  our  condvcr, 
and  of  wliat  must  be  set  down  to  that  Automatic  operation  of  our  psychical  nature 
which  is  correlated  to  Cerebral  action.' 

589.  This  view,  moreover,  appears  to  the  Aulhor  to  be  capable  of  legitimate 
extension,  from  the  constitution  of  the  Human  mind,  and  its  relation  to  ow 
bodily  organi!?ni,  to  the  notinn  whii"h  we  form  of  the  relation  of  the  Mind  of  tlie 
Deity  (o  that  Universe,  whose  phenomena,  rightly  interpreted,  are  but  a  contiotul 
revelation  of  His  ceaseless  and  universal  presence.  And  it  seems  desirable  bcr» 
to  advert  to  this  subject  (foreign  thoujjb  it  may  seem  to  the  proper  object  of  tbb 
Treatise),  not  merely  for  the  sake  of  showing  that  the  doctrine  here  proponaded 
is  strictly  conformable  to  tbe  hiffbeHt  teachings  of  religion,  but  because  it  teeBi 
to  afford  some  guidatice  towards  the  solution  of  difficulties  which  have  perplexed 
many  deep-thinking  men,  and  which  have  eepeeially  tended  to  keep  Science  lod 
Keligion  apart  from  one  another,  rendering  the  physical  philosopher  either  ao 
avowed  sceptic  or  a  mere  speculative  religionist,  and  inspiring  the  religionist  with 
a  bigotted  horror  of  science. ^ — The  conception  which  each  individual  fonnfl  of 
the  Divine  Nature  (§  Olfi),  depends  in  great  degree  upon  his  own  habits  of 
thought;  but  there  are  two  extremes,  towards  one  or  other  of  which  most  of  tlw 
current  notions  on  this  subject  may  be  said  to  tend,  and  between  which  they 
seem  to  have  oscillated  in  all  periods  of  the  hisrory  of  Monotheism.  These  are, 
JPanthetHtH,  and  Anffmipotnorphum. — Towards  the  Pantheistic  aspect  of  Dehy, 
we  are  especially  led  by  the  philosophic  contemplation  of  Ills  agency  in  external 
Nature;  for  in  proportion  as  we  fix  our  attention  exclusively  upon  the  'laws' 
which  express  tbe  orderly  sequence  of  ita  phenomena,  and  upon  the  'fofMs' 
whose  agency  we  recognize  as  their  immediate  causes,  do  we  come  to  think  of 
the  Divine  Being  as  the  mere  First  Principle  of  the  Universe,  as  an  all-cottipn^ 
hensive  'Law'  to  which  all  other  laws  are  Bubordinatc,  as  that  most  genera] 
'Cause'  of  which  all  the  physical  forces  are  but  manifestations.  This  conception 
embodies  a  great  truth,  and  a  fundumcntal  error.  Its  truth  is  the  recognition 
of  the  universal  and  all-controlliDg  agency  of  the  Deity,  and  of  His  presence  ta 
Creation  rather  than  on  the  outside  of  it.  Its  error  lies  in  the  absence  of  any 
distinct  recognition  of  thiit  con »» tout  volititmal  agency,  which  is  the  essentiij 
attribute  of  Personality;  for  without  thi.s;,  ibe  Universe  in  nothing  else  tktn  a 
greut  self-acting  uiachine,  its  laws  are  but  the  expressions  of  *  surd  necessity,'  and 
all  the  higher  tendencies  and  aspirations  of  the  Human  Soul  are  but  a  '  mockeryt 
a  delusion,  aud  a  snare.' — The  Anthropomorphic  conception  of  Deity,  on  ihe 
other  hand,  arises  from  the  too  exclusive  contemplation  oi  our  aicn  nature  as  iht 

'  The  Author  has  hnd  the  satisfHctioij  of  finding  that  Mr.  J.  D.  Morfll,  who  ha«a«()airt4 

ftor  himself  a  high   pliice  nniong  BritTSili  I'^ycholngists,  hna  considered  bis  rivws  on  the 

tCorreUtion  between  Meotnl  and  NerTous  action  to  be  worthy  of  adoption  iuto  hie  Kwat^y* 

|t»ablitihed  "Elements  of  Peychtilopy ;"  in  which  they  »re  connected  with  n  very  ingcnion* 

!  aofl trine  of  tbe  Soul,  which  Mr.    M.  regards  (with  many  of  the  ol«ler  Philo^opfaerB;  ai 

acting  UfKwjfwciotfaly  in  the  lievelopinent  and  cniijierriition  of  the  Bodj,  as  well  u  mui' 

featiiig  itself  comcioutly  ia  the  pheaometia  cf  Miod. 
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type  of  the  TMvine;  and  althoagh  in  the  highest  form  in  which  it  may  he  held, 
it  represents  the  Deity  as  a  being  in  whom  all  the  noblest  attributes  of  Man'p 
spiritual  easence  are  expanded  to  infinity,  yet  it  ia  practically  limited  and  degraded 
by  the  impossibility  of  /uUt/  realizing  such  an  existence  to  our  minds;  the  fail- 
ings and  iiuperfectiong  incident  to  our  Human  nature  being  attributed  to  tho 
Divine,  in  proportion  as  the  low  standard  of  intellectual  and  moral  development 
in  each  individual  keeps-down  his  idea  of  possible  excellence.  Even  the  lowest 
form  of  any  such  conception,  however,  embodies  (lite  the  Pantheistic)  a  great 
truth,  though  mingled  with  a  large  amount  of  error.  It  represents  the  Deity  as 
a  Person;  that  is,  as  possessed  of  that  Intelligent  Volition^  which  we  recognize 
in  ourselves  as  the  source  of  the  power  we  dcterminately  exert,  through  our 
bodily  organism^  upon  the  world  around;  and  it  invests  Ilim  also  with  those 
Moral  attributes,  which  place  him  in  sympathetic  relation  with  his  sentient 
creatures.  But  this  conception  is  erroneous,  in  so  far  as  it  represents  the  l)ivine 
Nature  as  restrained  in  its  operations  by  any  of  these  limitationB  which  are  in- 
herent in  the  very  conslituttun  of  Man  ;  and  in  particular,  because  it  leads  those 
■who  accept  itj  to  think  of  the  Creator  as  "a  remote  and  retired  meehanidan, 
inspecting  from  without  the  engine  of  creation  to  see  how  it  performs,"  and  as 
either  leaving  iteotirely  to  itself  when  once  it  has  been  brought  into  full  activity, 
or  aa  only  interfering  at  intervals  to  change  the  mode  of  its  operation. 

590.  Now  the  truths  which  thene  views  separately  contain,  are  in  perfect  har- 
mooy  with  each  other;  and  the  very  act  of  bringing  them  into  combination, 
efieots  the  elimination  of  the  errors  with  which  they  were  previously  asswiated. 
For  the  idea  of  the  universal  and  all-controUing  agency  of  the  Deity,  and  of  His 
immediate  presence  throughout  Creation,  ia  not  found  to  be  in  the  least  degree 
JDconsislent  with  the  idea  of  His  personaiity,  when  that  idea  ia  detached  from 
the  limitations  which  cling  to  it  in  the  mtods  of  those,  who  have  not  expanded 
their  anthroporanrphic  conception  by  the  scientific  contemplation  of  Nature.  On 
the  contrary,  when  we  have  once  arrived  at  that  conception  of  Form  as  an  ex- 
pression of  Wt'flj  which  we  derive  froui  our  own  experience  of  its  production,  the 
universiil  and  cnnstantly-sustaining  agency  of  the  Deity  is  recogniKed  in  every 
phenomenoo  of  the  external  Universe;  and  we  are  thmt  led  to  feel  that  in  the 
Material  Creation  itself,  we  have  the  same  distinct  evidence  of  His  personal  ex- 
istence and  ceaaeless  actinty,  as  we  have  of  the  agency  of  intelligent  minds  in 
the  creations  of  artistic  Genius,  or  in  the  elaborate  contrivances  of  Mechanical 
skill,  or  in  those  written  records  of  Thought  which  arouse  our  own  psychical 
Dature  into  kindred  activity. 

591.  0/  Sentationat  CoutcionsneM, — The  origin  of  all  Mental  activity  lies  in 
offectioHi  of  the  Consciousnrs*,  produced  by  imprctsions  made  upon  some  part  of 
our  bodily  organism  that  is  supplied  with  afferent  nerves,  and  transmitted  through 
them  to  the  Sensorium ;  and  affections  of  the  consciousness  thus  directly  occa- 
sioDcd  by  impressions  external  to  it,  are  termed  Sfnsnfi'onif.* — If  it  were  posf>ible 
for  a  Human  being  to  come  into  the  wnrld,  with  a  Bniin  perfectly  prepared  to 
be  the  instrument  of  psychical  operations,  but  with  alt  the  inlets  to  sensation 
closed,  we  have  every  reason  to  believe  that  the  Mind  would  remain  donuant, 
like  a  seed  buried  deep  in  the  earth.  The  attentive  study  of  eases  in  which 
there  is  congenital  deficiency  of  one  or  more  sen.sations,  makes  it  evident  that 
the  Mind  ia  utterly  incapable  of  forming  any  definite  ideas  in  regard  to  those 
properties  of  objects,  of  which  tho^e  particular  sensations  are  adapted  to  laku 
cognizanoe.  Thus  the  man  who  ts  born  blind  can  form  no  conception  of  colour; 
nor  the  conpenitally-deaf,  of  mu-sieal  tones.  And  in  those  lamentable  cases,  in 
which  the  sense  of  Touch  is  the  only  one  through  which  ideas  can  be  called-forth, 

•  Some  Phyuiolopsts,  it  is  true,  have  spoken  of  a  lentation  mthf>ut  eontcioutntm :  but  it 
seems  Tery  desirable,  for  the  sake  of  clearness  and  AccurAcy,  to  limit  the  spplicHtion  of 
the  word  to  the  mental  change,  especiallj  since  the  term  •  impression '  serres  lo  desigaat* 
that  change  in  the  atste  of  the  Nervous  syBtem,  which  is  its  iinmeUiate  antecedent. 
35 
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the  raentnl  operations  necessarily  remain  of  the  simplest  and  most  limited 
ructer,  unless  the  utmost  attention   be  given  by  a  judicious  instnictor,  to 
development  of  the  intellectual  faculties,  and  the  cultivation  of  the  monl  feelinl 
throupb  that  restricted  class  of  ideas  which  there  1.8  a  possibility  of  exritiDg.' 
The  activity  of  the  Mind,  then,  is  just  as  much  the  result  of  it  consciousness 
external  impressions,  by  which  its  faculties  are  called  into  play,  as  the  Life  of  1 
body  is  dependent  upon  the  appropriation  of  nutrient  materials,  and  the  con 
influence  of  external  forces.    But  there  is  this  difference  between  the  two 
that  whilst  the  Body  continually  requires  new  materials  and  a  coDtinoed 
of  external  agencies,  the  Mind,  when  it  has  been  once  called  into  activity, 
has  become  stored  with  ideas,  may  remuin  active,  and  may  develope  new  reUtic 
and  combinations  amongst  these,  after  the  complete  closure  of  the  sensorial  inl 
by  which  new  ideas  can  be  excited  06  externa.     8uch.  in  fact,  is  what  is  contio 
ally  coing-oni  in  the  state  of  Drcaniinp;  but  examples  yet  more  remarkable 
furnished  in  the  vivid  conccptiong  which  may  be  formed  of  a  landscape  or  a 
ture,  from  oral  description,  by  those  who  have  once  enjoyed  sight;  or  in 
composition  of  music,  even  such  as  involves  new  combinations  of  sounds,  by  tl 
who  have  become  deaf,  as  in  the  well-known  case  of  Beethoven,      The  mind 
feeds,  as  it  were,  upon  the  store  of  idctis  which  it  has  laid-np  dnriner  the  actirtly 
of  its  sensory  organs ;  and  not  only  arc  those  impressions  which  it  cotueioia^ 
retains,  worked-up  into  a  never-endint;  variety  of  combinations  and  surcenoni 
of  ideafi,  thus  continuing  to  afford  now  sources  of  mental  activity  even  to  thewj 
end  of  life;  but  those  iuiprcssiona  of  which  the  mind,  though  once  conscioMa 
them,  seems  even  to  itself  to  have  entirely  lost  the  traces,  may  recur  sponttn^ 
ously  and  influence  its  trains  of  thought,  at  periods  long  subsequent  to  tbeir 
reception,      Hcnee  we  seem  justified  in  afiirmiiig   thnt  some   chan^  most  be 
effected  in  the  condition  of  the  Nervous  Centreit,  by  every  impression  of  whieh 
we  become  consciousj  whereby  that  impression  Is  organically  perpetuated,  in  nidi 
a  maoQcr  as  to  allow  of  its  presenting  itself  anew  to  the  cognizance  of  the  miad 
,H  any  future  tiute  wben  it  may  be  excited  frotu  a  passive  to  an  active  conditiciL 
[Examples  of  this  kind  are  occasionally  furnished  in  the  delirium  of  fever  orphrfr 
[nitis;  for  though  it  commonly  happens  that  ideoM  are  thus  recalled,  in  the  6nl 
4nstance,  rather  than  sen^atums,  yet  there  are  some  very  striking  cases,  in  whidi 
'the  scnsiitions  have  been  of  such  a  kind  that  no  definite  idea  could  well  have 
ll>een  attached  to  them  by  the  iudividusil.     A  very  extraordinary  case  of  this  kind 
has  been  recorded,*  in  which  a  woman,  duriajr  the  delirium  of  fever,  continually 
repeated  senfenccs  in  Inngunges  unknown  to  those  around  her,  which  were  foand 
to  be  Latin,  Greek,  and  Hebrew,  chiefly  of  the  Rabbinical  dialect.     Of  theie 
she  stated  herself,  on  her  recovery,  to  be  perfectly  ignorant ;  but  on  tracing  her 
former  history,  it  was  ascertained  that,  in  early  life  she  had  lived  as  servant  with 
a  clergyman,  who  had  been  accustomed  to  walk  op  and  down  his  passage,  repeat- 
ing or  reading  aloud  sentences  in  these  tan^iaees,  which  she  must  have  retaified 
I  in  her  memory  unconsciously  to  herself. — ^Of  the  nature  of  the  change  by  whiek 
Bensury  impressions  are  thus  registered,  it  seems  in  vain  to  speculate ;  there  cm 
be  little  quciition,  however,  that  it  is  in  some  way  dependent  upon  the  ootrttioa 
of  the  Enccphalon,  since  we  see  that  alterations  in  that  function  have  a  marked 
effect  upon  the  Memory.     Thus,  in  the  case  just  cited,  we  can  scarcely  do 
that  {iomc  alteration  either  in  the  circulation  of  the  blood,  or  in  the  qualityfl 
the  fluid,  was  the  cause  of  changes,  which,  operating  in  the  substance  of 
Sensorium,  reproduced  the  former  sensations;  just  as  a  disturbance  of  the  ci 
lation  in  the  retina  occasions  the  sensation  of  flashes  of  light  or  other' 
phenomena  (§  597). 

592.  The  acuteness  with  which  particular  Sensations  are  felt,  is  influenced  io 

*  Of  the  ext«Dt  to  which  this  nat/tc  nccainpIiBhed,  the  well-known  case  of  Laura  Bridfv- 
nan  affords  a  oiost  remarkAbte  ezemptifiGation. 

*  Cokridge's  "  Biographift  Lit«raria,"  vol.  i.  p.  112. 
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a  remarkable  degree  by  the  Attentitm  thoy  receive  from  the  mind.  If  the  mind 
b«  eutirely  inactiTO,  as  in  profound  sleep,  no  eensatiuii  whatever  is  produced  by 
onliDary  impressioas ;  aod  the  same  is  the  case  wbeo  the  attention  is  so  completely 
coDcentrated  upon  some  object  of  thouf^ht  or  contemplation,  that  impressions 
altogether  uacoonected  irith  it  fail  to  make  any  impression  on  the  sensational  con- 
sciousness. On  the  other  hand^  when  the  attention  is  from  any  cause  strongly 
directed  towards  them,  impressions  that  are  very  feeble  in  themselves,  produce 
SiTisations  of  even  painful  acuteoess;  thus  every  one  knows  how  much  a  slight 
itching  of  some  part  of  the  surface  may  be  magniJied  by  the  direction  of  the 
thoughts  to  it,  whilst,  as  soon  as  they  are  forced  by  some  stronger  impression 
into  another  channel,  the  irritatioa  is  no  longer  felt ;  so,  too,  it  must  be  within 
the  experience  of  most  persona,  how  vividly  sounds  are  perceived  when  they 
break-in  upon  the  siillQess  of  the  night,  being  increased  in  strength,  not  only  by 
the  contrast,  but  by  absorbing  the  whole  attention.  An  interesting  experiment 
ifl  meatioaed  by  Miiller,.  which  sbows  bow  completely  the  mind  may  be  uncon- 
0cioaa  of  impressions  communicated  to  it  by  one  organ  of  sense,  when  occupied, 
even  without  a  distinct  effort  of  the  will,  by  those  received  through  another.  If 
we  look  at  a  sheet  of  white  paper  through  two  dififerently-colourcd  glasses  at  the 
same  time  (one  being  placed  before  each  eye),  the  resulting  sensation  is  seldom 
that  of  a  mixture  of  the  colours  :  it'  the  experiment  be  tried  with  blue  and  yellow 
glaaaes,  fur  example,  we  do  not  see  the  paper  of  an  uniform  green  ;  but  the  blue 
is  predominant  at  one  moment,  and  the  yellow  at  another;  or  blue  nebulous 
Bpots  may  present  themselves  on  a  yellow  field,  or  yellow  spots  on  a  blue  6e1d. 
We  perceive  from  this  experiment^  that  the  Attention  may  not  only  be  directed 
to  the  impressions  made  on  either  retina,  to  the  complete  exclusion  of  those  of 
the  other,  but  it  may  be  directed  to  those  made  on  particular  spots  of  either. 
This  may  be  noticed,  ugain,  iu  the  process  by  which  we  make  ourselves  acquainted 
with  a  landscape  or  a  picture;  if  our  Attention  be  directed  to  the  whole  field  of 
vision  at  once,  we  sqo  nothing  distinctly;  and  it  is  only  by  abstracting  ourselves 
from  the  contemplation  of  the  greater  part  of  it,  and  by  directing  oar  attention  to 
smalier  poruons  iu  successiou,  that  we  can  obtain  a  definite  conception  of  the  de- 
tails. The  same  is  the  case  in  regard  to  auditory  impressions;  and  here  the 
power  of  Attention,  in  causing  one  sensatioo  or  series  of  sensations  to  predomi- 
Date  over  others  which  are  really  more  intense,  is  often  moBt  remarkably  mani- 
fested. When  we  are  H.'steniiig  to  a  piece  of  umaic  played  by  a  large  orchestra, 
for  example,  we  may  either  attend  tu  the  combined  effect  of  uU  the  instruments, 
or  we  may  aiogle-out  any  one  part  in  the  harmony,  and  follow  this  through  all  its 
laaEeflj  and  a  persi^in  with  a  practised  ear  (as  it  ia  commonly  but  erroneously 
termed,  it  being  not  the  car  but  the  mijtd  that  is  practised,)  can  even  distio- 
guish  the  sound  of  the  weakest  instrument  in  the  whole  baud,  and  can  follow 
its  strain  through  the  entire  performance.  This  attention  to  a  single  element 
can  only  be  givL-n,  however,  by  withdrawing  the  mind  from  the  perception  of  the 
remainder;  and  a  musician  who  thus  li^nteus,  will  have  very  little  idea  of  the  rest 
of  the  harmonic  parts,  or  of  the  general  effect.  Ia  fact,  when  the  mind  is  thus 
directed,  by  a  strong  effort  of  the  Will,  into  a  particular  channel,  it  may  be  almost 
considered  ae  unconscious  quoad  any  other  impressions;  and  in  tboee  curious 
states  (§§  67'i,  094)  in  which  it  c-an  be  entirely  governed  by  external  suggestion, 
its  att^^ntioQ  may  be  so  completely  concentrated  upon  some  other  objects,  that 
even  the  mos^t  painful  imprcs.sioua  do  not  affect  the  consciousness. 

693.  The  effects  of  Atteiitiou  are  mauifesttid,  not  only  in  regard  to  the  sensa- 
tioujs  which  are  excited  by  external  imprciisionB,  but  also  in  respect  to  those 
which  originate  within  the  system.  Every  one  ia  aware  how  difficult  it  is  to 
keep  the  body  perfectly  quiescent,'  especially  when  there  is  a  particular  motive 
for  doing  so,  and  when  the  attention  is  strongly  directed  to  the  object.  This  ia 
experienced  even  whilst  a  photogenic  likeness  is  being  taken,  when  the  positioi; 

*  Of  course  the  movementa  of  raapiratioo  and  wmking  are  left  ont  of  the  queetion. 
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ia  chosen  by  the  iodividual,  and  a  support  is  adapted  to  assist  him  in  retuung 
it ;  and  it  is  still  more  strongly  felt  by  the  performers  in  the  '  tableaux  tIvuis,' 
•who  cannot  keep  up  the  effort  for  more  than  three  or  four  minntes.     Now  it  is 
well  known  that,  when  the  attention  is  strongly  directed  to  an  entirely  diffi 
object  (when  we  are  listening,  for  example,  to  an  eloquent  sermon  or  an  ini 
ing  lecture),  the  body  may  retnain  perfectly  motionless  for  a  much  longer  period 
the  uneasy  sensations,  which  would  otherwise  have  induced  the  individtul 
change  his  position,  not  being  perceived  :  hut  no  sooner  is  the  discourse  ei 
than  a  simultaneous  movement  of  the  whole  audience  takes  place,  every  one  tbetj 
becoming  conscious  of  Bomc  discomfort,  which  he  seeks  to  relieve.     This  is  tbtj 
case  also  in  regard  to  the  respiratory  sensation  j  for  it  may  generally  be  O' 
that  the  usual  reflex  movements  do  not  suffice  for  the  perfect  aeration  of 
blcx)d,  and  that  a  more  prolonged  inspiration,  prompted  by  an   tmeasiy  fedi 
takes  place  at.  intervals;  but  under  such  circumstances  as  those  just  alloded-l 
this  feeling  ia  not  experienced  until  the  attention  ceases  to  be  engaged  byamoi 
powerful  atimulua,  and  then  it  manifests  itself  by  the  deep  inspirations,  whii 
accompany,  in  almost  every  individual,  the  general  movement  of  the  body. 

594.  It  is  a  general  rule,  with  regnrd  lo  all  8eni*ationa,  that  their  intensity  i 
much  affected  by  Ilahit ;  being  greatly  diminished  by  frequent  and  oon 
repetition.  Thi^  is  not  the  case,  however,  with  regard  to  those  seosatioui 
which  the  attention  is  peculiarly  directed  j  for  these  lose  none  of  their  aea' 
ness  by  frequent  repetition :  on  the  contrary,  they  become  much  more 
cognizable  by  the  miitd  (§  738).  We  have  a  good  example  of  both  facts,  in  th« 
effects  of  Rounds  upon  sleeping  persons  (§§  68fi,  687).  The  general  law,  theo, 
seems  to  be,  that  Sensations,  not  attended  to,  are  blunted  by  frequent  repetition; 
and  this  may  perhaps  be  connected  with  certain  other  general  facts,  which  lie 
under  the  observation  of  every  one. — It  is  well  known  that  the  vividness  of  sen- 
sations depciidfl.  rather  on  the  degree  of  change  which  they  produce  in  the  fjs- 
torn,  than  on  the  ahwhttc  amotint  of  the  inipresfing  force;  and  this  is  the  caaa 
with  regard  alike  to  the  special  and  to  the  ordinary  sensations.  Thus,  our  scos^ 
tioDS  of  heat  utid  cold  are  entirely  governed  by  the  previous  condition  of  the  parti 
affected  ;  as  is  shown  by  the  well-known  experiment  of  putting  one  hand  into  hot 
water,  the  other  into  cold,  and  then  transferring  botli  into  tepid  water,  which 
will  seem  cool  to  one  hand,  and  warm  to  the  other..  Every  one  knows,  too,  how 
much  more  we  are  affected  by  a  warm  day  at  the  commencement  of  summer, 
than  by  an  equally  hot  day  later  ib  the  scuhou.  The  same  is  the  case  in  regard 
to  light  and  souud,  smell  and  taste.  A  person  gning  out  of  a  totally  dark  room 
into  one  moderately  bright,  is  for  the  time  painfully  impressed  by  the  light,  bat 
soon  becomes  buhituuted  to  it;  whi]t>t  another,  who  enters  it  from  a  room  bril- 
liantly illuminated,  will  consider  it  dark  and  gloomy.  Thase  who  are  constantly 
exposed  to  very  loud  noises,  become  almost  unconscious  of  them,  and  are  evea 
undisturbed  by  them  in  illness;  and  tho  niedica!  student  well  knows,  that  even 
the  e^luvia  of  the  dissecting-room  are  not  perceived,  when  the  organ  of  smell 
habituated  tu  them  ;  although  an  intermissiun  of  sufheicnt  length  would,  in  eit 
instance,  occasion  a  renewal  of  the  first  unpleasant  feelings,  when  the  individm 
is  agaiu  subjected  to  the  impression. — Thus  there  seems  reason  to  believe  ihit 
sensorial  changes  of  fi-equent  occurrencCj  produce  a  modification  in  the  nutriti^ 
of  the  Sensorium  itself,  which  (frotcs-to  them,  as  it  were,  just  as  other  \crvi 
Centres  may  he  considered  as  growiug-to  the  mode  in  which  they  arc  babi 
exeroised  (§  515);  for  not  only  would  the  produeiion  of  such  a  modification 
quite  in  accordance  with  the  general  phenomena  of  Nutrition/  but  we  can  scar 

'  We  haTe  b  remarkable  exemplication  of  this,  in  the  tolerance  which  may  be  grad 
established  in  tbe  flystem  for  Tarious  toxic  agents,  especially  for  such  us   ptirtical 
effect  the  Nervous  aubstiuice,  such  aa  Opium  or  Alcohol.     It  (teems  impossible  to  exp 
this  tolerance  on  any  other  hypothesis,  than  that  of  the  nlterntioa  of  the  Qutritioa  of  tli« 
tissue  by  repeated  doses,  so  that  no  farther  change  can  b«  produced  by  the  quantit 
nally  t&keo. 
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otherwise  explain  the  progressive  formation  of  that  connection  hetwecn  sensorial 
changes  and  motor  actions,  which  givea  rise  to  the  '  secondarily  automatic '  move- 
ments (§  540). — ILtnce  it  BceoiB  reasonable  to  attribute  that  diminution  in  the 
force  of  Seosations  which  is  the  consequence  of  their  habitual  recurrence,  to  the 
yraai  of  such  a  chamje  in  the  condition  of  the  Sensorium  as  is  needful  to  produce 
an  impression  on  the  consciousness,  the  effecta  which  they  at  first  induced  being 
DO  longer  experienced  in  the  same  degree,  when  the  Etrueture  of  the  part  has 
accommodated  itself  to  them. 

595.  Feelinpa  of  Pain  or  Pleasure  are  connected  with  particular  sensations, 
which  cannot  (for  the  most  part  at  least)  be  explained  upon  any  other  principle, 
than  that  of  the  necessary  association  of  these  feelinfrs,  by  an  original  law  of  our 
nature,  with  the  sensations  in  question.  As  a  general  rule,  it  may  be  stilted,  that 
the  violent  excitement  of  ant^  sensation  is  disagreeable,  even  when  the  same  sen- 
sation in  a  moderate  degree  may  be  a  source  of  extreme  pleasure.  This  ia  the 
case  alike  with  those  iuipressioos,  which  are  communicated  through  the  organs 
of  sight,  hearing,  smelly  and  taste,  as  with  those  that  are  received  through  the 
nerres  of  oommoo  sensation;  and  there  can  be  no  doubt  that  the  final  cause,  or 
purpose,  of  the  association  of  painful  feelioga  with  such  violent  eicitement,  is  to 
stimulate  the  individual  to  remove  himself  from  wimt  would  be  injurious  io  its 
effects  upon  the  system.  ThuSj,  the  pain  resulting  from  violent  pressure  on  the 
cutaneous  surface,  or  from  the  proximity  of  a  heated  body,  gives  warning  of  the 
danger  of  injury,  and  excites  mental  operations  destined  to  remove  the  part  from 
the  influence  of  the  injurious  cause:  and  this  is  shown  by  the  fact,  that  loss  of 
sensibility  is  frequently  the  indirect  occasion  of  severe  lesions, — the  individual 
not  receiving  the  customary  intimation  that  an  injurious  procosa  is  taking-place.' 
Instances  have  occurred,  in  wbich  violent  inflammation  of  tbc  membrane  lining 
the  air-passagefl,  has  resulted  from  the  effects  of  ammoniacal  vapours  introduced 
into  them  during  a  state  of  syncope, — the  patient  not  receiving  that  notice  of  the 
irritation,  which,  in  an  active  condition  of  his  nervous  system,  would  have  pre- 
vented him  from  inhaling  the  noxious  agent. 

696.  The  feelings  of  I^ain  or  Pleasure,  which  unaccustomed  sensations  excite, 
are  often  exchanged  for  each  other,  wben  the  system  is  haLiluated  to  them  j  this 
IB  especially  the  case  iti  regard  to  iiiipressions  communicated  through  the  organs 
of  Smell  and  Taste,  There  are  many  articles  in  common  use  among  mankind, — 
each  as  tobacco,  fermented  liquors,  ^c,  the  use  of  which  cannot  be  said  to  pro- 
duce a  natural  enjoyment,  since  they  are  at  first  unpleasant  to  most  persons ;  and 
yet  they  first  become  tolerable,  then  agreeahlo ;  and  at  lust  the  want  of  them  ia 
felt  as  a  painful  privation,  and  the  stimulus  must  be  applied  in  an  increasing 
degree  in  order  to  produce  the  usiial  effect, 

597.  It  is  through  the  medium  of  Sensation,  that  we  acquire  a  knowledge  of 

■  The  following  case,  recorded  in  the  "  Journal  of  a  Naturalist,"  affords  a  remftrkabia 
iDStAUoe  of  this  general  fact  The  correctness  of  the  statement  hftytng  been  called  ia 
qaestion,  it  waa  fully  coDtirmed  b;  Mr.  Richard  Smith,  the  late  aenior  Surgeon  of  the 
Briatol  Inflnnai^,  under  whose  care  the  sufferer  had  beea,  '''  A  trarellicg  man,  one  win- 
ter's eTeolng,  laid  himself  down  upon  the  platform  uf  a  lime-kihi,  placing  bis  feet,  proba- 
bly Dumbed  with  cold,  upon  the  heap  of  stunea,  newly  put  on  to  biim  through  the  night. 
Sleep  overcame  bim  in  this  aituattoa;  the  fire  grnduully  rising  and  Increasiug,  until  it 
ignited  tlio  stones  opon  which  hia  feet  were  placed.  Lulled  by  the  warmth,  the  man  slept 
on;  the  fire  increased  until  it  bnrned  one  foot  (which  probably  wos  extended  OTcr  a  Tent- 
hule)  »nd  part  of  the  leg  above  the  ankle  entirely  off,  (K)nauming  that  part  so  effectually, 
that  a  cinder-like  fragment  was  alone  remaining. — and  still  the  wretch  slept  on  I  and  in 
this  stale  wa.s  found  by  the  ktln-maa  in  the  morning.  InseiLiible  to  any  pain,  and  igno- 
rant of  bis  misfortune,  he  attempted  to  rise  and  pursue  hia  journey,  but  missing  bis  shoe, 
requested  to  have  it  found ;  and  when  h«  was  rtiised,  putting  his  burnt  limb  to  the  ground 
to  support  his  body,  the  extremity  of  his  leg-bone,  the  tibia,  crumbled  into  fragments, 
having  been  calciued  into  lime.  Still  be  eipre^ised  do  sense  of  pattt,  and  probably  esperi- 
enced  none;  from  the  gradual  openitiou  of  the  fire,  and  his  own  torpidity  during  the  hours 
his  foot  WAS  consuming.  This  poor  drover  survived  bis  misfortunes  in  the  hospital  about 
a  fortnigbt;  but  the  firo  haviug  extended  Co  other  parts  uf  his  body,  recovery  was  hopeless. 
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the  material  world  around  us,  by  the  psychical  operniions  which  its  ohangee 
cite  in  ourselves.     The  various  kinds  or  modes  of  Seosation  eictte  in  va  twic 
ideas  regardinp  the  properties  of  matter;  and  these  properties  are  known  toi 
only  through  the  chnngps  which  they  produce  in  the  several  organs  that 
tut«  the  Seneorium  (§  591).     But  with  rejrard  to  all  kinds  of  Sensation  it  is  I 
be  remembered,  that  ae  the  change  of  which  the  Mind   is  informed,  is  not 
change  at  the  peripheral  extremities  of  the  nerves,  but  the  change  cominnnial 
to  the  Sensoriuin,  it  hence  refsuUs,  that  external  apencies  can  pive  rise  to  no  kil 
of  sensation,  which  may  not  also  be  produced  by  internal  causes  ezcitinjEr  chanj 
in  the  condition  of  the  nerves  in  their  course,  or  in  the  Sensorium  itself, 
very  frcquencly  happen.<?  in  reprtrd  to  the  senses  of  sight  and  hearing;  fishes  I 
light  being  eeen,  and  ringing  sounds  in  the  ears  being  heard,  when  no 
itimulus  has  produced  such  impressions.     The  pro<luction  of  odorous  and 
ive  BcnsatioDs  from  internftl  caiipns,  is  perhaps  le.«s  common ;   but  the  sei 
lusea  is  more  frequently  e.xrited  in  this  manner,  than  by  the  direct  contaet( 

fjn&useating  substance  with  the  tongue  or  fauces.     The  varions  phases  of  oomi 
ensihility  often  originate   thus;   and   the  sense  of  temperature  is  freqneof 
fectod  without  any  corresponding  affection  of  the  tactile  sensations,  a  per 
»ing  sensible  of  beat  or  of  chilliness  in  eotne  part  of  his  body,  without  any 
Iteration  of  its  temperature.     The  most  common  of  the  internal  causes  of 
tbjecdve  senaations  (as  they  have  been  termed,  in  contradistiDction  to  the 

lUvef  which  result  from  a  real  material  object),  is  congestion  or  inflsmnaation; 

[-it  is  interesting  to  remark  that  this  cause,  operating  through  each  nerve,  prodi 
;in  the  sensorium  the  changes  to  which  that  nerve  uaually  ministers.  Thus,  i 
•  gesti«i  in  the  nerves  of  common  sensation  gives  rise  to  feelings  of  pain  or 

[vSnessj  but  when  occurring  in  the  retina  or  optic  nerve,  it  prodnces  flashes ^ 

Cjiligbt;  and  in  the  auditor}'  nerve,  it  occasions  'a  noise  in  the  ears.'  —  But  furtl 
the  phenomena  of  suhjWtire  pcnsation  often  originate  in  peculiar  conditions  of  1 
Encephalon  itself,  and  not  in  the  organs  of  fiense  or  the  nervous  trunks;  tht 
in  Dreaming,  we  frequently  have  very  vivid  pictures  of  external  objects  present 
to  our  minds  ;  and  we  sometimes  distinctly  hear  voices  and  musical  tones,  or! 
pcrccptiuna  (though  this  is  less  common)  of  tastes  and  odours.  The  pheooment 
f  Spectral  Jlluftioii.si  are  very  nearly  connected  with  those  of  dreaming;  both  mtj 
3e  in  some  degree  inSucnced  by  external  causes^  acting  upon  the  organs  of  m- 
ition,  which  are  misinterpreted  (as  it  were)  by  the  mind,  owing  to  its  state  of 

[^imperfect  operation;  but  both  also  may  entirely  originate  in  the  central  orgaat. 
, There  seems  to  be  no  diflerence,  in  the  feelings  of  the  individual,  between  the 

Laensations  thus  originating,  and  those  which  are  produced  in  the  usual  manner; 

^for  we  find  that,  unless  convinced  to  the  contrary  by  their  reason,  persons  vho 

['Witness  spectral  illusioiiH  believe  as  firmly  in  the  reality  of  the  objects  that  cotne 
before  their  minds,  as  if  the  images  of  those  objects  were  actually  formed  on  their 

Ifetinao.     This  is  another  proof,  if  any  were  wanting,  thai  the  organ  of  sense,  witk 

^thc  nerve  belonging  to  it,  is  but  the  instrument  by  which  certain  changes 
-produced  in  tlie  Sensorium  ;  by  which  changes,  and  not  by  the  immediate  imi 

[lions  of  the  objects,  our  Consciousness  is  really  affected. 

698.  There  is  yet  another  mode,  however,  in  which  Subjective  sensations 
be  excited ;  namely  by  sensations  originating  in  objective  impressions  on 
[Mrts.     Thus  the  irritation  of  a  cbIcuIus  in  the  bladder  gives-rise  to  pain  at 
end  of  the  penis;  di.oease  of  the  hip-joint  w  often  first  indicated  by  pain  in 
knee ;  irritation   of  the  ovary  wiH  cau.se  pain  under  the  mamma ;  various 
orders  of  the  liver  occasion  pain  under  the  left  scapula;  attention  is  often  dnrt 
to  diseases  of  the  heart  by  shoo(ing  pains  along  the  arms;  stimulation  of 
nipple,  whether  in  the  male  or  female,  givei*-rise  to  pecnliar  sensations  referred  I 
the  genital  organs;  the  sudden  introduction  of  ice  into  the  stomach  will 
intense  pain  in  the  supra-orbital  region,  and  the  same  pain  is  frequcotlj  occs- 
ttuned  by  the  presence  of  acid  in  the  stomach,  and  may  I3Q  very  quickly  reliered 
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by  its  oeutralixtttioQ  with  an  alkali.  It  will  be  seen  that  in  most  of  ihene  cases, 
i*  is  impossible  to  refer  the  senaations  to  any  direct  nervtms  connection  with  the 
part«  on  which  the  impressions  are  made;  and  they  caa  scarcely  bo  otherwise  ac- 
oounted-for,  than  by  supposing  that  these  impressions  pro^iaoc  sensorial  changes, 
which  are  referred  to  other  parts,  in  virtue  of  some  central  track  of  comniiiDica- 
tion  with  thcm^  analogous  to  that  through  which  reflex  movements  are  excited. 
There  are  circumstancea,  indeed,  which  seeui  to  render  it  not  improbable,  that 
just  as  the  impression  brought  by  the  afferent  nerves  to  tlie  central  organs, 
excites  a  rc6ex  movement  by  disturbing  the  polarity  of  a  motor  nerve,  it  may 
excite  a  *  reflex  sensation  *  by  diHturbing  the  polarity  of  a  sensory  nerve.  Cer- 
tain  it  is  that,  after  the  long  continunnce  of  some  of  these  reflex  sensations,  the 
organs  to  whioh  they  are  referred  themselves  become  diseased,  althouph  previously 
qaite  healthy  ^  thus,  pain  in  the  testicles  is  frequently  induced  by  irritation 
Having  its  seat  in  the  lower  part  of  the  ^pine,  on  which  if  it  continue,  some 
morbid  affection  of  the  testicio  itself  is  likely  to  supervene;  and  Sir  B.  Brodie* 
has  recorded  several  cnses,  in  whii-ii  'nervous  '  paina  in  various  parts,  apparently 
of  a  purely  subjective  character,  have  been  followed  by  paiti  and  swelling  of  the 
integuments.  These  phenomena  are  perhaps  due  to  that  habitual  direction  of 
the  consciousness  to  the  part,  which  is  prompted  by  the  habitual  sensation  ;  this 
condition,  as  we  shall  see  hereafter  (cijap.  xv.),  being  itself  ade(|uute  to  the 
production  of  changes  in  its  ordiuarv  nutritive  action. 

599.  It  seems  to  be  by  an  innate  law  of  our  constitution,  that  these  subjective 
tensatioos,  whether  origtniiting  at  the  central  terminatious  of  nerves,  or  in  the 
coarse  of  their  trunks,  should  be  referred  by  the  mind  to  the  ordinary  sitUHtious 
of  their  peripheral  extremities  (§  474  i);  even  tliough  these  should  not  exist,  or 
should  be  destitute  of  the  power  of  receiving  impressions.  Thus  after  amputa- 
tions, the  patients  arc  for  some  time  affected  with  setJsationB  (prttbably  escited  by 
irritation  at  the  cut  end.s  of  the  nerves),  which  they  refer  to  the  removed  ex- 
tremities; the  same  bus  been  noticed  in  regard  to  the  eye,  as  well  when  it  has 
been  completely  extirpated,  as  when  its  powenn  have  been  dtstroycd  by  disease. 
The  effects  of  the  Tali.icotian  openition  afford  a  curiously-illustrative  example  of 
this  principle;  for  until  the  flap  of  skin  from  which  the  nose  is  formed,  obtains 
vascular  and  nervous  connections  in  its  new  situation,  the  sensation  pniduoed  by 
trtuching  it  ijs  referre^l  to  the  forehtad.  Another  interesting  illustratioa  of  it 
m'«y  be  obtained  by  the  following  very  simple  experiment : — if  the  middle  finger 
of  either  band  be  croi'sed  behind  the  fore-hnger,  so  that  its  extremity  is  on  the 
radial  side  of  the  latter,  and  the  etids  of  the  two  firi^gers  thas  dispo.<>cd  be  rolled 
orer  a  marble,  pea,  or  other  round  body,  a  sensation  will  be  produced,  whiih,  if 
uneorreetcd  by  reason,  would  cause  the  mind  to  believe  in  the  existence  of  two 
distinct  bodies;  this  is  due  to  the  impression  being  made  at  the  same  time  upon 
the  radial  side  of  the  furc-fioger,  and  the  ulnar  side  of  the  middle  finger,  —  two 
spots  which,  in  the  natural  poijition,  are  at  a  con.'sidnrablo  diatanec.  —  Sensations 
of  a  purely  Subjective  nature  may  excite  precisely  the  same  muscular  movements, 
or  other  changes  in  the  bodily  system,  as  do  similar  sensations  produced  by  ob- 
jective realities.  Of  this  we  have  abundant  evidence  in  the  effects  of  sensations 
oalled-up  by  ideas  (§§  549,  602) ;  the  following  example,  however,  is  peculiarly 
valoable,  as  showing  that  the  sensation  still  operates  in  directing  movoment,  even 
tlKNIgll  there  be  aa  intelUctual  conscioui^ness  that  there  is  no  objective  cause  for 
it,  and  that  the  movement  is  consecjuently  inappropriate.  A  lady  nearly  con- 
nected with  the  Author,  having  been  frightened  in  childhfX»d  by  a  black  cat, 
which  sprang'Up  from  beneath  bcr  pillow  just  as  she  was  laying  her  head  upon  it, 
was  accustomed  for  many  years  afterwards,  whem-ver  she  was  at  all  indisposed^  to 
•ee  a  black  cat  on  the  ground  before  her;  and  although  perfectly  aware  of  the 
speotraJ  character  of  the  appearance,  yet  she  could  never  avoid  lifting  her  foot  as 
if  (0  step  over  the  cat,  when  it  seemed  to  be  lying  in  her  path. 
*  '■  Ou  Local  Nerroua  Affections,"  1837. 
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600.  It  h  remarkable  that  not  merely  are  Subjective  sensations,  like  ill  othen, 
rendered  more  intense  by  the  direction  of  the  attention  to  thena,  but  tbcyiMj 
be  actually  called  into  existence  by  the  fixation  of  the  attention  on  certain  part* 
of  the  body;  and,  with  yet  greater  force,  by  the  belief  in  the  existence  of  ob- 
jective causes  for  such  jiensatioDg.  The  'effecta  of  mental  attention  on  bodil); 
organs'  have  been  specially  pointed-out  by  Sir  H.  Holland;'  from  wha«e  exam- 
ples the  following  may  be  cited  in  proof  of  the  foregoing  position.  "The  atU?o- 
tion  concentrated,  for  so  by  an  effort  of  will  it  may  be,  on  the  bead  or  gensoriuin, 
gives  certain  feelings  of  tension  and  uneasiness,  caused  possibly  by  some  change 
in  the  circulation  of  the  part ;  thougb  it  may  be  an  effect,  however  difficult  to  be 
;«onccived,  on  the  nervous  system  itself.  Persistence  in  thia  effort,  which  ii 
"  eklom  indeed  possible  beyond  a  short  time  without  confusion,  produces  ronUi 
of  much  more  complex  nature,  and  scarcely  to  be  defined  by  any  common  tenni 
of  language,"  "Stimulated  attention  will  frequently  give  a  local  sense  of  arte- 
rial pulsation  where  not  frequently  felt,  and  create  or  augment  those  sinpng 
noises  in  the  ears,  which  probably  depend  on  the  circulation  through  the  capil- 
lary vessels."  A  similar  direction  of  consciousness  to  the  region  of  the  stomach, 
"creates  in  this  part  a  sense  of  weight,  oppression,  or  other  less  definite  unetn- 
ness;  and,  when  the  stomach  is  full,  appears  greatly  to  disturb  the  due  digertioa 
of  the  food.  The  state  and  action  of  the  bowels  are  much  influenced  by  the 
same  cause,"  A  peculiar  sense  of  weight  and  restlesCTiess  approaching  to  crwup. 
18  felt  in  a  limb,  to  which  the  attention  is  particularly  directed.  So,  ignin,  if 
the  attention  be  steadily  directed  to  almost  any  part  of  the  surface  of  the  body, 
Bome  feeling  of  itching,  creeping,  or  tickling  will  soon  be  experienced. — Tb« 
fact  that  sensations  may  be  miMlipit^d  by  previous  beliefs,  which  must  be  wilbia 
the  experience  of  every  one,  is  remarkably  illustrated  by  the  well-known  excli- 
mation  of  Dr.  Pearson,  "  Bless  me,  tow  htavy  it  is."  when  he  first  poised  upon 
bis  finger  the  globule  of  potaKiiim  produced  by  the  battery  of  Davy ;  bia  pfe- 
conception  of  the  coincidence  between  metallic  lustre  and  high  specific  gravity, 
causing  him  to  feel  that  as  ponderoua,  which  the  unerring  test  of  the  baltnoft 
determined  to  be  lighter  than  water.  ~ 

601.  Of  the  absolute  prodxiction  of  Subjective  sensations  by  the  conviction 
the  existence  of  their  objective  causes,  the  two  following  ca.se8,  related  by 
Bennett,*  are  very  satisfactory  examples  ;  the  effect  of  the  i<lea  not  being  limited' 
to  the  production  of  the  sensations,  but  extending  itself  to  the  consequences  which 
would  have  followed  those  sensations  if  their  suppos^^ed  cause  bad  been  real.  '*  A 
clergyman  told  me,  that  some  time  ago  suspicions  were  entertained  in  his  pari»h, 
of  a  woman  who  was  supposed  to  have  poisoned  her  newly-born  infant.  Th« 
coffin  was  exhumed,  and  the  procurator-fiscal,  who  attended  with  the  medical  men  « 
to  examine  the  body,  declared  that  he  already  perceived  the  odnur  of  decompoi^ri 
sition,  which  made  him  feel  faint,  and  in  cousequence  he  withdrew.  But,  Oi^H 
opening  the  coffin,  it  was  found  to  be  empty ;  and  it  was  afterwards  ascertained 
that  no  child  had  been  born,  and  consequently  no  murder  committed." — The 
second  ease  is  yet  more  remarkable.  "  A  butcher  wns  brought  into  the  shop  of 
Blr.  Maefarlan,  the  druggist,  from  the  market-place  opposite,  labouring  under  a 
terrible  accident.  The  man,  on  trying  to  hook-up  a  heavy  piece  of  meat  abore 
his  head,  slipped,  and  the  sharp  bonk  penetrated  hia  arm,  so  that  he  himself  waa 
suspended.  Od  being  examined,  he  was  pale,  almost  pulseless,  and  expreaMd 
himself  aa  suffering  acute  agony.  The  arm  could  not  be  moved  without  caosiog 
PXCCBsive  pain  ;  and  in  cutting-off  the  sleeve,  ho  frequently  cried  out ;  yet  whea 
the  arm  was  exposed,  it  was  found  to  be  quite  uninjured,  the  h(X)k  having  only 
traversed  the  sleeve  of  his  coat!" — In  this  and  similar  cases,  the  sensation  wM 
perfectly  real  to  the  individual  who  experienced  it;  but  it  originated  in  a  Cere- 

*  See  hia  vnluable  Ebs&j  on  that  subject  in  his  "  Medical  Not«a  and  Reflectioii«,"  and  ia 
ait  "  Chftpters  on  Mental  Phyeiology." 

*  "  The  Mesmeric  Mauia  of  IS&l."    Ediaburgli,  1861. 


ilanoftj 
on  o^H 


^ 


OF  SENSATIONAL  CONSCIOUSNESS. 


553 


bral  (ideational)  change,  whicb  produced  its  impression  through  the  nerves  of 
internal  sensatioD  (§  560),  inatead  of  in  an  impression  upon  the  nerves  of  the 
external  gcnscs  to  which  it  was  referred.  Of  this  kiod  of  uctioQ  wo  shall  see 
other  examples,  in  the  production  of  sensations  bj  '  su<^gostion'  in  the  state  of 
artificial  Reverie  (§  672).  And  the  cxcitcmeut  of  the  peculiar  sensation  of  tick- 
ling iti  a  '  tiokli&h'  person  by  anj  movement  that  suggests  the  idea,  and  of  that 
of  creepioe  or  itchiog  by  the  meution  of  bcd-infeatin^  insects  to  those  who  are 
peculiarly  Httble  to  their  attacks,  are  familiar  iostances  of  the  same  fact;  which 
strongly  confirms  the  general  doctrioes  heretofore  advanced,  respecting  the 
analogy  between  the  peripheral  surface  of  the  Cerebrum  aud  the  peripheral 
expansions  of  the  Sensory  nerves^  aa  regards  their  mutual  relations  to  the 
Sensorium  (^§  577). 

602.  On  the  same  level  with  the  simple  feelings  of  pleasure  and  pain  which 
are  associated  with  our  Senuational  consciousness,  but  distinct  from  these  in  the 
niBDDer  in  which  they  aifect  us,  are  those  general  feelings  of  personal  tcell-being, 
or  of  its  reverse  malaise,  which,  whilst  so  intimately  connected  with  states  of  the 
bo<lily  system  as  to  be  produeible  by  them  alone,  are  also  the  rudimentary  forms 
of  those  higher  psychical  states  which  we  term  Euiotious.  Tiicse  feelings,  in 
their  lowest  stage  of  developmetit,  are  purely  subjective;  the  individaal  being 
aimply  conscious  of  them,  and  not  referring  them  to  any  external  source.  There 
are  many  persons  who  are  so  keenly  susceptible  of  both,  that  they  pass  their 
whole  lives  in  an  alternation  between  c/wer/iifness  and  <hpr^uion ;  the  former 
Btate  being  favoured  by  freedom  from  anxiety,  by  the  healthful  activity  of  all  the 
organic  functions,  by  a  bright  sun  and  a  dry  bracing  atmo.>vphcre ;  whilst  the 
latter  is  immediately  induced  by  mental  disquietude,  by  a  slight  disorder  of 
digestion  or  excrutionj  or  by  a  dull  oppressive  day.  And  a  conourrence  of  favour- 
able conditions  may  even  exalt  this  C'lFiupsthe^iis  (or  self-fecliag)  into  t-jchilaralfon 
or  absolute yoy;  whilst  the  cotnbioed  inlluence  of  those  of  the  opposite  kind  may 
produce  yloom  which  may  be  exaggerated  almost  to  despair.  The  condition  of 
'  the  spirits'  (as  these  mental  affectioos  arc  comuiouly  designated)  most  to  be 
desired,  however,  is  that  of  tranquil  comfort;  for  this  is  far  more  favourable 
than  the  alternation  of  extremes,  to  healthful  activity  and  to  sustained  energy, 
both  of  body  and  of  mind.  And  this  may  be  cherished  by  cultivating  the  habit 
of  Volitional  self-restraint  (§  462),  whereby  any  tendency  to  undue  exhilaration 
is  mwlerated,  and  excessive  depression  is  resisted  by  a  dcterniinttte  effort  not  to 
yield  to  iL — The  siime  states  of  consciousness  may  be  excited  by  causes  purely 
Psychical ;  aud  although  we  are  then  accustomed  to  desigaate  them  as  Emotions, 
yet  their  nature  atid  their  scat  are  probably  the  same  in  the  one  caso  aa  the 
other.  For  if,  like  the  Sensations  with  which  they  are  so  closely  associated,  they 
are  impressed  on  our  conscbuaness  by  the  instrumentality  of  the  Sensory  Ganglia, 
it  is  easy  to  sec,  on  the  principles  already  explained,  how  they  may  be  called 
into  activity  by  impressions  conveyed  thither  by  the  'nerves  of  the  internal  senses,* 
as  well  as  by  those  which  arrive  there  tlirough  the  'nerves  of  common  sensation' 
which  are  distributed  through  the  body.  It  often  happens,  moreover,  that  the 
impresaion  thus  made  upon  the  'Emotional  sensibility'  is  more  persistent  than 
the  mental  state  which  gave  rise  to  it ;  for  after  some  disagreeable  oecurrence, 
or  the  receipt  of  ill-tiding:s,  we  feel  an  abiding  consciousness  of  discomfort  or 
distress,  although  we  determinately  keep  from  our  mental  view  the  recollection 
of  the  unpleasant  idea,  in  order  that  we  may  not  be  dii^turbed  by  dwelling  too 
painfully  on  it.  It  may  often  be  observed,  moreover,  that  when  the  passions 
nave  been  excited  in  states  of  Soninanibulistn,  Hypnotism,  &c.,  a  disturbed 
(kenaaUhesit  is  carried-on  into  the  ordinary  state,  although  the  'subject'  is  alto- 
gether unconscious  of  tlie  nature  or  cnusea  of  the  Emotional  paroxysm,' — There 
are  few  other  forms  of  Emotional  sensibility,  which  are  bo  completely  subjective 

*  For  a  remarkable  cnse  of  this,  see  the  Auther'a  Art.  SUep,  in  the  *'  Cyclop,  of  Anat. 
and  Fhya.,"  vol-  iv.  p.  6S3. 
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an  the  foregoing ;  most  of  them  having  reference  to  some  object  which  ii  fdt  to 
be  external  to  self,  and  therefore  belooging  to  the  next  catepory.  But  we  w«rm 
juatitipd  in  referring  to  thie  group,  >»  being  nearly  allied  to  the  foregoing,  ihoagh 
BCiirccly  capable  of  being  grouped  together  with  them,  t?ie  tense  of  tnjot/met  in 
activity,  and  its  converse  the  scum  nf  tnJiuTn  in  tnacticity  (cotQiuonlj  known  u 
ennui)]  both  of  wbieh  ure  purely  sabjoctive  stutes,  and  are  obTiously  mzti- 
festod  by  the  lower  aoimals,  chiefly,  however,  in  connection  with  their  MOg 
functions,  whilst  in  Man  it  is  the  want  of  mental  oocapfttion  that  is  the  chief 
Bource  of  Ennui. 

003.   Perceptive  and  Intuitional  Contcio'utnest. — Neither  the  operations  of  lb* 
Intellectual  rowers,  nor  the  higher  Emotional  states,  are  immediately  called- 
forth  by  the  Sensational  consciousness  ;  for  if  we  do  not  advance  beyond  this,  wc 
merely  recognize  the  fact  that  certain  changes  have  occurred  in  oar  own  'nib 
jective  state,  and  do  not  refer  these  changes  to  any  external  or  <  objective '  source. 
Of  such  a  lituitatton,  we  occasionally  meet  with  examples  among  the  phenooiem 
of  Dreaming,  and  in  some  of  the  conditions  reKultine  irom  the  nse  of  Anaatlwdo 
jents;  for  if  we  fall  asleep  whilst  suffering  from  bodily  pain,  we  may  enllrelj 
)osc  all  perception  of  the  cause  of  that  pain  as  havinor  its  seat  in  our  own  bodily 
[iJibric,  and  yet  remain  conscious  of  a  perturbed  state  of  feeling  ;  and  when  a  snr- 
Igical  operation  in  performed  in  a  state  of  incomplete  Anoesthesia,  it  is  obTiou 
Vthat  pain  is  felt  without  any  dii^tinct  consoiouBness  of  its  source,  and  the  padeat 
kjuay  aubsequently  describe  bis  state  as  an  uneasy  dream.     Buch^  it  is  probably 
lis  the  oonditlun  of  the  Infaut  at  the  commencement  of  its  psychical  life.    '  If,'  ■ 
.bas  been  well  remarked  by  Mr.  Morell,'  **  we  could  by  any  meana  transport  ou^ 
■elves  into  the  u^iad  of  an  infant  before  tbe  perceptive  consciousness  is  awakeoed, 
we  should  hnd  it  in  a  state  of  absolute  isolation  from  everything  else  in  theworid 
around  it.     Whatever  objects  may  be  presented  to  the  eye,  the  ear,  or  tiht 
.toacb,  tbey  are  treated  simply  as  subjective  feelings,  without  the  mind's  poaww 
ing  any  con-sciousnesa  of  them,  a*  objects  at  all.     To  it,  the  inward  world  Ii 
tvert/thini/,  the  outward  world  is  nothing." — However  difficult  it  may  be,  un^ 
the  iuftuence  of  our  life-long  experience,  to  dissociate  any  sensation  of  which 
are  cognizant,  from  the  notion  of  its  external  cause — since  the  moment  the 
ing  is  experienced,  and  the  mind  is  directed  to  it,  the  object  from  which  itarifl 
is  immediately  suggested, — yet  nothing  is  more  certain  than  that  all  of  which*' 
are  ourselves  conscious,  in  any  case  whatever,  is  a  certain  interna]  or  subject 
state,  a  change  in  our  previous  consoiotLsness ;  and  that  the  mental  recognitii 
of  the  object  to  which  that  change  is  due,  is  dependent  upon  a   higher  met 
process,   to  which   the  name  of  Perception  or  Perceptive    C'onicioumcti  18  OO* 
generally  accorded.     We  may  recognize  the  manifestation  of  this  proeess  in  the 
child,  as  it  advances  beyond  the  first  few  months  of  its  helplessness.     ''A  sig^ 
or  a  sound,"  remarks  Mr.  Morell  (Up.  cit.),  "  which  at  first  produced  simply  !■ 
iavuluntary  start,  now  awakens  a  smile  or  a  look  of  recognition.     The  mind  ii 
evidently  struggling  out  of  itself;  it  begins  to  throw  itself  into  the  objects  aroand, 
and    to  live  in   the  world  of  outward  realities."     A  f>imi]ar  transition,  more 
rapidly  effected,  may  be  distinguished  in  ourselves,  during  the  paf«age  froa 
sleep,  or  from  the  insensibility  of  a  swoon,  to  the  state  of  complete  wakefolneM^ 
when  we  are  at  first  conscious  only  of  our  own  sensations,  and  gradaallj  oone  io 
the  knowledge  of  our  conditi^^n  as  it  relates  to  the  world  aroand,  aad  of  tlia 
position  and  ciroumstauces,  now  and  strange  as  they  may  be,  in  which  we  find 
ourselves. 

604.  Now  the  apprehention,  or  formation  of  an  elementary  notion,  of  the  oa«- 
neM  or  externality^  of  the  cause  of  a  eensatioDal  change,  is  an  operation  whid 
'  "  Philoaophy  of  Religion,"  p.  7. 

*  This  term  is  to  be  uoderetood  in  tb?  pr«8«nt  inquiry,  as  implying  what  {■  «xt«nial  If 
tbe  mind.  Viewed  in  that  nspcct,  the  hodilj  organisiD  stands  in  the  »aaie  kind  of  rtlalita 
to  tt,  as  does  the  world  beyond  :  and  tbe  changes  in  the  former  which  give  rise  to  If  noiHiMib 
are  as  much  objective  as  are  thuac  of  the  Intter. 
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ind  seems  necessarily  to  perform,  wben  it  has  atiaioed  a  certain  stage  of 
dereloptiicnt ;  iustiDctivelj  or  intuitively  making  a  definite  distinction  between 
tbe  t«l/  and  the  not-$df,  the  tuhjtct  and  the  object.     We  do  not  in/er  the  exist- 
hnce  of  objective  realities  by  any  act  of  the  lleason ;  in  fact,  the  strict  applica- 
loD  of  logical  processes  tends  rather  to  shake  than  to  coDlirm  the  belief  in  the 
temal  world ;  but  the  quulities  of  matter  ore  directly  and  immediately  recog- 
lized  by  our  miods,  and  we  gradually  learn  to  interpret  and  combine  the  impres- 
ions  they  nvake  upon  our  consciouanessj  so  as  to  derive  from  them  a  more  orlesa 
lefinite  notion  of  the  object.     Some  of  these  notions  are  so  ^mple,  and  bo  con- 
stantly excited  by  certain  sensationg,  ibat  we  can  scarcely  do  otherwise  than 
Ittribute  their  formation  to  original  and  fundamental  properties  of  the  mind, 
lied  into  activity  by  the  seDsationa  in  question;  thus,  the  notion  of  hnrdne*s 
ms  to  connect  itself  from  the  first  with  the  sense  of  absolute  resistance,  the 
otion  of  direction  with  the  cons{:i:ouBDess  of  diversity  of  parts  in  the  visual  pic- 
ture.    Such  perceptions  are  said  to  be  intuitive  or  original.     In  other  cases, 
owever,  the  notions  are  connected  with  the  sensations  by  habit  alone ;  and  it  is 
ntirely  due  to  the  association  which  gradually  establishes  itself  between  them, 
that  the  one  calls-up  the  other.     This  ia  certainly  the  case  with  regard  to  those 
)crception8  of  the  relative  distances  of  remote  objects,  which  are  based  upon  oar 
pprehension  of  their  sizes,  the  distinctness  with  which  they  are  seen,  &o.  (§  764); 
jut  with  regard  to  our  visual  perception  of  solidity  or  projection  (§  761),  which 
iepends  upun  an  appreciation  of  the  relative  distances  of  the  several  parts  of  a 
mear  object  (§  763},  it  will  be  shown  to  be  questionable  whether  this  is  intuitive, 
ir  whether  it  is  acquired  by  the  early  combination  of  the  visual  and  tactile  sense- 
rceptions.     Certain  it  is,  that  during  the  period  of  infancy,  a  very  rapid  and 
energetic  process  of  self-eduoation  is  going  on ;  the  wfiole  mind,  so  far  as  it  is  yet 
developed,  being  concentrated  upon  its  perceptive  activity.     And  the  judicious 
ent  or  nurse  will  favour  this  process,  by  supplying  a  sufficient  variety  of  ob- 
ecta  on  which  it  may  be  advantageously  exercised. — When  once  a  complete 
nterpretation  has  thus  been  attained,  of  any  particular  group  of  sensations,  it  so 
immediately  occurs  to  the  consciousness  whenever  those  sensations  maybe  renewed, 
,•8  to  have  all  the  directness  of  an  original  perception ;  and  thus  it  is  very  di£&- 
h,  at  later  periods  of  life,  to  discriminate  the  perceptions  which  are  really 
intuitive,  from  those  which  have  been  acquired  during  infancy.     It  would  be 
wrong  to  draw  inferences  on  this  point  from  the  actions  of  the  lower  animals  ;  for 
'd  those  caaes  in  which  the  young  are  dependent  from  the  first  on  the  exertion 
of  their  own  powers,  it  i&  obvious  that  they  have  a  larger  range  of  intuitive  per- 
ceptions, than  is  possessed  by  those  which  derive  their  early  eustenauce  from  their 
|>arent8.     Many  of  them,  for  example,  manifest  a  guiding  appreciation  of  direo- 
tion  and  distance,  which  Man  can  only  gain  by  long  experience.     Thus,  a  fly- 
catcher just  come  out  of  its  shell,  may  be  seen  to  peck-at  and  capture  an  insect, 
with  an  aim  aa  perfect  as  if  it  had  been  all  ita  life  engaged  in  learning  the  art. 
Still  more  remarkable  is  the  perception  that  guides  the  actions  of  a  little  fish,  the 
Ohxtodon  rottratw^  which  shoots-out  drops  of  fluid  from  its  prolonged  snout,  so 
SB  to  strike  insects  that  happen  to  be  near  the  surface  of  the  water,  thus  causing 
them  to  fall  into  it,  so  as  to  come  within  its  own  reach.     Now  by  the  laws  of  re- 
fraction of  light,  the  real  place  of  the  Insect  in  the  air  wilt  not  be  that  at  which 
it  appears  to  the  Fish  in  the  water;  but  it  will  be  a  little  below  its  apparent 
place,  and  to  this  point  the  aim  must  be  directed.     But  the  difference  between 
the  real  and  the  apparent  place  will  not  be  constant ;  for  the  more  perpendicu- 
larly the  rays  enter  the  water,  the  leBs  will  be  the  variation  ;  and,  on  the  other 
lund,  the  more  oblique  the  direction,  the  greater  will  be  the  difference.     Now  it 
is  impossible  to  imagine  but  that,  by  an  intuitive  perception,  the  real  place  of  the 
Insect  is  made  known  to  the  Tiah  in  every  instance,  as  perfectly  as  it  could  be  to 
the  most  sagacious  Human  mathematician  who  might  determine  it  in  each  casa 
by  a  process  of  calculatioa,  or  to  a  clever  tsmrksmaa  who  had  learned  it  prarti- 
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cally  by  a  long  experience.  The  Fisb,  however,  simply  actt  Mpon  Bucb  Vntnr- 
ledge,  prompted  by  an  instinctive  impulse  to  do  so ;  vbilst  Mao,  even  in  the 
lowest  stage  of  his  culture  (as  when  in  the  condition  of  the  child  or  the  wv^), 
ooneciously  separates  his  own  personality  from  the  object  which  exdtet  hia 
mental  activity;  and  thus  only  can  he  lay  the  foundation  for  exercinog  thit 
hipher  Intellij;ence,  which  supersedes  in  hini  the  Instinct  of  the  lower  animils. 

605.  The  formation  of  arquired  perceptions,  and  their  gradual  assamption  of 
the  immediate  character  of  those  which  belong  to  our  original  constitntioo  (tlia 
deserving  the  designation  of  secon(fartfi/-intnitive),  bear  a  striking  analogj  totbe 
process  by  which  habitual  tuovcmeuts  come  to  be  linked-on  to  the  sensations  that 
prompt  them,  so  as  at  last  to  be  antomattcally  performed^  although  origioilly 
guided  by  the  Will  (§  540).  And  it  can  scarcely  be  regarded  as  improbable, 
that,  in  the  one  case  as  in  the  other,  the  nervous  mechanism  gTotci-to  partiflilir 
modes  of  activity  f§  615);  so  that  successions  of  action  arp  uniformly  excited 
by  particular  stimuli,  which  were  not  provtdcd-for  in  its  original  constmctioci. 
Such  a  vTew  harmonizes  well  with  the  fact,  that  such  associations,  both  betreen 
sensations  and  respondent  movements^  and  between  sensations  and  respoodeai 
ideas,  arc  formed  much  more  readily  daring  the  period  of  childhood  and  idole^ 
cence,  than  they  are  after  the  full  measure  of  development  has  been  attuned; 
and  that  they  are  much  more  durable  in  the  former  case  than  in  the  latter.  For 
that  which  has  been  already  pointed-out  with  regard  to  the  nutrition  of  olber 
tissues  (§  346),  miiy  not  unreasonably  be  applied  to  the  Nervous  system;  tint, 
when  once  a  certain  mode  of  nutrition  has  been  fully  established,  it  tends  to 
perpetuate  itself,  provided  that  it  be  not  altogether  unconformable  to  the  origiaa! 
type.  Throughout  the  whole  constitution  of  Man,  physical  and  mental,  we  irit- 
ness  this  capacity  of  adaptation  to  a  greut  variety  of  circumstances ;  and  it  aMtu 
to  be  purpo.sely  left  to  Man  to  educate  himself  in  accordance  with  those  cirram- 
stances,  so  that  he  gradually  atquires  those  modes  of  action,  which  in  other 
animals  ore  directly  prompted  by  instinctive  or  intuitive  tendencies.  Heon 
although  placed  at  a  disadvatitjjge  in  comparison  with  them,  during  the  eariier 
periods  of  his  life,  he  is  enabled  ulttraatcly  to  attain  to  a  far  wider  range  of  per- 
ceptive appreciation,  than  that  to  which  they  are  liiuited;  there  being,  in  net, 
no  class  of  sensory  imprcHsions,  from  which,  by  habitual  attention  to  them,  be 
may  not  draw  information  of  a  far  more  precise  and  varied  nature  than  tbej 
seemed  at  first  to  be  capable  of  affording. 

606.  We  have  seen  thut.  fur  the  production  of  a  Sensation,  a  consciotu  state  o^ 
mind  is  all  that  is  required ;  whilst,  on  the  other  hand,  for  the  exercise  of  tibi 
Perceptive  power,  a  certain  degree  of  af fen /ioti  is  requisite;  or,  in  other 
the  Mind  must  he  direc(t:vf  towarfh  the  scTi^ation.  And  thus  it  happens 
when  the  mind  is  either  inactive,  or  is  completely  engrossed  by  some  other  sab- 
ject  of  thought,  the  sensation  may  neither  be  perceived  nor  remembered,  not- 
withstanding thnt  we  have  evidence  derived  from  the  respondent  moyementa  rf 
the  body,  thut  it  has  been  felt.  Thus  a  person  in  a  state  of  imperfect  sleep  msj 
start  at  a  loud  sound,  or  may  turn-away  from  a  light  shiniug  on  his  face; 
conscious  of  the  sen.«iatioD  and  noting  automatically  upon  it,  but  forming  no 
of  apprccittiion  of  the  externality  of  its  source.  And,  in  like  manner,  a 
in  a  state  of  profound  Abstraction  (§671)  may  perform  many  automatic 
ments,  which  cannot  (so  far  as  we  know)  be  excited  except  through  the  mediom 
of  sensation  ;  and  yet  the  exciting  sensations  are  neither  perceived  by  him  at  the 
time,  nor  are  they  afterwards  n'nieui bored  ;  so  that  when  he  is  aroused  from  bis 
reverie,  he  may  be  astonished  to  find  himself  in  circumstances  altogether  different 
from  those  under  which  he  passed  into  it.  Sometimes,  however,  the  sensorial 
impret<i^ion  may  excite  a  sort  of  imperfect  perception,  which  is  subeequeoilj 
remembered  and  completed.  For  example,  tlio  student  who  does  0bt  bear  tiM 
repeated  strokes  of  the  clock  when  his  mind  is  entirely  given-up  to  his  obj 
pursuit,  may  have  a  sort  of  vague  consciousness  of  them  if  his  atteatioD 
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eompleiely  engrossed  by  his  studies ;  and  akbongh  the  sounds  may  not  an<:^^st 
mi  the  moment  any  distinct  idea  of  the  passage  of  time,  yet,  when  he  subsequently 
gives  bis  attention  to  the  sensoriaJ  impression,  he  may  remember  to  have  heard 
the  clock  strike,  and  may  even  be  able  to  retrace  the  number  of  strokes.'  When 
the  AlteDtion  is  directed,  however,  to  the  sonorous  impressions  (as  when  we  are 
litt^iiMj  for  the  striking  of  the  clock),  or  when  it  is  not  so  closely  fixed  on  any 
other  object  as  to  prevent  it  from  buinp  attracted  by  the  sensational,  the  sounds 
aire  not  only  recognized  as  proceeding  from  an  external  source,  which  is  a  simple 
met  of  Perception,  but  the  sensatinns  which  we  perceive  are  discriminated  from 
mil  others  of  like  nature ;  and  it  is  by  this  kind  of  mental  intensification  of  the 
perceptive  change  to  which  they  give  rise,  that  the  sensations  themselves  are 
impressed  with  so  much  additional  force  on  our  consciousness,  as  to  seem  extra- 
ordinarily incresiflcd  in  acutcness.  Although  we  are  accustomed  to  see  this  chiefly 
in  cases  where  some  particular  kind  of  perceptive  acutcness  has  been  acquired 
by  h^bit,  yet  we  may  learn  from  certain  phenomena  of  Somnambulism  (both 
spontaneous  and  artiGcial)  that  nothing  more  is  needed,  than  that  concentration 
of  the  whole  mind  upon  the  sensorial  iadicatious,  which  is  the  natural  state  of 
the  Infant  (§  694). 

607-  The  attainment  of  that  grade  of  Mental  development  which  enables  U8 
to  apprehend  the  objective  reality  of  external  things,  seems  to  give  us  also  cer- 
tmio  elementary  intuitions  in  regard  to  them,  which  are  nearly  akin  to  i\\Q  fecl- 
%ng»  immediately  associated  with  .Sensations  (§  002),  but  which  constitute  the 
genus  (so  to  speak)  of  higher  forms  of  consciousness.  Thus  the  ^-Esfhetic  sense 
of  the  beautiful,  of  the  sublime,  of  the  harmonious,  &c.,  seems  in  its  most  e!e> 
inentary  form  to  connect  itself  immediately  with  the  perceptions  which  arise  out 
of  the  contact  of  our  Minds  with  external  Nature.  "  All  those"  says  Mr.  Morell, 
•*  who  have  shown  a  remarkable  appreciation  of  form  and  beauty,  date  their  first 
impressions  from  a  period  lying  far  behind  the  existence  of  definite  ideas  or 
verbal  instruction.  The  germs  of  all  their  ^-Esthetic  impressions  manifested 
themselves,  first  of  all,  as  a  spontaneous  feeling  or  instinct,  which,  from  the 
earliest  dawn  of  reason,  was  awakened  by  the  presentation  of  the  phenomena 
which  correspond  objectively  with  it  in  the  universe."  These  intuitional  feelings 
exist  in  vtry  different  intensity  in  different  individuals ;  and  it  ia  where  they  have 
most  strongly  manifested  theuiselvea  ut  a  very  early  period  of  life  (^the  sense  of 
harmony,  for  example,  in  the  infant  Mozart),  that  we  can  see  how  fundamental 
a  part  of  our  nature  ibey  constitute,  although  thoy  may  be  but  faintly  shadowed- 
forth  in  a  large  p»rt  of  mankind.  They  are  peculiarly  susceptible  of  development, 
however,  by  appropriate  culture;  under  the  iufiucnce  of  which  they  not  merely 
grow-up  in  the  individual,  but  manifest  themselves  with  increased  vigour  and 
lore  extended  range  in  successive  generations  of  mankind. 

608.  So,  too,  there  seems  to  lie  in  this  part  of  our  psychical  nature,  the  germ 
rhich,  in  a  higher  phase  of  development,  is  evolved  into  the  Moral  Sense.     Expo- 
ienco  shows,  as  Mr.  Morell  justly  remarks,  *'  that  on  instinctive  apprehenttion  of 
fht  and  wrong,  as  attached  to  certain  action.s,  precedes  in  the  child  any  dit^tinct 
iprrhmtion  of  the  language  by  which  we  convey  moral  truths.     M'lreover,  the 
jwer  and  the  purity  of  moral  feeling  not  unfrequently  exist  even  to  the  highest 
legree,  amongst  those  who  never  made  the  question  of  morals  in  any  way  the 
bject  of  direct  thought,  and  may  perchance  be  unconscious  of  the  treasure  they 
in  their  bosoms."     And  it  is  only  ia  so  far  as  the  doctrines  of  Kthicul 

;  ia  curious  tliat  in  so  retraoing  a  number,  wo  are  often  Baststed  by  mentally  ropro- 

Idocing  the  succession  of  strolips,  imagming  their  rccarrenco,  until  vre  feci  that  wo  bavo 

eounted-up  to  the  impression  that  was  left  upon  our  sensorium.    In  the  same  way,  if  aaked 

how  inanT  8lnira  there  are  in  a  stair-cuse  which  we  arc  in  the  habit  of  using,  we  may  not 

be  Able  to  name  the  number;  yet,  when  actually  ascending  or  descending,  we  are  couwioufl 

t  we  hHve  arrived  at  the  top  or  the  bottom,  by  the  oompletiou  of  that  series  of  BeoMrial 

ages  which  have  become  habitual  to  us. 
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Bcienoe  arc  based  upon  these  fundamental  intuitionB  of  ovir  nature,  that  they 
pOBsess  a  firm  bold  upon  our  convictions  as  necessary  truths. — **  CloeeJy  oooo«eted 
with  the  Moral  are  the  Religious  intuitions  of  the  soul ;  which  are  developed, 
more  or  less  distinctly,  amongst  the  earliest  of  our  Human  SeDtiments,  in  tbt 
form  of  awe,  veneration,  and  reverence,  which  is  inspired  by  objects  of  Mibllniitj, 
crandeur,  vantnesa,  and  mystery." — (Morell.")  It  is.  by  their  appeal  to  liwe 
intuitive  feelings  of  reverence,  and  to  the  Moral  sentiment  of  goodness,  thtt 
religious  teachings  make  their  6rst  impression  on  the  understanding,  and  layflw 
foundation  for  those  more  definite  ideas  of  the  Divine  Being,  towaxda  which,  in 
a  higher  phase  of  religious  development,  we  direct  our  consoioasness  of  depeod- 
ence,  and  our  desire  of  self-eievation  ;  and  which  wo  invest  intellectnally  with 
those  attributes  which  represent  our  highest  ideal  of  Power,  Wisdootj  tod  Good* 
nesfl  (§  61G) 

609.  The  Moral  and  Religious  intuitions  are  closely  relat^  to  thoM  forms  of 
OUT  Emotional  sensibility^  which,  being  no  longer  purely  subjective,  require  if 
a  condition  of  their  existence  that  they  shall  relate  to  an  estemal  object.  This 
is  pre-eminently  the  case  with  all  those  which  are  termed  *  emotions  of  symp*' 
thy ;'  thus,  the  perception  of  the  pain  or  distress  of  another  instinctively  excites 
(except  in  individuuls  of  a  peculiarly  unsympathetic  temperament)  a  ooncspood- 
ing  affection  in  the  percipient  mind,  just  as  the  sight  of  certain  bodily  mov^' 
ments  (as  yawning)  t«nds  to  call  forth  the  same  movements  in  ourselves;  lid 
the  opposite  state  of  cheerfulness  or  mirth  has  a  like  tendency  to  afioct  those  «^ 
are  brought  into  contact  with  it,  provided  that  there  be  nothing  positively  aotsjiK 
nistio  in  their  own  condition.  But  further,  the  perception  of  enjoyment  calls-fbcUi 
a  respondent  ifhidne**;  whilst  the  perception  of  suffering  t«nds  to  excite  in  cw- 
selves  that  feeling  of  sorrow  which  we  term  pity,  and  either  of  these  feelings 
may  be  experienced,  even  when  we  do  not  ourselves  share  in  the  state  of  elert- 
tion  or  depression  which  excited  them. — More  closely  connected  with  the  fun- 
going  than  is  commonly  conceived,  is  that  sense  of  the  humorovs,  which  attaehei 
itself  to  certain  manifestations  of  character  presented  to  us  in  the  actions  of  othen; 
that  xffmpathy  vifh  Human  nature  in  which  the  former  have  their  source,  berag 
the  foundation  of  the  latter  also ;  and  thus  it  happened  that  those  writers  who 
have  the  strongest  power  of  exciting  our  sense  of  humour,  are  usually  disthj* 
guished  also  by  their  mastery  of  the  pathetic.  To  the  sense  of  the  htUDOiWB, 
that  of  the  liuikrous  is  obviously  related  ;  but  this,  when  excited  by  operatioM 
of  the  intellect,  instead  of  by  external  objects,  belongs  to  a  different  extegmj 
(§  619).  The  same  may  be  said  of  the  sense  of  tconder;  which  in  its  sim]^ 
form  may  be  connected  with  our  sense-perceptions,  but  which  is  more  cotumoolj 
experienced  in  regard  to  the  ideas  which  they  excite. — Another  group  of  KmO" 
tional  feelings  belonging  to  the  same  category,  is  that  which  may  receive  tkt 
general  designation  of  Jttractionn  and  Repnlinnnt.  These  are  the  elcmentnj 
states  of  those  Emotions  which  involve  a  distinct  uha  of  the  object  which  attrvtt 
or  repels,  and  which  th^n  assume  the  forms  of  desires  and  aversions  (§  619);  but 
it  is  in  this  form  that  they  seem  to  act  in  the  lower  animals  and  in  young  children, 
whose  minds  are  nob  yet  fully  developed  into  the  stage  of  ideational  conseiou- 
ness.  The  various  terms  like  and  dislike,  partiah'ty  and  distaste^  lotfe  and  hatndt 
which  we  use  to  signify  the  modes  in  which  we  ourselves  feel  affected  by  eitenitl 
objects,  indicate  the  existence  of  this  elementary  form  of  emotional  sensibility  ia 
connection  with  the  perceptive  consciousness. — There  are  other  emotiooai  stnet, 
some  of  them  rising  to  the  intensity  of  passions,  which  seem  to  belong  to  this 
category ;  but  the  examples  already  cited  are  sufficient  to  illustrate  the  doolHHH 
hero  COD  tended -for.  ^^H 

610.  It  is  a  chnracteriatic  peculiarity  of  all  tho  modes  of  affection  of  thff  «»' 
scioueness  which  have  been  now  described,  that,  being  the  immediate  eiperieocei 
of  the  percipient  mind,  they  cannot  be  expressed  in  language,  or  conveyed  bj 
any  system  of  purposive  signs  bo  other  minds ^  although  the  spontaneooi  exptt^ 
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sions  to  which  they  prompt,  may  be  apprehended  by  other  minds  in  a  correspond- 
iDg  state  of  activity.  "If,"  says  Mr.  Morel],  "we  look  along  tba  whole  rango 
©f  our  iDtoitions,  we  find  them  all  alike  unuUeraUe.  They  may,  iadecd,  be  in- 
tensely/t7/;  their  inward  existence,  too,  may  be  manifested  by  a  tboosand  sig- 
riiicatit  indications;  nay,  they  can  create  au  impulse  and  a  sympathy  in  others, 
hy  the  very  light  they  kindle  in  the  features,  and  tire  power  they  infase  into  the 
■otions  of  those  who  intensely  realize  them ;  but  they  cannot  be  articulately  ex- 
presacd."  It  is  only  when  they  are  evolved  into  those  representative  form »  which 
•re  termed  Ideas  (§  613),  that  tbey  are  capable  of  being  expreflsed  by  a  language 
either  of  »>gns  or  of  sounds.  And  it  may  be  noticed  that  long  before  children 
have  attained  to  any  comprehension  of  these,  tbey  intuitively  interpret  the  ex- 
pressions of  Emotion,  and  are  eyinpatheticaily  affected  by  them ;  as  seems  the 
case,  too,  with  regard  to  such  of  the  lower  animals  as  habitually  associate  with 
Man,  and  bare  acauired  that  ayoipathy  with  his  emotional  nature,  which  enables 
them  to  recognize  its  manifestations. 

611.  The  Intuitional  consciousness  is  not  solely  exercised,  however,  upon  the 
impressions  transmitted  to  it  through  the  external  senses.  For  it  appears  to  be 
by  a  like  direct  action  of  the  mind  upon  the  products  of  our  higher  Psychical 
operations,  which  come  to  the  Sonsorium  through  the  'nerves  of  the  infernal 
Benses '  (§  577),  that  we  apprehend  these  as  realities  or  nerewary  trvths.  Thus 
when,  by  those  Intellectual  processes  of  which  the  Cerebrum  is  the  instrument, 
we  have  evolved  the  abstract  idea  that  "  things  which  are  equal  to  the  same 
thing,  are  equal  to  one  another,"  we  feel  intuitively  compelled  to  recognize  that 
idea  88  a  fact ;  and  whilst  no  accumulation  of  appeals  to  experience  would  in- 
erease  our  confidence  in  its  validity,  so  the  assertion  that  experience  ever  leads 
to  a  contrary  result,  would  only  oall-forth  the  reply  that  such  experience  must  be 
fallacious.  So,  again,  all  logical  reasoning  is  based  upon  the  assumption  of  the 
troth  of  its  methods,  the  only  guarantee  for  which  iiea  in  an  appeal  to  the  intui- 
tional consciousness;  and  the  conclusion  can  only  be  ctrtainly  relied-on,  when 
(as  in  Mathematical  proof)  the  basis  of  the  whole  i.s  an  axiom  or  necessary  truth, 
and  at  every  step  of  the  argument  the  most  indubitable  certainty  can  be  felt  as 
to  the  correctness  of  the  inference.  —  And  thus,  in  all  departments  of  human 
knowledge,  the  ultima  ratio  is  afforded  by  our  Intuitional  consciousness;  which, 
within  the  range  of  its  development,  is  the  most  certain  and  direct  of  all  our 
means  of  apprehending  truth  ;  and  which  is  the  faouhy  that  seems  most  to  link 
na  to  that  Divine  Inieirigeocc,  whose  all-comprehensive  thought  takes-in  the 
Universe,  with  all  its  past,  present,  and  future,  as  but  a  point  in  its  Infinite  con- 
ception. ' 

612.  0/  Iilcational  Consciousnas.  —  In  ascending  the  scde  of  Psychical 
activity,  we  find  the  operations  of  the  Mind  becoming  more  and  more  detached 
from  the  sensational  changes  wbich  first  excited  them.  We  have  seen  that  in 
the  first  or  Sensational  stage,  the  consciousness  is  engrossed  with  arf/t  not  being  as 
yet  awake  to  the  existence  of  any  external  cause  for  the  sufijecdve  change  it  expe- 
rieooes;  whilst  in  the  second,  or  Perceptive  stage,  in  which  that  vLjeclive  cause  is 
apprehended  as  somelbing  not-self,  tbe  mind  is  entirely  givec-up  to  the  contempla- 
tion of  it;  and  recognizes  its  properties  as  the  sources *of  the  various  affections 
it  experiences.  Some  of  these  affections  relate  to  knowleihfe^  whilst  others  par- 
take more  of  tbe  nature  of /eel in f/ ;  but  in  all  of  them  the  percipient  mind  is 
brought  face  to  face,  as  it  were,  with  the  object  perceived  ;  and  the  intuitive 
knowledge  which  arises  from  this  direct  relation,  has  a  certainty  to  which  no 
other  kind  of  knowledge  can  lay  claim.  Hut  it  is  not  until  the  Mind  attains  a 
still  higher  kind  of  activity,  that  it  forms  tbiit  di.stinct  mental  represeitfuiion,  or 
Idea,'  of  the  object,  which  stands  altogether  apart  from  our  immediate  expe 

'  On  all  that  relates  to  the  Perceptive  and  iDtuitional  ConsciousDess,  see  especially  Mx. 
J.  D.  Morell's  "  ElcnaeaUt  of  Psyuhology,"  Part  i.  chap.  it. 

*  Tbe  Author  thiaka  it  useless  to  enter  into  the  enquiry  which  has  been  (he  sabjeot  of 
SO  Buuny  abatruae  and  laboured  Metaphysical  discuasions,  aa  to  whether  our  fuDdameDtal 
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tfifDce,  and  asKomes  the  clinrflcter  of  an  independent  intellectual  realitv.  In 
[forming  this  mental  representation,  the  mind  is  determined  bj  the  Dattir«  and 
Jintensity  of  the  various  affections  of  ile  cnnsciouBneaa  wbicb  have  been  excitwl 
^Ity  tiio  object;  and  as  those  will  depend  in  part  upon  its  ori^nal  oonstittttioQ, 
isnd  in  part  upon  the  mode  in  which  it  has  been  habitually  excmj»cd,  it  foUowi 
that  the  ideas  or  mental  representations  of  the  same  object  or  occurrence,  which 
•re  formed  bj  different  iridividual»,  may  be  widely  discrepant.  This,  inde^, 
continually  proves  to  be  the  casej  and  we  cannot  hove  a  better  example  of  the 
fact,  than  is  afforded  by  the  variety  in  the  modes  in  which  the  same  landempe 
ehall  be  depicted  by  different  Artists,  each  expressinp  in  bia  peculiar  'manner' 
the  representation  which  his  Mind  has  formed  of  that  at^pect  of  Nature  wbieh 
it  has  conteniplated. — The  influence  of  preconceived  votvmt,  or  of  thtftfHpft 
by  which  the  mind  is  hubitually  ponst-ssed,  may  be  continually  recognised  by  the 
observant,  as  modifying  the  idoas  which  every  one  forms  of  what  is  present^i)  to 
his  obH^natioD ;  and  it  is  by  an  exaggeration  of  such  influences  that  those  mt» 
representntions  arc  made,  which  in  certain  forms  of  Insanity,  powess  the  mind 
of  the  subject  of  them  with  convictions  that,  to  every  one  else,  are  palpablj  ia- 
consistent  with  reality  (§  711). — This  want  of  cuuforroity  between  the  xdail  vA 
the  actual  is  peculiarly  apt  to  arise  in  the  minds  of  those,  who  live  too  much  il 
the  former  and  t»o  little  in  the  latter ;  for  in  proportion  as  the  mind  dwells  tn 
exclusively  upon  its  own  conceptions,  and  refrains  from  bringing  these  into  «» 
tact  with  the  realities  of  every-day  life,  do  aberrations,  which  would  gpeedilj  be 
checked  by  experience,  progressively  acquire  a  preponderating  influence,  until  it 
last  they  may  acquire  the  character  of  settled  delusions,  and  toay  altogether  upset 
the  balance  of  the  intellect. 

613.  The  whole  tendency  of  the  ideational  activity  of  the  Mind,  is  thus  to 
Bcparate  the  representation  which  it  forms  from  the  restraints  of  oatvtrd 
experience,  as  completely  as  possible;  so  as  to  make  it  a  distinct  and  intelligible 
object  of  contemplation,  which  can  be  placed,  at  pleasure,  either  withjn  or  b^ 
joud  the  grasp  of  the  consciousness,  at  the  moment.  Now  for  the  perfection  of 
this  ofijccfi/yinff  process,  it  is  requisite  that  we  should  possess  Bome  mode  of 
Bujn\fyir\ff  our  ideas,  so  that  they  may  at  the  same  time  be  made  clear  and 
distinct  to  ourselves,  and  be  rendered  intelligible  to  other  minds.  This  may  bi 
accomplished  by  means  of  siyns  visible  to  the  eye,  or  transmissible  through  the 
touch  ;  or  by  lueaiis  of  spoken  lanjttatjr,  in  which  certain  combinations  of  soaDdl 
are  made  to  svmbolize  ideas.  Now  the  nearer  the  signs  employed  are  to  the 
natural  exprcB-sioiis  of  the  ideas  for  which  they  are  to  stand,  the  more  readily 
are  they  comprehtnided  by  those  to  whom  they  are  addressed;'  but  their  rsnp 

ideas  oH^nntc  altogother  inYAcuf,  or  altogether  viihin,  the  Mind;  or  partly  withoat  aad 
pnrtly  within.  It  will  be  suffioient  for  bim  to  express  his  owu  conTiction,  th&t  tb«  latter 
is  the  odIj  consialent  mode  of  Tiewiog  the  subject,  and  is  that  at  which  any  enquirer  BtMt 
arrive,  who  discueses  all  the  facts  of  the  case  according  to  the  true  method  of  Scientilic 
renBooing.  An  idea  can  no  more  corrcotlj  be  designated  a  *  traasformed  aensalion,*  than 
a  seDsation  could  bo  dp!>i|matcd  &  transformed  impression.  The  one  is  antecedent;  the 
other  is  consDijuent.  And  just  as  an  electrical  or  chemical  stimulns,  applied  to  a  Slnsdc, 
colls  it  into  coutrnclion,  so  do«a  the  seDsational  stimulus,  acting  on  the  percipient  latel- 
lect,  excite  an  itiea  of  the  cAtject  which  gave  occasion  to  the  sensation.  On  the  other  hand, 
to  affirm  that  ideas  are  either  'innate,'  or  are  in  any  way  produced  by  the  Mind  iiMAt 
without  original  excitement  by  scnsATions  abrxtra,  is  a  poAitiou  so  entirely  inconsifttent  vilk 
experience,  as  not  to  bear  any  careful  scrutiny.  The  formation  of  Ideas,  then,  may  be 
considered  as  the  reaction  between  the  External  ^'orld  and  the  Intcliigent  Mind;  tb« 
latter  piissessing  within  itself  certain  properties,  which  the  impressions  mude  upon  it  by  tbe 
former  are  adapted  to  call  into  active  exercitte.  —  For  a  concise  riew  of  the  vanoiu  doe- 
trines  which  hiive  been  propounded  on  this  subject,  and  their  bearing  on  the  "ctatial 
idea"  which  re»ta  on  "  the  primary  harmony  between  the  Soul  and  the  Uuiverse,"  aee  Mr< 
J.  D.  Mitrell's  "  Elements  or  I'sychology,"  pp.  SOU,  el  itq. 

'  The  deaf-and-dumb  are  trained  to  ccnmiunlcate  with  each  other,  not  merely  by  th» 
'  flnger-lniipiintri*,'  l»y  which  word?  are  olphiibeticnlly  ppelled,  hut  also  by  the  *mca^B* 
gUR.go,'  by  which  ideas  ar«  conveyed  through  the  much  more  direct  raediuat  of  siagleaigal 
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it  necessarily  very  limited,  and  every  family  of  Mankind  haa  substituted  for  them 
m  Bet  of  arbitrary  sounds,  which  are  not  only  much  more  perfect  in  themselves 
■B  iostrutueuts  for  the  expression  of  ideas,  but  are  capable  of  beiai;  made  to 
oonvey  (by  means  of  that  wonderful  apparatus  of  articutatt'on  with  which  Man 
is  provided)  an  unlimited  variety  of  nieaninfis,  with  every  kind  of  rclatinn  of 
theste  which  the  mind  can  coneeive.  In  proportion  as,  by  inflexion  and  combi- 
nation, a  language  is  capable  of  readily  and  precist'ly  embodyiog  the  results  of 
the  intellectual  processes,-  in  that  proportion  can  these  results  be  uhjrctijifd  by 
the  individual,  and  be  thus  made  the  banis  of  further  operations;  and  in  the 
same  proportion  can  they  be  clearly  presented  to  the  minds  of  others,  and  be 
employed  by  them  for  the  same  purpose.  Thus  whilst  the  structure  of  the  lan- 
guage of  any  people  is  to  a  certain  extent  a  measure  of  its  mental  development, 
it  comes  to  exert  a  most  important  influnnce  over  the  further  progress  and  direc* 
lion  of  that  development;  different  languages  being  in  tbeir  very  nature,  adapted 
for  the  expression,  both  of  different  clasgfs,  and  of  different  rrfatt'ons,  of  ideas. 
Although  some  have  maintained  that  words  which  are  used  to  designate  external 
objects  are  the  signs  of  those  objects,  and  that  such  words  form  a  class  dLstinct 
from  that  of  the  words  which  stand  as  signs  of  abstract  idoai',  yet  a  tittle  con< 
aideratioD  will  show,  that  except  in  the  case  of  proper  names'  which  ore  onlv 
applicable  to  individuals,  iiU  words  really  express  ymeraltzed  imat/ea  of  the 
objects  to  which  they  refer.  Thus,  if  we  attempt  to  define  the  most  familiar 
object,  such  as  a  house,  a  table,  or  a  basket,  by  any  verbal  description,  we  find  it 
extremely  difficult  to  frame  a  definition  that  shall  include  ail  houses,  aft  tables, 
ali  baskets ;  notwithstanding  that  our  idea  of  a  house,  of  a  (able,  or  of  a  basket, 
ia  ■officieiitly  precise  to  enable  us  to  buj  at  once  with  regard  to  any  particular 
object,  whether  it  <fo«i,  or  dttes  not  fall  under  one  of  these  categories.  Hence 
they  do  not  appeal  directly  to  the  intuitions  of  other  minds,  but  must  be  compre- 
beoded  by  translation  through  their  ideational  cnnscioustiess.  Thus  it  is,  that 
aa  expressions  of  fffJinij,  words  are  often  less  potent  than  tones  or  gestures, 
which  directly  appeal  to  the  euiotional  senBibility  of  the  percipient.  And  tbu* 
it  is,  too,  that  words  have  nn  ab8Dlute  meaning,  but  can  only  signify  to  each 
individual  the  ideas  which  he  is  prepared  by  his  previous  habits  of  thought  to 
attach  to  them."  Words,  in  fact  (as  Mr.  Morell  has  justly  remarked.  Op.  cit.  p. 
194),  "  represent  simply  a  courte  of  mental  action,  in  which  we  grasp  the  essen- 

TheM  sign;,  tboofch  partly  cooTentional.  are  ma.'le  to  confonti  as  nearly  as  possible  to  tlie 
natural  expressiona  of  idens ;  and  are  ustuillj  acquired  very  quickly  bj  the  deaf-and-dumb. 
whoae  want  of  other  modes  iif  uitcrnnce  forces  into  activity  a  mode  of  expressing  their 
ideas  and  euotions,  which  ta  uaneceiisary  to  those  who  have  the  comtnand  of  language, 
and  is  consequently  but  little  exerted  hy  them.  Young  childreo,  however,  who  associate 
much  with  the  deaf-and-dumb,  very  read! I j  acquire  this  '  sign-langmige,' and  will  often 
prefer  the  contioucd  use  of  it  to  the  acquirement  of  jipoken  language. 

'  To  the  child  firat  learning  the  use  of  language,  every  nonn  is  origiDally  a  proper  name, 
■taading  as  the  oymbol  of  the  indtvidual  object  with  which  it  learns  to  associate  it ;  but 
it  is  very  early  led  by  the  familiar  ezperieacea  of  its  Durserj,  to  apply  such  words  as  chair, 
table,  bed,  to  clattet  of  objects,  and  thus  to  appreciate  their  signiticanco  as  eymbola  of 
generalized  or  abstract  ideas.  And  when  that  process  hiia  been  accomplished  in  a  few 
instancea,  the  child's  intellect  eooo  extends  it  to  others ;  its  chief  actirity  in  this  atata  of 
its  development,  being  directed  to  the  expansion  and  multiplication  of  lis  Ide&a. 

'  Thus  every  branch  of  knowledge  haa  its  own  language,  the  terms  of  which,  eren 
when  identical  with  words  in  ordinary  oae,  can  only  convey  their  full  and  peculiar  signifi- 
cation to  those  who  hare  already  gained  an  exten.stTO  acquaintance  with  the  department  of 
thought  to  which  they  relate.  So  in  remlcring  from  oue  tongue  intu  another,  great  diffi- 
culty is  continually  experienced  in  the  choice  of  words  which  -hall  convey  in  the  transla- 
tion the  precise  ideas  signified  in  the  original ;  the  diiTiculty  being  greater  in  proportion  to 
the  diversity  between  the  habits  of  thought  of  the  two  nations  reapectivclj.  We  can 
scarcely  hare  a  more  '  pregnant  instance  '  uf  the  obstruction  thus  created  to  the  transmis- 
sion of  ideas  through  tanguiigi?.  by  the  peculianty  of  scientific  tonninologj  in  combiDation 
with  diversity  of  nationnl  habitudes  of  thought,  Ibaa  \s  presented  in  the  attempt  to  bring 
the  ftbatraet  refincmeDts  of  German  Metapbyaica  wilhiu  the  ootnprebension  of  a  'commoa- 
'  Engliab  miad. 
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tial  eleiueots  wbich  distin^uts'h  one  thing  front  another^  and  tuake  those  elcmcota 
BpoDtaaeoualy  the  ground  for  a  classification  of  oar  multifarious  experiences.  In 
this  way  it  is,  that  they  serve  to  coiistruct  the  more  general  outlines  of  humaa 
knowledge,  flenee  the  wonderful  power  which  words  possess  in  the  whole  proceai 
of  human  thought  j  hence  the  capacity  they  attain,  after  the  teachings  of  experi- 
ence have  paved  the  way,  for  expressing  the  very  essence  of  the  things  to  which 
they  relate ;  hence,  too,  their  uae  in  forming  a  broad  platform,  on  which  tii« 
results  of  all  the  lower  processes  of  mind  are  pldnly  recorded,  and  from  which 
we  cun  commence  those  higher  forma  of  activity,  which  give  to  Keason  its  til 
hut  infinite  range,  and  all  but  omnipotent  force." 

614.  There  are  certain  Ideas  which  seem  almost  necessarily  to  spring-np  in 
the  Mind,  during  the  course  of  its  own  operations;  and  these,  being  suggested, 
not  80  much  by  perceptions  of  external  objects,  as  by  observation  of  what  is 
taking  place  in  the  Mind  itself,  are  sometimes  diFtinguisbed  as  inlelLxtualy  in 
contrast  to  sensati&nal  ideas.  So  universally  do  these  present  themselvefl  to 
thinking  minds,  so  little  are  they  subject  to  modification  by  pecutiarilies  of  iD«fi-  j 
vidual  ihnraetcr  (whether  origiunl  or  BC((Utred),  and  so  unhesitatingly  are  t^^H 
rccugniKcd  as  truths  when  they  are  judged-of  by  the  Intuitional  conscioostMim 
that  they  take  rank  as  fundamental  axiofna  or  principles  of  Human  Tboagbt. 
Suib  are, — the  belief  in  our  own  present  existe/wc,  or  the  faith  which  we  repose  in 
the  evidence  of  Con9ciou8nes.s  j  this  idea  being  necessarily  associated  with  eveiy  , 
form  and  condition  of  mental  activity: — th^  belief  in  oar  pa«t  exitlencr,  and  in 
our  perMwal  idtntify  so  far  as  our  memory  extends,  which  is  necessarily  connected 
with  the  uct  of  Recollection;  with  this,  again,  is  connected  the  general  idea  of  ' 
Time : — the  belief  in  the  external  and  vnlfpetident  existence  of  the  causes  of  oat  ' 
sensations,  which  results  frum  the  direction  of  the  mind  to  the  Percepliona] 
ideas  originating  in  them  ;  with  this  ia  connected  the  general  idea  of  Spate;— 
the  belief  in  the  existence  of  an  extent  cau»e  for  the  changes  which  we  witMM 
around  us,  which  springs  from  the  perception  of  those  changes;  whence  itdc^ 
rived  our  idea  of  Power: — the  belief  in  the  itahiUty  of  tJu  order  of  nature;  <ir 
in  the  invariable  sequence  of  mmibr  effects  to  similar  causes,  which  also  sprinn 
directly  from  the  perception  of  external  changes,  and  seems  prior  to  all  reMooiog 
upon  the  results  of  observation  of  them  (being  observed  to  operate  most  strongK 
in  those  whose  experience  ia  most  scanty,  and  in  rotation  to  subjects  that  art 
perfectly  new  to  them);  but  which  is  the  foundation  of  alt  applications  of  oar 
own  experience  or  of  that  of  others,  to  the  conduct  of  our  lives,  or  to  the  exteo- 
sion  of  our  knowledge  r^ — lastly,  the  belief  in  our  own  frer  wt'I/,  involvin<»  the 
general  idea  of  Voluntary  Power;  which  is  in  like  manner  a  direct  result  of  onr 
internal  perception  of  those  mental  changes  which  are  excited  by  seosatioo}. 
Hence  it  is  evident  that  "the  only  foundntinn  of  much  of  our  belief,  and  tbc 
only  source  of  much  of  our  knowledge,  in  to  be  found  in  the  constitution  of  oar 
own  minds;"  but  it  must  be  steadily  kept  in  view,  that  these  fundamental 
Axioms  are  nothing  else  than  expressions  of  the  general  fact,  that  the  ideas  io 
question  are  uniformly  excited  (in  nil  ordinarily-constituted  minds  at  least)  br 
simple  Attention  to  the  changt-a  iu  which  they  originate. 

615.  Among  those  elementary  niodes  of  thought  which  arise  out  of  the  coo- 
stitution  of  our  own  minds,  we  must  also  rank  the  ideas  of  Truth,  Beauty,  «nd 
Kight,  which  intuitively  present  themselves  to  our  cou&fiousness,  in  oonnccti><o 
wilB  certain  objects  or  occurrences  respectively  adapted  to  excite  them ;  the  fint 
connecting  itself  especially  with  the  operations  of  the  Reason,  the  second  wilb 
those  of  the  Imagination  as  directed  by  the  ^Esthetic  Sense,  and  the  third  wiib 
the  detorminatlou  of  the  Will  in  the  regulation  of  conduct,  under  the  guidanct 
of  the  Moral  Sense. —  Truth  may  be  defined  to  be  an  apprehension  of  the  rela- 
tions of  things  as  they  actually  exist ;  and  the  conception  of  truth,  which  n 
originally  based  upon  sen.sationa!  ideas,  comes  to  be  also  applied  to  those  which 
are  purely  inteUectual. — The  notion  of  Beautj/,  the  germ  of  wbich,  as  we  hatrt 


OF    IDEATIONAL    C0N8CI0U8NES8. 


663 


I 


eeeii  (§  607),  exists  in  the  IntaitioDal  Consciousoess,  is  one  tbat  ia  verj  difficalt 
to  define  ;  but  it  seems  to  cooeiat,  when  fullj  developed,  in  tbe  conformity  of  an 
external  object  to  a  certain  ideal  standard,  bj  which  confonnitj  a  pleasurable 
feeling  is  produced-  That  ideal  standard  is  a  work  of  the  Imap'nation,  and  is 
generated  (by  a  kind  of  autonaatic  process)  by  the  elimination  of  all  those  ele- 
ments which  we  recognize  as  inferior,  and  by  tbe  intensification  and  completion 
of  all  thoi^e  which  we  ropanl  as  excellent.  Hence  according  to  the  aesthetic 
judgment  which  every  individual  pronounccB  aa  to  these  particulars,  will  be  his 
ideal  of  beauty.  The  notion  of  beauty  extends  itself  also  to  the  pur*^  concep- 
tions of  the  Intellect;  and  thus  we  may  experience  the  sense  of  beauty  in  the 
recognition  of  a  Truth.  We  experience  the  sense  of  beauty,  too,  in  witntssing 
the  conformity  of  conduct  to  a  high  standard  of  Moral  excellence;  which  ex- 
cites in  our  minds  a  pleasure  of  the  same  ordpT,  as  that  which  we  derive  from 
the  contemplation  of  a  noble  work  of  Art. — The  idea  of  Right,  also  suggested 
by  tbe  Intuitional  consciousness,  connects  itaelf  with  voluntary  action.  We  have 
no  feeling  of  approval  or  disapproval  with  respect  to  notions  that  are  necessarily 
connected  with  our  physical  well-being;  but  in  regard  to  most  of  those  which 
are  left  to  our  choice,  it  is  impossible  to  feel  indifferent ;  and  the  sphere  of  ope- 
ration of  this  principle  becomes  widened,  in  proportion  as  the  mind  dwells  upon 
the  notion  of  Moral  Obligation  which  arises  out  of  it.  Then,  too,  the  idea  of 
Right  is  brought  to  attach  itself  to  thoughts,  as  well  aa  to  actions;  and  this^not 
merely  because  the  right  regulation  of  the  thoughts  ia  perceived  to  be  essential 
to  the  right  regulation  of  the  conduct,  but  also  because  the  mind  intuitively  per- 
ceive? thnt  whatever  we  can  govern  by  the  Will  has  also  a  mora]  aspect. 

616.  Closely  connected  wiih  many  of  the  furegoing,  and  arising  in  most  mtndt« 
from  some  or  other  of  them  by  the  very  nature  of  our  psychical  constitution,  are 
those  ideas  which  relate  to  the  Heing  and  Attributes  of  the  Deity.  There  is,  in 
fact,  no  part  of  Man's  psychical  nature,  which  does  not  speak  to  him  of  the 
Divine,  when  it  is  rightly  questioned.  The  very  perception  of  Jini'te  existence, 
whether  in  time  or  space,  leads  to  the  idea  of  the  Infinite.  The  perception  of 
depeniltnt  existence,  leads  to  the  idea  of  the  Self-existent.  The  perception  of 
change  in  the  external  world,  leads  to  the  idea  of  no  Absolute  Power  as  ita 
source.  The  perception  of  the  order  and  constancy  underlying  all  those  diver- 
sities which  the  surface  of  Nature  presents,  leads  to  the  idea  of  the  Unity  of 
thnt  power.  The  recognition  of  Intelligent  Will  as  the  source  of  the  power  we 
ourselves  exert,  leads  to  the  idea  of  a  like  Will  as  operating  in  the  tlniverse. 
And  our  own  capacity  for  reasoning,  which  we  know  not  to  have  been  obtained 
by  our  individual  exeriious,  is  a  direct  testimony  to  the  Intelligence  of  the  Being 
who  implanted  it. — So  are  we  led  .from  the  very  existence  of  our  Moral  FcclingB, 
to  the  conception  of  the  existence  of  attributes,  the  same  in  kind,  however  ex- 
alted in  degree,  in  tbe  Divine  being.  The  sense  of  Truth  implies  ita  actual 
existence  in  a  being  who  is  Himself  its  source  and  centre;  and  the  longing  for 
s  yet  higher  measure  of  it,  which  is  experienced  in  the  greatest  force  by  those 
who  have  already  attained  the  truest  and  widest  view,  is  the  testimony  of  our 
own  snuls  to  tbe  Truth  of  the  Divine  Nature.  The  perception  of  Right,  in  like 
manner,  leads  us  to  the  Absolute  lawgiver  who  implanted  it  in  our  constitution ; 
and,  as  has  been  well  remarked,  "all  the  appeals  of  innocence  against  unright- 
eous furce  are  appeals  to  eternal  justice,  and  all  the  visions  of  moral  purity  ar« 
glimpses  of  the  infinite  excellence/'  The  aspirations  of  the  most  exalted  moral 
natures  after  a  yet  higher  state  of  Holiness  and  Purity,  can  only  be  satisfied  by 
the  couteniplation  of  such  perfi-ction  as  no  merely  Human  being  has  ever  attained ; 
and  it  is  only  in  the  contemplation  of  the  Divine  Ideal,  that  they  meet  their 
appropriate  object.  And  the  sentiment  of  Beauty,  especially  as  it  rises  from 
the  niatenal  to  the  spiritual,  passes  beyond  tho  noblest  creations  of  art  and  the 
most  perfect  realization  of  it,  in  the  outward  life,  and  soars  into  the  region  of  the 
UDseuDi  where  alone  the  imagination  cam  freely  expand  itself  in  the  contempli^ 
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[tion  of  such  Beauty  hb  no  objective  rppresentation  can  embody. — And  it  is  by 
[eotnbining,  so  fur  ds  our  capacity  will  admit,  the  ide&s  which  wc  thus  deme  from 
fjrcfleciion  upon  the  facts  of  onr  owu  consciousness,  with  those  which  we  inm 
Ifrom  the  oonlem|jlQtion  of  t!ic  Universe  around  us,  that  we  fortn  the  justest  cod- 
[ception  of  the  Divine  Being,  of  which  our  finite  minds  are  capable.      We  ire  led 
[to  conceive  of  Him  as  the  Absolute,  Unohanpeable,  Self-Existent, — Infinite  in 
duration, — II iiini table  in  space, — the  hifjbest  ideal  of  Truth,  Right,  and  Bcanlj, — 
the  All-Powerful  source  of  that  ajrency  which  we  recopnize  in  the  phenomeu 
of  Nature,— the  AU-Wise  desipner  of  that  wondrous  plan,  whose  original  perfec- 
tion is  uie  renl  source  of  the  uniformity  and  harmony  which  we  recoj»niie  is  its 
operation, — the  All-Benevolent  contriver  of  tlie  hanpincBS  of  His  sentient  crea- 
tures,— the  All-Just  disposer  of  events  in  the  Moral  World,  for  the  evolution  of 
the  ultimate  cnda  for  which  Man  was  called  into  existence.     In  proportion  to 
the  elevation  of  our  own  spiritual  nature,  and  the  harmonious  developinent  of  its 
Beveral  tendencies,  will  be  the  elevation  and  harmoniousness  of  our  conceptioB  of 
the  Divine;  and  in  proportion,  more  particularly,  aa we  succeed  in  raiding onreeltM 
towards  tlaat  ideal  of  perfection  which  has  been  graciously  presented  to  us  io  the 
'*  well-beloved  Son  of  God,"  are  the  relations  of  the  Divine  Nature  to  our  own 
Jilt  to  be  more  intimate.     And  it  is  from  the  consciousness  of  our  relation  to 
God,  as  His  creatures,  as  His  children,  and  as  independent  but  responsible  fel- 
low^workers  with  Him  in  nccoDipIisIiiD^  His  great  purposes,  that  all  those  Idea* 
and  Sontiiuents  arise,  which  are  designated  as  Rclipious,  and  which  oonstitnte 
that  most  extdled  portion  of  our  nature,  of  whose  continued  existence  and  yet 
higher  elevation  wc  have  the  fullest  assurance,  both  in  the  depths  of  oxir  ova 
Coneiousness,  and  in  the  promises  of  Revelation. 

617.  It  has  been  usually  considered  by  Morali.sts  and  Theologians,  that  Con- 
tcience,  or  the  Monti  Scnite,  is  an  autocratic  faculty,  which  unmistakeably  dictate? 
what  is  right  tu  each  individual  case,  and  which  should  conseqnently  be  oohesi- 
tatingly  obeyed  as  the  supreme  and  unerring  guide.  Now  this  view  of  the  cia» 
is  attended  with  practical  diiEculties,  which  make  it  surprising  that  it  can  ever 
have  been  entertained.  For  itmnat  be  obvious  to  every  one  who  carefully  coasi- 
dcra  the  matter,  that  whilst  a  notion  of  rufht  and  trrong,  attaching  itself  to  cer- 
tain actions,  is  as  much  a  part  of  the  moral  nature  of  every  individunl,  as  the 
feeling  of  ph'tiKijre  or  pftm  attaching  itself  to  certain  states  of  consciousness  'i  of 
his  sensational  nature,  yet  tho  determination  of  irhat  is  right  and  tchai  is  wmns, 
ia  a  matter  in  great  degree  dependent  upon  education,  habits  of  thoughr,  coovea- 
tional  associatinns,  &c.;  so  that  the  moral  standard  of  no  two  men  shall  be  pre- 
cisely alike,  and  the  moral  standards  of  men  brought  up  under  entirely-differpnt 
circumstances  shall  be  of  the  most  opposite  nature.'  So,  whilst  the  nation  of» 
God  sustaining  any  direct  relation  to  us,  involves  the  notion  of  Duty,  which 
attaches  itself  to  all  actions  with  which  He  can  be  considered  as  having  anv  con- 
cern, the  dictates  of  this  sen.se  will  vary  with  the  ideas  entertained  respecting  the 
character  and  requirements  of  the  Deity;  and  actions  may  bo  sincerely  regarded 
u  an  acceptable  sacrifice  by  one  class  of  religionists,  which  are  loathed  as  barba- 
rous and  detestable  by  another.  Moreover,  in  what  have  been  designated  as 
'  cases  of  conscience/  the  most  enlightened  Moralist  may  have  a  difficulty  in  de- 
ciding what  is  the  right  course  of  action,  simply  because  the  'moral  sense'  fiotU 
BO  much  to  approve  on  both  sides,  that  it  cannot  assign  a  preponderance  to  eithtr, 
And  the  same  difficulty  attends  the  determination  of  religious  Duty,  in  many  pe- 
culiar contingencies;  each  of  two  or  more  possible  mndes  of  actiuo  b<'ing  reconi- 
mended  by  its  conformity  to  the  Divine  law  on  certJiin  points,  whilst  it  seeos 
opposed  to  it  on  others.     Thus,  individuals  in  whose  characters  the  love  of  truth 

'  Without  bnTmg  recourse  to  the  strange  esliniateB  of  right  and  wrong  which  prc«ll 
amongHt  Savagte  nations,  for  an  illustration  of  ttiis  position,  it  m&y  be  suiGcient  to  conpu* 
the  difTerent  views  contcimlhufh/  eutjertaincd  on  the  que-stion  of  Slnvery,  by  high-mioded, 
Mtlmable,  and  Clirutiaji  men  and  woiaea  in  diferent  parts  of  the  American  Uoioo. 
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»nd  of  Just  tee  and  the  ht>nemlent  affections  are  the  prominent  features,  and  who 
would  shrink  with  horror  from  any  violation  of  these  principles  of  action  for  any 
selfish  purpose  whatever,  nre  sorelj  perplexed  when  they  are  brought  iolo  colli- 
sion with  each  other;  a  strong  motive  to  tell  a  falsehood  (for  example)  bcinjr  pre- 
sented by  the  desire  to  protect  a  defcuceless  fellow-creature  from  unmerited 
oppression  or  death.' 

618.  If,  then,  neither  the  Mora!  sense  nor  the  sense  of  Relipous  Duty  affords 
ft  clear  and  unvarying  rule  of  action  in  each  individual  case,  it  ia  evident  thsit  the 
determination  of  what  ia  rvjhi  and  'tcrong  must  be  a  viniXtt  oi Jud'jment ;  the  rule 
of  Moral  action  being  bused  on  a  comparison  of  the  relative  nobility  of  the  mo- 
tives which  impel  us  to  either  course,  and  being  decided  by  the  proforence  which 
is  sccorded  to  one  motive  or  combination  of  raotivea  above  another.*  If  it  be 
asked,  how  are  the  relative  values  of  these  motivea  to  be  decided,  the  answer  must 
be  sought  in  the  moral  cnnsciousness  of  Mankind  in  general,  which  is  foand  to  be 
snore  and  more  accordant  in  this  respect,  the  more  faithfully  it  is  interpreted,  the 
more  habitually  it  is  acted-on,  and  the  more  the  whole  intelligence  is  expanded 
and  enlightened.  It  ia  this  tendency  towards  universal  agreement,  which  shows 
that  there  is  realty  as  good  a  foundation  for  Moral  science  in  the  psychical  nature 
of  Man,  as  there  is  for  that  of  Music  in  the  ptexHure  which  he  derives  from  cer- 
tain combinations  and  successions  of  sounds.  So,  again,  the  more  elevated  arc 
the  religious  ideas  of  Mankind  in  regard  to  the  character  and  will  of  the  Deity, 
the  more  do  they  approach  to  a  general  aooordance  in  regard  to  what  constitutes 
Religious  Duty;  and  the  complete  coincidence  which  exists  between  the  dictates 
of  the  Christian  law  and  the  highest  principles  of  pure  Morality,  prevents  one  set 
of  motives  from  ever  coming  into  antagonism  with  the  other.  The  Conscietwe  of 
the  religious  mao,  indeed,  may  be  said  to  be  the  rciuUant  of  the  combination  of 
his  Moral  sense  with  the  idea  of  Duty  which  arises  out  of  his  sense  of  relation 
to  the  Deity.  With  the  former  are  closely  ossociattjd  all  those  emotions  and  pro- 
pensities, which  render  him  considerate  of  the  welfare  of  bis  fellow-men,  as  of 
bis  own;  and  with  the  notion  of  duty  to  God  are  closely  united  the  desire  of  His 
fiivour,  the  fear  of  tlia  displeasure,  the  aspiration  after  His  perfection,  all  which 
aot  like  other  motives  in  deciding  the  Will.  Their  relative  force  on  any  occasion, 
as  compared  with  that  of  the  lower  propensities  and  seusual  desires,  greatly  de- 
pends on  the  degree  in  which  they  are  haLitualfy  brought  to  iofiuence  the  mind  j 
and  it  is  in  its  power  of  fixing  its  contcmplatiou  on  those  higher  coDsidcrations 
virhich  ought  to  be  paramount  to  ail  others,  and  of  withdrawing  it  from  the  lower, 
tbat  the  Will  has  the  chief  influence  ia  the  direction  of  the  conduct  according  to 
the  dictates  of  Virtue. 

*  Thus  if  ft  man,  who  might  be  urged  to  conceal  a  fugitive  stare  near  the  Canadiaa  fron- 
tier, were  to  refuse  to  do  bo  merely  oa  the  fear  of  unpleaaaut  conscqueccea  to  himself,  Le 
would  b«  justly  branded  with  ttio  oharaoter  of  a  cold-hearted  coward  ;  but  if  hia  refusal 
ahould  proceed  from  the  cotiTictiuti  that  the  Diviae  Law  requires  the  preference  of  rigid 
tmthfulaesa  over  cverj  other  motive,  and  that,  by  coacenliug  the  (suppliant,  he  should  be 
furoed  into  a  violation  of  that  law,  he  onnuot  be  blamed  even  by  those  who  believe  that  the 
law  of  compassion  written  upon  our  bearta  ia  ut  least  equally  imperative. — Similar  diffi- 
culties beset  the  uphoMera  of  the  non-resistance  creed,  which  teaches  chat  love  is  the  atl- 
powerful  priociple  in  the  moral  world,  and  that  it  ahould  entirely  soperscde  all  those 
impulset  of  our  nature  which  lead  us  to  oppose  force  to  force,  and  to  resist  an  unjust  and 
unprovoked  assault.  Here,  again,  we  mi[^ht  readily  understand  and  sympnthiae-with 
those,  who  con.xider  tlint  the  fear  of  personal  auSering  does  not  warrant  our  doing  a  severe 
injury  to  another  in  warding-off  a  threatened  attack;  but  when  the  question  comes  to  be, 
nut  of  tf/^-defence,  but  of  protection  to  other*  who  are  helpless  dependents  upon  our  8uc- 
oour,  and  who  are  bound  to  us  by  the  closest  ties  of  natural  affectton,  we  feel  that  the 
eomparative  nobility  of  the  latter  motive  warrants  actions  which  uur  icdiTidual  peril  might 
scarcely  justify. 

'  This  view  of  the  nature  of  Conscience  will  be  found  more  fully  developed  in  the  "  Pros- 
pective Review,"  for  November,  1845,  pp.  687-9. — "Every  moral  Judgment,"  it  is  well 
remarked  by  the  reviewer,  "  is  relativt :  and  involves  a  comparison  of  (at  least)  two  terms. 
When  wa  praise  what  htu  betn  done,  it  is  with  the  coexistent  conception  of  tomnhiiij  tUi 
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619.  Of  the  Emotional  Chnncfousnrgs.  —  Althnugh,  as  we  have  seen  (§§  602,' 
609),  there  are  various  forms  of  Emotional  Sensibility  which  are  directly  called 
into  activity  by  spnse-perccptiong,  yet  those  Emotional  states  of  Miod,  which 
directly  or  indirectly  determine  ft  grt'at  part  of  our  conduct,  belong  to  the  level 
of  the  Ideational  eonaciousricss  ;  being,  in  fact,  the  regult  of  the  attachment  of 
the  feelinj^  of  pleasure  and  pain,  and  of  other  forms  of  emotional  sensibility,  to 
certain  classea  of  ideas.  Thus  the  Cerebrum  and  the  Sensory  Ganglia  would 
scera  to  act  jointly  in  their  production  ;  for  whilst  the  Cerebral  Ilemispberes  fur- 
nish the  {deafionaf  part  of  the  material,  the  Sensory  Ganglia  not  only  give  us 
the  consciousness  of  their  result,  but  invest  that  result  with  the  peculiar yJ^/Zn^ 
which  renders  it  capable  of  actively  influencing  our  conduct  as  a  motivf  power. 
This  we  see  rooet  clearly,  when  the  Emotional  stale  takes  the  form  of  a  true 
deiire ;  for  when  this  is  fett,  even  as  rcpards  the  pratificalion  of  a  bodily  appe- 
tite, it  involves  the  existence  of  an  u/ca  of  the  ohjrct  of  desire ;  but  it  is  only 
when  this  idea  is  associated  with  the  contemplation  of  enjoyment  in  the  act  to 
which  it  relates,  or  of  discomfort  in  the  abstinence  from  that  act,  that  it  becomca 
an  impelling  force  towards  the  performance  of  it. — All  ibc  hij:;ber  forms  of  Emo 
tional  consciousness  may  be  decomposed  (as  it  seems  to  the  Author)  in  a  similar 
manner.  Thus,  Benevolence  is  the  pleasurable  contemplation  of  the  happiness 
or  welfare  of  others,  and  shows  itself  olike  in  the  habitual  entertainment  of  the 
abstract  or  general  idea,  and  in  the  direction  of  the  conduct  with  a  view  to  pro- 
mote this  result  in  any  particular  instance  on  which  the  benevolent  desire  maybe 
fixed.  So  there  is  a  positive  pleasure,  in  some  ill-constituted  minds,  in  the  con- 
teroplatirMi  of  the  wwhappiness  of  others;  and  this  we  designate  as  Malevoleaoe. 
Again,  the  Combativeness  of  Phrenologists  is  nothing  else  than  the  pleasurable 
idea  of  setting  one's  self  in  antagonisra  with  others;  which  may  manifest  itself 
either  physically  or  p.sychicaliy,  according  to  the  teniporantent  of  the  individual.' 
So,  Pride  (or  self-esteem)  con,«ig.t9  in  the  pleasuTJihle  contemplation  of  oar  own 
fiuperior  excellencies;  whiLst  the  es.sence  of  Vanity  (or  love  of  approbation)  lie« 
in  the  pleasurable  idea  of  the  applause  of  others.  Again,  in  Conscientiousnesa 
we  have  the  iove  of  right,  that  is,  the  association  of  pleasure  with  the  idea  of 

that  might  have  bfen  done ;  and  when  we  resolve  on  &  courHc  ns  rigfit,  it  ia  to  the  exclusion 
of  some  other  thnt  is  wrong."  TliiB  is  why  we  cnnnot  mtnch  any  tnorsl  cbiimcter  to  lie 
aotiona  of  animals  that  are  performed  uDder  the  drrcclion  of  a  bliod,  undeBigning  iDsttnct, 
leaving  tbeuj  no  choice  between  one  course  and  another;  nor  to  those  which  are  executed 
by  human  beinga,  even  when  possessed  of  their  full  intelligence,  under  the  domination  of 
impulses  which  they  have  it  not  in  their  power  to  re-strain ;  nor,  apain,  to  Uioiie  perfonned 
by  iadivjJuals  whose  moral  sensts  baa  either  been  never  awakened,  or  hait  been  to  cota- 
pletely  misdirected  iiy  early  eduention,  thnt  their  stnndnrd  of  ri^ht  and  wrong  is  altogether 
opposite  to  that  which  the  enlightened  conscience  of  mankind  a;^cea  in  adopting.  Bat, 
although  there  are  doubtlesa  ninny  cases  in  which  criminm]  actions  are  committed  under 
the  impulse  of  passions  (such  as  anger,  lust,  &c.)  which  the  iudiridual  has  not  at  the  mo- 
ment the  power  to  control,  and  although  he  must  be  absolTed  from  moral  respoosibility 
quoad  the  Immediate  motives  of  those  particular  actions,  yet  tfaetie  motives  too  freqaeatly 
derive  all  their  force  from  the  habit  of  3'ielding  to  their  promptings  in  lesaer  matlen, 
which  gradually  gives  them  a  dominance,  such  as  the  Will  (weakened  by  want  of  exerciM 
in  the  habit  of  self-restrnint?  is  unable  to  resist.  Hence  the  crimioiLl  action  is  to  be  re- 
garded as  but  the  expres.oion  of  a  long  previouB  course  of  criminal  thovgkl,  for  which,  in 
so  far  as  he  could  have  otherwise  directed  it,  the  individual  may  legitimately  be  held 
respotjiiiblo. 

'  There  are  indlvidaala  who  never  mBoifeat  the  least  degrea  of  pkyticaj  conbativmai^ 
who  yet  show  a  remarkable  love  of  opposition  in  all  their />«^cAiV*ti/ relations  with  oib*r 
That  objections  will  be  raised  by  such  persons  to  any  plan  that  may  be  propoBod,  we 
always  feel  sure,  though  we  may  not  have  the  remotesit  idea  as  to  what  the  objection 
be  in  each  jmrticuUr  cimo.      Persons  in  whom  this  tendency  eiista  in  &  le«B  promiD« 
degree,  are  apt  to  see  objections  atid  difficulties /)>«/,  although  th<^ir  good  sense  may  sab 
Be«{uenlly  lead  them  to  consider  these  u«  of  less  account,  or  to  be  outweighed  by  the  Bd"] 
vautages  of  the  scheme.     Such  was  tlie  caae  with  the  late  Sir  Robert  Teel.     On  the  otbl 
hand,  thnse  who  are  spoken-of  as  of  languine  temperament,  are  apt  to  lose  aight  of 
intenrealiig  diffioulties,  In  the  pleasurable  aoticipatioa  of  the  r9»%Ut, 
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rigbt ;  Veneration  may  be  de6ned  aa  the  plcasorable  contemplation  of  rank  or 
perfections  nuperior  lo  our  own  ;  and  the  source  of  Ambition,  which  is  in  somt; 
degree  the  ftnta^ooistic  tendency,  lies  in  the  pleasurable  idea  of  self-exaltation. 
In  like  manner,  Hope  i»  ihe  pleasurable  contemplation  of  future  enjojment  j 
Fear  is  the  painful  coateioplation  of  future  evil ;  and  Oaaiiouf>nesa  is  the  combi- 
nation of  the  desire  to  avoid  anticipated  pain,  with  the  pleasurable  contemplation 
(an  extrcmelj  strong  feeling  in  many  individuals)  of  precautions  adapted  to  ward 
it  off.  — Tbo  same  view  may  be  applied  to  the  Jove  of  Order,  of  Possessions,  of 
Country,  of  Wit,  of  Humour,  ifec.,  and  to  many  condition?  usually  considered  as 
purely  Intellectual.  And,  in  fact,  the  association  of  any  tind  of  that  Emotional 
tensibiiit^  (§  G02)  of  which  pleasure  and  pain  afford  the  simpluat  type,  with  avi/ 
idea,  or  class  of  ideas,  gives  to  it  an  Emotional  character;  so  that  Emotional 
states  are  not  by  any  means  limited  within  the  categorica  under  which  Psycholo- 
gists  have  attempted  to  range  them  ;  these  beinir,  for  the  most  part,  tjeni'rie  fcnnitj 
which  comprehend  certain  groups  of  idens  hearing  more  or  leas  similarity  to  each 
other,  but  not  by  any  means  including  hU  possible  combinations.' 

G'20.  By  those  who  regard  the  I'ropenhilies,  Moral  Feelings,  &e.,  as  simple 
states  of  mind,  it  is  usually  said  that  tlicir  indulgence  or  exercise  is  attended 
irilh  pleasure,  and  the  restraint  of  them  with  paiu.  But,  if  the  view  here  taken 
be  correct,  it  is  the  very  co-existence  of  pleasurable  or  painful  feelings  with  the 
idea  of  a  given  object,  that  causes  daire  or  a verxion  as  regards  that  object;  since 
tbe  mind  instiDclively  purauea  what  ia  pleasurable,  and  avuids  what  is  painful. 
And  thus,  according  to  the  readiness  with  which  these  dififereut  classes  of  ideaa 
are  excited  in  different  minds  (partly  depending  upon  original  couslitutioo,  and 
partly  upon  the  habitual  direction  of  the  thoughts),  and  to  the  respective  degrees 
in  which  they  respectively  call-forth  the  diB'ercut  kinds  of  Emotional  sensibility 
(as  to  which  there  is  obviously  an  inherent  difference  amoriigst  individuals,  analo- 
gous to  that  which  exists  with  regard  to  ibe  feelings  of  pleasure  or  pain  excited 
by  external  sensations,  sights,  sounds,  tastes,  odours^  or  contacts),  will  be  the 
dispoailion  of  the  mind  to  entertain  them,  the  frequency  with  whicli  they  will  be 
brought  before  tbe  inentjd  view,  and  the  influence  which  they  will  exert  in  the 
determination  of  our  conduo^ 

621.  The  influence  of  Emotional  conditions,  when  strongly  excited,  in  directly 
producing  involuntary  movements,  is  readily  explained  on  the  idea  that  the  Sen- 
itory  Ganglia  are  the  scat  of  all  coDscinusncss,  aud  the  Cranio-Spinal  axis  the  real 
source  of  all  movement.  For  there  is  no  more  difficulty  in  understanding,  that 
the  excitement  of  peculiar  slates  of  constiousnesg  in  the  Sensorial  centres  through 
the  instrumentality  of  the  Cerebrum,  should  give  rise  to  automatic  movements, 
than  (hat  such  uiovemeuls  should  follow  similar  states  of  consciousness,  when 
excited  by  impressions  made  upon  the  organs  of  vision,  hearing,  &c.  And  the 
correspondence  is  seen  to  be  very  close,  when  the  idea  (as  is  doubtless  the  case 
in  some  iostaoces)  is  very  nearly  akin  to  the  seusalion.  Thus,  the  laughter  ex- 
cited by  tbe  act  of  tickling,  is  a  purely  consensual  movement  (§  538);  but,  lu  a 
very  'ticktish  '  person,  the  mere  i*iea  of  tickling,  suggested  by  pointing  a  finger 
at  him,  is  sufficient  to  provoke  it.  l>c,  again,  as  Laughter  may  he  excited  by  odd 
sighta  or  sounds  which  do  not  in  themselves  excite  any  ideational  state,  but  which 
act  at  once  upon  the  '  sense  of  the  ludicrouti,'  the  same  action  may  be  cnlled-forth 
by  the  vivid  reco  I  lection  of  these  occurrences,  which  being  attended  with  a  state 

'  The  truth  of  tbis  BtAtemeat  must  be  apparent  to  all  who  are  ramilJar  with  the  tnani- 
festatioDB  of  Eccentricity  aud  Insanity;  fur  we  frequently  see  plenaurnble  feelings  asso- 
ciatiug  thomaelves  with  ideas,  whiili  Co  oriiinary  mindB  appear  indifftrtnt,  or  are  even 
regarded  with  pnin ;  and  thus  nrc  engendered  motives,  which  eicrt  a  most  powerful  in- 
flueoce  over  tbe  coD<1uct,  and  which,  if  ddI  kept  in  restraint  by  the  Will,  render  the  whole 
being  Ibeir  stave.  —  It  may  be  also  retnnrked>  in  this  place,  that  the  impossibitity  of  dat- 
ing all  the  Emotional  slates  of  inltid  under  a  limited  number  of  categories,  constitnteti  a 
most  aerioua  and  fundamental  objection  to  any  syj^tem,  whicb  professes  to  mark  out  La  th4 
Cerebrum  distinct  isatj  f«r  the  Animal  Propeosiues,  Moral  Feelings,  &o. 
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of  the  sensorium  corresponding  to  that  originallj  produced  by  the  seasattoo, 
pivtis-rise  to  the  mma  involuntary  cacbinnation.     But  Laughter  maj  also  be  ex- 
cited by  ideas  that  are  much  more  renjoved  from  actual  sensatiooci,  as,  for  eiam- 
pie,  bj  tbofic  unexpected  combinations  of  ideas  of  a  purelj  intellectual  nature, 
which  we  designate  as  '  wittj ;'  and  here,  too,  we  may  reoogniae  the  very  Mme 
modus  (jperantlt.     For  the  mere  Bound  or  sight  of  the  tcorJi  excites  no  fceKng 
of  the  ludicrous ;  the  tn\nation  must  develope  ud  ideational ciiiXifi^ ;  and  it  is  Ihe 
latter  alone,  which,  rencting  downwards  upon  the  Senaoriom,  and  there  becoming 
asaociutcd  with  the  Emotional  (vendibility,  exercise  the  impulse  to  laagh.     The 
same  might  be  shown  to  be  the  case  with  regard  to  the  act  of  Crying;  which 
may  be  citlicr  purely  consensuaij  being  excited  by  painful  sensations  ;  or  may  be 
induced  by  tbe  vivid  recollection  of  past  or  the  anticipation  of  future  sensations; 
or  may  be  excited  by  ideas  which  have  no  direct  relation  to  sensational  statea 
Again,  the  movements  wbich  take  place  under  tbe  violent  excitement  of  the  pas- 
sion of  Anger,  are  of  the  f^anic  involuntary  character;  being  directly  prompted 
by  feelings,  which  may  be  called-up  cither  by  external  sensations,  or  by  internal 
ideas  that  have  a  like  power  of  excitiDg  tbem.     Thus  the  passionate  man  who 
receives  a  blow,  instinctively  makes  another  blow  in  the  direction  from  which  it 
[Beemcd  to  him  to  come,  without  any  thought  of  whether  the  blow  was  accidentii 
[or  intentional ;  and  tbe  idea  of  an  insult,  which  is  a  source  of  mental  diitturbaooe, 
[jnay  excite  the  very  same  movement,  althougb  no  bodily  euSering  had  been  expe- 
Jrienced.     In  states  of  excessive  Seiujil  excitement,  again,  the  desire,  which  arisei 
out  of  the  idea  of  the  object  (§  619),  produces  involuntary  movements  corrs- 
sponding  to  those  which  arc  ordinarily  linked-on  to  tbe  actual  sensations  alone. 
, There  are  many  of  the  muvementfi  of  Expression,  which  are  referable  in  like 
manner  to  states  of  conseiousueSvS,  whether  pleasurable  or  painfnl,  which  may 
Arise  from  ideational  as  well  as  from  sensutioual  conditions.     Thus,  as  we  bave 
seen,  the  Cheerful  aspect  of  some  individuals  is  due  to  a  sense  of  general  phytiml 
well-being,  and  is  altogether  discomposed  by  anything  which  disturbs  this;  whilst 
in  others,  it  may  proceed  from  a  happy  frame  of  mind  (which  may  be  partly  the 
result  of  original  constitution,  and  partly  of  habitual  self-direction"),  disposing 
them  to  take  tbe  cheerful  view  of  everything  that  affects  themselves  or  others, 
notwithstanding  (it  may  be)  great  bodily  discomfort.    And  the  reverse  aspect  of 
[,  Gloom  may  in  like  manner  proceed  alike  from  bodily  or  from  mental  uneasiness. 
— All  these  facta  point,  therefore,  to  the  conclusion,  that  whether  the  elemen- 
tary states  of  Emotional  sensibility  associate  Ihemselves  with  Sensations,  with 
Perceptions,  or  with  Ideas,  they  are  simple  modes  of  consciouimeu,  the  organic 
seat  of  which  must  be  in  the  Sensorial  centres;  and  this  corresponds  well  with 
the  character  of  the  purely  Emotional  movements,  which,  as  we  have  seen,  are 
closely  allied  to  tbe  Scii^ori -motor,  ia  the  directness  with  which  they  respond  to 
tbe  stimuli  that  excite  tbem. 

622.  That  the  Emotional  and  Volitional  movements  differ  as  to  their  primal 
sources,  ia  obvious,  not  merely  from  the  fact  that  they  are  frequently  in  antago- 
nism with  each  other,— the  Will  endeavouring  to  restrain  the  Emotional  im- 
pulse, and  either  succeeding  in  doing  so,  or  being  vanquished  by  the  superior 
force  of  the  latter, — but  also  from  the  curious  fact,  which  Pathological  observa- 
tion bus  brought  tu  light,  that  muscles  which  will  still  act  in  obedience  to  £mo> 
tional  impulses,  may  be  paralysed  to  Volitional,  and  vice  vend.  Thus  for  example, 
the  arm  of  a  man  affected  with  hemiplegia,  which  no  effort  of  his  will  could  move, 
has  been  seen  to  b©  violently  jerked  under  the  influence  of  the  mental  agitation 
consequent  upon  the  sight  of  a  friend.  And  in  the  case  of  softening  of  the  Spinal 
Cord  already  referred-to  (§  503  note),  the  choreic  moTemcots,  which  were  brought- 
on  by  the  mere  approach  of  any  one  to  the  patient's  bed,  and  still  more  strongly 
by  putting  a  question  to  him,  were  most  violent  in  the  lower  limbs,  over  which 
he  bad  not  the  least  voluntary  power.  It  is  in  the  different  forms  of  paralysis  of 
the  Facial  nerve  however^  which  is  the  one  most  peculiarly  subservieot  to  the 
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movements  of  Expression,  that  we  have  the  best  evidence  of  this  distinctness. 
For  it  sometimes  happens  that  the  niusclefi  fupplied  hy  this  nerve  are  paralysed 
BO  far  08  regards  the  Will,  and  jet  are  still  affected  bj  Einetional  states  of  miod, 
and  take  their  usual  part  in  the  automatic  actions  of  Respiration,  &c.,  rctaioing 
also  their  usual  tensioo,  bo  thut  no  difitortion  is  apparent  unless  Yoluotary  uiove- 
meots  be  attempted :  thus,  to  select  an  action  which  may  be  performed  cither 
coDsensuallj,  emotionally,  or  volantarilj^  a  patient  affected  with  this  form  of 
paralysis  cannot  close  the  eyelid  by  an  act  of  bis  will,  although  he  winks  when  he 
feels  the  uneasy  eonsation  that  excites  the  action,  and  shuts  the  lids  when  the 
gadden  approach  of  an  object  to  tbe  eye  excitea  the  fear  of  injury  to  that  organ, 
Oo  tho  other  hand,  the  paralysed  condition  may  exist  in  regard  to  the  automatic 
and  emotional  actions  only,  so  that  the  muticles  lose  their  tension,  the  mouth  is 
drawn  to  one  side,  the  movements  of  exprepsion  are  not  performed,  and  there  is 
no  involuntary  winking:  yet  the  Will  may  still  exert  its  accustomed  control,  and 
may  produce  that  closure  of  the  lids  which  does  not  take  place  in  reppoTJiJcnce 
to  any  other  impulse.' — It  has  been  inferred  by  Dr.  M.  Hall,*  from  cases  of  thi» 
kind,  that  the  Emotional  octions  are  among  those  which  are  performed  by  his 
'true  spinal'  system  of  nerves,  as  distinct  from  the  sensori-volitional,  and  that 
they  therefore  fall  under  the  general  category  of  excito-motor  actions.  But  it  is 
obvious  that  they  differ  from  these  in  their  dependence,  not  merely  upon  sensa- 
tions, but  also  upon  higher  states  of  mind;  and  there  is  no  proof  whatever,  that 
the  same  nerve-fibres  do  not  serve  for  the  conduction  of  the  motor  impulses  pro- 
ceeding from  the  two  different  ntentul  sources,  Volition  and  Emotion,  as  we  have 
seen  that  they  probably  do  for  the  volitional  and  automatic  impulses  (§  550).* 

623.  The  Emotions  ure  concerned  in  Man,  however,  in  many  actions,  whieh 
are  in  themselves  Btrictly  voluntary.  Unless  they  be  s-o  strongly  excited  aa  to 
get  tho  better  of  the  Will,  they  do  not  operate  downwards  upon  the  Automatic 
centres,  but  upwards  upon  the  Cerebral  j  supplying  the  mnlivei  by  which  the 
course  of  thought  and  of  action  is  hnbitually  deiermined  (§  C76}.  Thus,  of  two 
individuals,  with  diffcrcDily-conatitutcd  minds,  one  shall  judge  of  everything 
through  the  medium  of  a  gloomy  and  morose  temper,  which,  like  a  darkened 
glass,  represents  to  his  judgment  the  whole  world  in  league  to  injure  him ; 
and  his  detcrnnnatious  being  all  based  upon  this  erroneous  view,  its  indications 
are  exhibited  in  his  actions;  which  are  ihemsclves,  nevertheless,  of  an  entirely- 
voluntary  character.  On  the  other  hand,  a  person  of  a  cheerful,  benevolent 
disposition,  looks  at  the  world  around  as  through  a  Claude-Lorraine-glas?,  seeing 
everything  in  its  brightest  and  sunniest  aspect ;  and  with  intellectual  faculties 
precisely  similar  to  those  of  tlie  former  individual,  he  will  come  to  opposite  con- 
clusions; because  the  materials  wliich  form  tlie  basis  of  his  judgment,  are 
submitted  to  if  in  a  very  different  condition.  Various  forms  of  Moral  Insanity 
exhibit  the  same  coDtrast,  in  a  yet  more  striking  light  (§  707).  We  not  unfre- 
quenily  meet  with  individuals,  still  holding  their  place  in  society,  who  ana 
accustomed  to  act  so  much  upon  imptdae,  and  to  be  so  little  guided  by  rcufon,  va 
to  be  scarcely  regarded  SiS  sane;  and  a  very  little  exaggeration  of  such  a  ten- 
dency causes  the  actions  to  be  so  injuriou.o  to  the  individual  himself,  or  to  thus ; 
around  him,  that  restraint  is  recjuircd,  although  the  inlcllect  is  iu  uo  way  disot- 
dered,  nor  arc  any  of  the  feelings  perverted.     Not  uafrequently  wq  may  observo 

'  8m  til*  detailed  accoanta  of  Buch  cases  in  Sir  C.  Bell's  work  on  "  Tbe  Nervous  Sjstetn  of 
tbe  Human  Body;"  aUo  "Brit,  and  For.  Med.  Rev.,"  vol.  iv.  p.  fiOO,  and  vol.  xiii.  p.  661. 

*  "  Memoirs  on  tho  Nervous  Sj^Btem,"  18.37,  pp.  94.  e(  leq. 

'  lo  tbe  earlier  editions  of  this  Treatise,  the  Author  maintained,  upon  the  principled 
advocated  by  Dr.  M.  Hall,  that  there  must  be  dtBtinct  centres  tad  conducting  fibre<;  for 
Volitional,  Emotional,  and  Reflex  movements.  Having  since  arrived  &t  what  he  believes 
to  be  a  much  simpler  explnrmtion  of  the  phenamenii,  and  one  more  in  accordance  with  the 
facta  of  the  case,  be  has  not  teaitaied  to  make  known  the  change  in  his  cunvictiona,  aod 
would  hope  that  he  may  induce  thuae  who  may  hare  adopted  bis  previotui  opiniona,  in 
rMooaider  the  sabjeet  under  tbe  aspeot  in  wliich  he  has  now  placed  it. 
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similar  inconsiatencies,  resakiti«;  from  the  habitual  indulgence  of  one  partiailar 
feeling,  or  from  a  morbid  exaggeration  of  it.     The  mother  who,  tbroujih  weak- 
ness of  Will,  yields*  to  her  instinctive  fondness  for  her  offspring,  in  »llowinp  it 
pratificationa  wbtcb  she  knows  to  be  injurious  to  it,  is  placioi:^  hersK'lf  below  th*< 
level  of  many  less  j;ifted  beinfrs.     The  habit  of  yieldinjr  to  a  natunl  inSroiity  of 
lent  per  often  leads  into  paroxysms  of  ungovernable  rage,  which  in  their  tarn, 
pa3s  into  a  state  of  maniacal  excitement.     It  is  not  unfrequentJy  Feeo,  lh»t 
delusion  of  the  inklkct  (constituting  what  is  commonly  known  as  Munomai 
has  in  reality  resulted  from  a  disordered  state  of  the /crlingSf  which  have  repn 
sented  every  occurrence  in  a  wrong  light  to  the  mind  of  the  individua)  (§7091 
All  such  conditions  are  of  extreme  interest^  when  compared  with  tbow  wl 
are  mct-with  amongst  idiots,  and   animals   enjoying  a  much    lower  degree 
intelligence:    for  the  result  is   much  the    same,  in  whatever  way  the 
between  the  feelings  and  the  judgment  (which  ia  so  beautifully  adjusted  io 
well-ordered  mind  of  Man)  is  disturbed  j  whether  by  a  diminution  of  the  Vo 
un(ary  control,  or  by  an  undue  exaltation  of  the  Emotions  and  passions. 
6*24.  This  double  mfHhts  opfmmli  of  the  Emotional   consciousnesa,- 
tcnrth  through  the  iien'e-trunks  uptm  the  Muscular  apparatus,  and  also 
many  of  the  organic  functions  (cflAP.  iv.), — and  vpiranfg  upon   those  Cerebi 
actions  which  give-rise  to  the  higher  states  of  Mental  consciousness, — affords 
satisfactory  explanation  of  a  fact  which  is  practically  familiar  to  most  oV 
of  Human  nature;  namely,  that  violent  excitement  of  the  feelings  most 
subsides,  when  these  unrestrainedly  expend  themselves  (so  to  speak)  io  th< 
natural  expressions.     Thus  it  may  be  commonly  noticed    that    those  who 
termed  dimonstrati've  persons  are  less  firm  and  deep  in  their  attachments,  ll 
those  who  manifest  their  feelings  less;  for  without  any  real  insincerity  or  int 
tional  fickleness,  the  strongly-excited  feelings  of  the  former  are  rapidly  calmed* 
down  by  the  expenditure  of  the  impulse  to  action  which  they  have  genenteja 
whilst  in  the  latter  the  very  same  feelings,  acting  internally,  acquire  a  pennaot 
place  in  the  psychical  nature,  and  habitually  operate  as  motives  to  the  coada 
So,  again^  persons  who  are  'quick-tempered,'  nmnift-sting  great  irascibility  vf 
small  provocations,  real  or  aupposrd,  are  usually  soon  appeased,  and  soon  fo 
the  affront;  whilst  those  who  make  little  or  no  display  of  anger,  are  very  apt! 
brood-over   and    cherish    their    feelings   of   indignation,    and    may    visit   (b(' 
upon  the  unfortunate  object  of  them,  when  some  favourable  opportunity  bapp 
to  occur,  long  after  he  had  supposed  that  the  occurrence  which  bad  g;iven  ri«ft( 
them  was  forgotten.     There  is  un  instinctive  restlessness,  or  tendency  to  gene 
bodily  movement,  in  some  individuals,  when  they  are  suffering  under  emotin 
excitement;  the  indulgence  of  which  appears  to  be  a  sort  of  safety-valve  fori 
excess  of  nerve-force,  whilst  the  attempt  at  it«  repression  is  attended  with 
increase  in  the  excitement.     Most  persons   are   conscious  of  the    difficulty 
flitting  still,  when  they  are  labouring  under  violent  agitation,  and  of  the 
which  is  afforded  by  active  exercise  ;  and  this  is  particularly  the  case  when  tl 
movements  are  such  as  naturally  express  the  passion  that  is  excited.      Thus  the 
combative  propensities  of  the  Irish   peasant  commonly  evaporate  speedilv  wiA 
the  free  play  of  the  shillelagh ;    many  irascible  persona  find  great  relief  in  I 
hearty  explosion  of  oaths,  others  in  a  violent  slamming  of  the  door,  and  otl 
(whoso  excitement  ia  more  moderate  but  less  transient)  in  a  prolonged 
grumbling.'     So,  again,  if  a  ludicrous  idea  be  suggested  to  our  oonscioosDi 

'  Thle  view  is  most  fully  confirmed  by  certnin  phpnomena  of  Insanity.     It  is  a  di 
now  generally  received  nmnng  pmcticHl  tn«ii,  Ihiit  pnraxvsms  of  riolent  emotional  tsi 
ment  are  much  more  likely  to  subside,  vheu   they  are  allo-nred  to  'work   thenistlTW 
freely,  without  any  attempt  at   mechanical   restraint;    and   maniacal    patienta  an 
pinced,  tD  nil  well-ntnoaged  Asylums,  io  padded  rooms,  in  which  their  movetnenta  cai 
no  injury  to  themselTea  or  others. — The  following  case  wns  r(>Iatpd  to  the  Author  by) 
friend  Dr.    Howe,  of  L^oslnn,  N.   E.,  the  ioBtruotor  of  Laura  Bridgmao.     A   Lalf-idii 
vouih  ia  th«  LiumUc  Aeylum  of  tLak  plaot,  was  tlie  subject  (like  many  in  hia  «oQdt< 
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ooeuloniog  ao  impulse  to  laugh,  n  bearty  <  f2;u(iBW  '  generally  works-off  the  cxcit«> 
mcof,  and  we  maj  be  surprised  a  short  time  afterwards  thatsuoli  aa  absurdity  ehould 
have  provoked  our  rbibility  ;  hut  tf  vie  restrain  the  explosion,  the  idea  ooottnaes  to 
*  haunt'  as,  and  is  coDtinuallj  perturbing  uur  trains  of  thought  uotil'  we  have  given 
free  vent  to  the  expression  of  it.  Again,  it  is  well  known  tbat  the  depressing  emo- 
lioDS  are  often  worked-off  by  a  fit  of  crying  and  aobbing;  and  the  *  relief  of  tears' 
seems  manifestly  due  to  the  expenditure  of  the  peat-up  nerve-force,  in  the  produc- 
tion of  an  increased  secretion.  It  is  noticed  in  this  case,  too,  that  the  absence  of 
SDj  such  cxtornal  tnanifeHtationa  of  tho  depressing  emotions^  gives  them  a  much 
greater  influence  upon  the  course  of  thought,  and  upon  the  bodily  state  of  the 
individual.  Those  who  really  'die  of  grief/  are  not  those  who  are  loud  and 
Tehement  in  their  lamentations,  for  their  sorrow  is  commonly  transient,  however 
vehement  and  sincere  while  it  la^ta ;  but  they  are  tho^ic  who  have  either  designedly 
repressed  any  such  manifestations,  or  who  have  experienced  no  tendency  to  their 
display;  and  their  deep-seated  sorrow  seems  to  exert  the  same  kind  of  anti-vital 
influence  upon  the  organic  functions,  that  is  exercised  more  violently  by  'shock;' 
producing  their  entire  cessation  without  any  structural  lesion.' 

625.  The  influence  of  Emotional  excitement  may  operate  upon  the  muscles, 
however,  not  only  in  giving-riso  to  movemcnta  which  can  be  attributed  to  no 
other  source,  but  also  in  aflx?cting  the  power  of  the  Will  over  the  muscular  sys- 
tem, by  intensifying  or  weakening  its  action.  For  there  can  be  no  doubt  that, 
under  the  strong  influence  of  one  class  of  feeling?,  the  Will  can  eflect  results  such 
as  the  individual  would  scarceHy  even  attempt  in  his  calmer  moments  ;  whilst  the 
influence  of  another  class  of  feelings  is  exercised  in  precisely  the  opposite  direction, 
weakening  or  even  paralysing  the  force  which  was  previously  in  full  activity.  But 
the  same  emotion  does  not  always  act  in  the  same  mode ;  thus,  the  fear  of  danger 
may  nerve  one  man  to  the  most  daring  and  vigorous  efforts  to  avert  it,  whilst 
another  is  rendered  powerless,  and  givea-way  to  unavailing  lamcntatiooa ;  and 
the  ardent  anticipation  of  succeaa  may  so  unsettle  the  determinative  energy  of  one 
aspirant,  as  to  prevent  him  from  attaining  his  object,  whilst  another  may  only  be 
sustained  by  it  in  the  toilsome  struggle  of  which  it  is  the  flnal  reward.  Now  in 
order  that  this  variety  may  be  explained,  and  the  vioJns  operandi  of  the  Emo- 
tions on  strictly  Volitional  actions  may  be  duly  comprehended,  we  must  here 
state  two  of  the  essential  conditions  of  the  latter;  one  of  which  is,  that  there 
should  be  not  merely  a  distinct  conception  of  the  purpose  to  he  obtained,  but  also 
a  belief  that  the  purpose  will  or  at  least  may  be  attained;  whilst  the  other  is, 
that  the  mental  energy  should  be  to  a  great  extent  withdrawn  from  other  objects, 

of  freqaent  and  violent  pnroxjarDS  of  aager;  and  with  the  view  of  moderating  theee, 
it  was  BQggested  that  he  should  be  kept  for  aome  time  ererj  daj  in  rather  fatiguing 
exercise.  Aocordingl^r  he  was  empliojed  for  two  or  three  houra  doily  in  sawing  wood, 
to  which  task  he  made  no  objection ;  and  the  paroxysms  of  rage  never  displayed  them- 
selves,  except  on  Sundays,  when  hia  ecDptoymeot  was  intermitted.  It  baring  been  con- 
sidered, however,  that  it  waa  better  for  him  to  spend  part  of  that  day  in  aawing  wood, 
than  to  be  irascible  during  the  whole  of  it,  his  occupation  was  continued  through  the 
whole  week,  when  he  became  completely  tamed-down,  aDul  nerer  gave  any  more  trouble 
by  his  poosionate  diapiaya. — This  cose  appears  to  the  Author  a  most  raluable  confirmation 
of  the  doctrine  laid  down  in  the  text;  which  ia  one  whose  practical  bearings  are  most 
important. 

'  The  Author  once  heard  the  following  singDlar  case  of  tbi9  kind  : — One  of  two  sisters, 
orphans,  who  were  strongly  attached  to  eaoh  other,  became  the  subject  of  consumption ; 
she  was  noat  tenderly  nursed  by  her  sinter  during  a  long  illness ;  but  on  her  death,  the 
l>tt«r,  instead  of  gifing  way  to  grief  in  the  manner  that  might  hare  been  anticipated, 
appeared  perfectly  uamoved,  and  acted  almost  aa  if  nothing  hod  happened.  About  a 
fortnight  after  her  sister's  death,  however,  she  was  found  dead  in  her  bed;  jet  neither 
had  there  been  any  symptoms  during  life,  nor  woa  there  any  post-mortem  appearance, 
which  in  the  least  degree  accounted  for  this  event, — of  which  no  explanation  seems  admio- 
eible,  except  the  depressing  inSuence  of  her  pent-np  grief  upon  her  frame  generally, 
through  the  nerrous  system. 
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and  should  be  concentrated  upon  that  towards  which  the  Will  is  directed. — ^It  is 
within  tho  experience  of  every  one,  that  there  ia  nothing  which  teoda  n  muoh 
to  the  success  of  a  volitional  efiFort,  as  a  confiJcnt  expectation  of  ita  gnecea; 
whilst  nothing  is  so  likely  to  induce  failure,  as  the  apprehension  of  it.     Now,  in 
80  far  as  regards  this  mode  of  their  operation  alone,  the  tendency  of  the  chee 
or  joyous  emotions  being  to  sugpest  and  keep-alive  the  favourable  anticipatio 
whilst  that  of  tho  depressing  emotions  (of  almost  any  kind)  is  to  bring  before 
view  all  the  chances  of  fuilurc,  the  former  will  increase  the  power  of  tlie  vi 
tional  effort,  and   the  latter  will  diminish  It.      And  they  exert  also  a  d; 
influence  on  the  physical  powers,  through  the  organs  of  circulation  and  re«pii 
tion  J  the  heart's  impulses  beinc^  more  vipnnius  and  regular,  and   the  aeration 
the  blood  being  more  effectually  performed,  in  the  former  of  these  condiu 
than  in  the  latter. — But  an  altofrether  contrary  effect  may  be  produced  bj 
operation  of  these  two  classes  of  EmotioDs  through  the  second  of  the  above  chi 
For  the  more  completely  the  tucntal  energy  can  bo  brought  into  one  foci 
id  all  distracting  objects  excluded,  the  more  powerful  will   be  the  voUiii 
effort;  and  the  effect  of  emotional  excitement  will  thus  in  great  degree 
upon  the  intellectual  constitution  which  the  individual  may  happen  IQ 
For  if  he  have  a  considenible  power  of  abstraction  and  concentration, 
conviction  that  he  has  selected  the  best  or  the  only  means  to  accomplish 
the  intonsest  fear  of  the  consecjuences  of  failure  will  only  increase  the 
the  motive  which  prompts  the  effort;  and  the  whole  energy  of  which  his  ai 
IB  capable,  will  display  itself  in  the  attempt.     In  a  man  of  this  temperament 
most  joyous  anticipation  of  success  will  produce  no  abatement  of  his  effoits, ; 
distraction  of  his  attention,  but  will  rather  tend  to  keep  him  steady  to  his 
pose  until  it  shall  have  been  accomplished;  and  then  only  does  he  dare 
don  himself  to  the  current  of  ideas  which  rolls-in  upon  his  consciousneM, 
as  his  attention  is  free  to  entertain  them.     But  the  nnod  which  is  defii 
the  power  of  concentrativeness,  is  lanientably  deranged  by  any  kind  of  emotioi 
excitement,  in  the  performance  of  any  volitional  effort.     For  the  fear  of  failinf 
is  constantly  suggestiu};  to  him  new  distresses,  weakens  his  confidence  io  Mj 
method  su;;rge3ted  for  hia  action,  and  drakes  fain]  direct  his  attentioD,  not  to  tome 
fixed  plan  us  the  best  or  the  only  feasible  one,  but  lo  any  and  every  means  tlul 
may  present  a  chance  of  success,  or  may  even  serve  to  avert  his  thoughts  from 
the  dreaded  catastrophe;  whilst,  on  the  other  hand,  the  joyous  anticipation  of 
success  leads  him  to  allow  his  thoughts  to  direct  theiuselrcs  towards  all  its  Bgn»- 
able  consetjuences,  instead  of  fixing  his  intellectual  and  volitional  energy  npoo 
the  means  by  which  success  ist»>  be  attained. 

G26.  If  this  be  the  true  solution  of  the  mode  in  which  the  Emotions  chii 
affect  the  exercise  of  our  Volitional  powers,  we  should  expect  that  similar  eft 
might  he  induced,  without  any  Emotional  excitement,  by  means  which  aflfect 
Inlc-Ucctual  consciousness  alone;  and  that  thus  au  action  otherwise  impoesibls 
the  individual  may  be  performed  by  him,  if  (I)  his  mind  be  possessed  with 
full  assurance  of  success,  and  (*2)  if  his  entire  motor  energy  be  concentrated  in 
the  single  exertion;  whilst,  on  the  other  hand,  an  action  which  can  be  ordinarilj 
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tracted  by  a  variety  of  objecta.  so  that  he  cannot  bring  it  to  bear  upon  the 
effort  which  may  alone  be  needed. — Now  experience  shows  that  such  is 
the  ease;   but  as  this  experience  is  the  most  remarkable  in  regard  to  c 
Btates  of  the  mind  in  which  these  two  uiudea  of  operation  may  be  worked 
combination,   it   will   be   sufficient   to   refer  to   them   for   the    demonetntkm 
(§§  66t>,  t)72). 

G*27.   Succfimion  of  Psychical  Slate*. — The  Mind,  when  not  engrossed  in  Sen- 
latioaal  or  Perceptive  acts,  is  incessantly  occupied  in  thinking ;  its  whQle.in|tt 
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tuccaston  of  latas  ana  Ji^mofions,  only  suspended  by  Sleep  and 
J>eath,  or  interrupted  by  the  coucentratioQ  of  its  attention  on  impressions  newly 
received  from  eitemal  objects.  Now  whatever  difference  of  opinion  tiiere  may 
be,  in  regard  to  the  degree  in  wblch  tbe  ordinary  laws  of  Causation  are  applicable 
to  Mental  phenomena  (to  other  word.«,  as  to  how  far  each  state  of  conBclousness 
may  be  considered  as  dttermintd  by  its  antecedents),  al!  are  agreed  that,  in  each 
individual,  there  are  certain  tniijhrmiiies  of  nwntal  actionf  which  constitute  what 
is  termed  bis  Character  j  and  that  these  uuifDrmitieH  are  in  part  the  result  of  his 
Cuogcntt:il  constitution,  and  in  part  of  the  circuuistances  in  which  he  may  have 
1)ecn  placed ;  both  of  which  sets  of  influences  concur  to  establish  certain  tc^xfindet 
to  (hout/ht,  which  mauifest  themselves  in  bis  ordinary  course  of  action,  as  well  as 
in  the  more  express  products  of  bis  Mental  labour. — Thus  wc  iind  the  Intellectual 
character  of  each  judividua]  to  consist  in  tbe  predominance  of  certain  '  Intellectual 
Faculties/  which,  as  we  shall  hereafter  see,  are  only  designations  for  particular 
modes  of  Intellectual  activity;  and  hence  we  con  predicate,  to  a  certain  extent, 
the  nature  of  the  result  at  which  his  Mind  will  arrive  by  its  exercise  upon  a  given 
subject.  So,  again,  his  Moral  character  will  depend  upon  tbe  combinution  which 
may  exist  in  ht^  individual  nature,  of  those  Emotional  tendencies,  which  not 
merely  furnish  a  large  share  of  the  governing  motives  of  his  actions,  but  which 
also  contribute  in  a  very  important  measure  to  the  direction  of  his  tboutrhts,  m 
virtue  of  that  law  of  our  nature  which  leads  us  to  dwell  ou  those  subjects  where- 
with pleasurable  feelings  are  associated,  and  to  withdraw  our  contemplation  from 
those  which  are  accompanied  with  feelings  of  pain  or  discomfort. — Now  in  so  far 
as  the  succession  of  our  thoughts  takes-plaee  in  accordance  with  the  hiihifudea 
which  are  thus  determined,  mjiy  we  consider  that  our  character  is  formed /ur  us, 
rather  tbuo  by  usj  and  may  lu4.ik  upon  our  Mental  activity,  whether  it  manifest 
itself  in  the  form  of  Thought  or  of  Feeling,  as  no  less  Antomatic  than  the 
iDstioctive  operutioDS  of  tbe  lower  auimals,  though  far  more  elevated  in  its 
nature. 

628.  But  our  own  consciousness  tells  us  that  there  is  something  in  out 
Piychical  nature,  that  is  beyond  and  above  this  automatic  exercise  of  our 
powers;  and  that  the  diroetion  of  oar  thoughts,  within  certain  limits,  is  placed 
under  the  control  of  the  Will,  Tlicse  limits  are  partly  universal,  and  partly 
peculiar  ti)  the  individual.  It  may  be  stated  as  a  fundamental  axiom,  thiit  the 
Will  can  ori'jimitc  nothing;  its  power  being  limited  to  the  sf/cction  and  iittrnniji' 
cation  of  what  is  actually  befure  the  consciousness.  Thus  no  one  has  ever 
acquired  tbe  creative  power  of  Geuiui*,  or  made  himscl/a  great  Artist  or  a  great 
Poet,  or  yainal  by  prcutia:  that  peculiar  insight  which  characterises  the  original 
Discoverer;  for  these  gifts  are  mental  instincts  or  intuitions,  whith  may  be 
developed  and  strengthened  by  due  cultivation^,  but  which  can  never  be  gene- 
rated f/«  novo.  It  not  unlVec|Ut'ntIy  happens,  however,  that  such  gifts  lie  dor- 
mant, until  some  appropriate  impression  excites  them  to  activity  ;  and  it  is  then 
that  we  most  obviously  see  what  the  Will  can  do  to  perfect  arid  utilize  them,  by 
exercising  them  under  circuuistances  moat  fitted  to  expand  and  elevate,  and  by 
restraining  thera  from  al!  that  would  limit  or  debase.  In  regard  in  every  kind 
of  mental  activity  that  does  mA  involve  origination,  the  power  uf  the  Will,  though 
limited  to  selection,  is  otherwise  unbounded.  For  although  it  cannot  directly 
bring  objects  before  the  consciousness  which  are  not  present  to  it,  yet  it  ran  con- 
centrate  the  meutul  gaze  (so  to  speak)  upon  any  object  that  may  he  within  ils 
reach,  and  can  make  use  of  this,  as  we  shall  bereaftt-r  see,  to  bring-tn  other 
objects  by  suggestion  or  association.  And,  moreover,  it  can  virtually  determine 
what  shuU  not  he  regarded  by  the  Mind,  through  its  power  of  keeping  the 
attention  fixed  in  some  other  direction  ;  and  thus  it  can  subdue  the  force  of  vio- 
lent impuUe,  and  give  to  the  conflict  of  opposing  motives  an  issue  fjuite  diffrrtnt 
from  that  which  wuuld  ensue  without  its  interference.  This  exercise  of  the  Will, 
moreoverj  if  habitually  exerted  in  certain  directions,  will  tend  to  form  the  '  ch^ 
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racter/  by  establishing  a  ect  of  acquired  hahilvJes  j  vbicb,  no  less  thtn  those 
dependent  upon  original  conBtitution  and  circumstances,  belp  to  deteraioe  th« 
conKcqutnces  of  any  particular  state  of  tbe  thoughts  and  feelings. 

629.  We  have  scon  that,  in  those  actioop  of  the  Ner\'oufl  system  (as  of  oilier 
parts  of  the  body)  in  which  the  Will  is  not  concerned,  we  have  sioiply  to  con- 
sider the  two  elements  of  which  we  take  account  in  all  scientific  inquiry;  oanielj, 
the /ore*  that  operatep,  and  the  orffavizrd  tirncture  on  and  through  which  it 
operates,  —  in  other  words,  the  dynamical  apency,  and  the  material  conditions. 
And  if  wc  could  imagine  a  being  to  ^ow-up  from  infancy  to  maturity,  with  a 
mind  in  the  state  of  that  of  a  'biolopized'  Bubjcct  (§  672),  we  should  see  th»t 
it  would  be  etrictly  correct  to  ppenk  of  his  character  as  formed  ^ct  him  and  not 
hi/  him ;  all  his  ihoughte,  feelinps,  and  actions  being  but  the  reflex  of  his  cnra 
nature  upon  the  imprcfsions  made  upon  it;  and  that  nature  being  detenntDed  io 
part  by  original  couetitution,  and  in  part  by  the  mode  in  which  it  is  habitaalW 
called  into  action.  —  This  last  condition  is  one  that  is  peculiar  to  a  living  lod 
growing  organism ;  and  it  i»  one  which  cantot  be  too  strongly  or  too  eonrtindy 
kept  JD  mind.  A  mere  inorganic  substance  reacts  in  precisely  the  same  mode  to 
mechanical,  chemical,  electrical,  or  other  agencies,  however  frequently  ibeB 
are  brought  to  bear  upon  it,  provided  it  has  been  restored  to  its  original  coft- 
dition  ;  thus  water  may  be  turned  into  steam,  the  steam  condensed  into  water, 
and  the  water  raised  into  steam  again,  any  number  of  times,  without  tbe  slipbteit 
^m  variation  in  the  effects  of  the  beat  and  cold  which  are  the  efficient  causes  of  tlie 

^^^1  change.     But  every  kind  of  activity  peculiar  to  a  living  body,  inrolves  (as  Im 

^^^^^j  been  repeatedly  shown)  a  change  of  etnicture ;  and  the  formation  of  the  newlr- 
^^^^|B  generated  ti!>sue  receives  such  an  influence  from  the  conditions  under  which  it 
^^^^^^  originates,  that  all  its  tubpfqucnt  activity  displays  their  imprcFs.  Tbe  readioeN 
^^H  with  which  particular  habitudes  of  thought  are  formed,  varies  greatly  in  diffetest 

^^H  individuals  and  at  different  period^t  of  life.  As  a  general  rule,  it  is  far  greater 
^^^B  during  the  period  of  growth  and  development,  than  after  the  system  has  coioelO 

^^H  its  full  maturity ;  and  remembering  that  those  new  functional  relations  betiri?*n 

^^H  other  parts  of  the  Nervous  system,  which  give  rise  to  the  *  secondarily-automatic' 

^^H  movements  or  acquired  instincts,  are  formed  during  the  same  period,  it  aeiODi 

^^H  fair  10  surmitie  thrxt  the  substance  of  the  Cerebrum  grotrf-to  tbe  conditions  aofo 

^^H  which  it  is  habitually  exercised.     Hence,  as  its  subsequent  nutrition  (accordiBg 

^^V  to  the  general  laws  of  assimilation,  §  346)  takes-place  on  the  same  plan,  ween 
V  understand  the  well-known  force  of  early  associationsj  and  the  obstinate  peni)»- 

■  tence  of  early  habits  of  thought. 

G30.  This  view,  indeed,  must  be  extended  to  that  remarkable  herrditarylrvm- 
misiion  of  psychical   character,  which  presents  itself  under  circumstancM  tlal 
*  entirely  forbid  our  attributing  it  to  any  agency  that  can  operate  subsequenllj  to 

birth,  and  which  it  would  seem  impossible  to  account~for  on  any  other  hypotboif, 
than  that  the  formative  capacity  of  the  germ  dt-termines  the  subsequent  develop- 
ment of  the  Brain,  as  of  other  ports  of  the  body,  and  (through  this)  its  naie 
of  activity,  in  accordance  with  the  influences  under  which  that  germ  was  firrt 
impregnated.  Anji  thus  what  we  .'^peak-of  as  the  '  original  constitution  '  of  «di 
individual,  is  in   great  part   (if  not   cntirelj)  determined    by  the   conditions, 

BdynHUiical  and  material,  of  the  parent-organisms;  a  convincing  proof  of  which 
general  fact,  is  afforded  by  a  careful  examination  of  the  parental  constitution  tad 
habits,  in  a  large  proportion  of  cases  of  Idiocy.'  Whatever  may  be  the  txmp' 
niud  constitution,  however,  there  can  be  no  question  that  this  is  liable  to  giwt 
modification  from  eiternal  influences,  both  such  as  directly  affect  its  physical  cob- 
ditioDS,  and  such  as  operate  through  the  consciousness,  in  determining  thecoom 
of  thought  and  feeling,  before  the  individual  has  acquired  any  eelf-detenniniog 


'  A  moBt  f alutible  collection  or  ilfita  on  tTiln  subject  is  nfTorded  by  Dr.  Howc'i  sdounUi 
'  Report  on  Idiocy*  mode  to  the  L«g;islnture  of  MatFachuBetts.  of  which  an  abstract  it  M» 
taiued  id  tbe  "American  Journal  of  tbe  Medical  Soiencea,"  April,  1849. 
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power.  Of  this  influence  of  pbysical  agencies,  we  have  a  typical  example  in  the 
|>benoiiieBa  of  CretiniHui ;.  since,  although  the  conditioos  under  which  that  state 
IS  developed  Itave  not  yet  been  preciaelj  determined,  no  one  can  reasonably  doubt 
that  they  are  such  as  act  in  the  first  iustrinee  id  modifying  the  nutrition  and 
activity  of  the  bodily  organism  in  general,  and  of  the  Nervoua  system  in  par- 
ticular. 

631.  But,  further,  the  pRjchical  tendencies  of  every  one  undergo  a  consecu- 
tive change  in  the  progress  of  life.  Infaucy,  Childhood,  Youth,  Adolescence, 
Adult  age,  the  period  of  Decline,  and  8enil)ty,  have  all  their  characteristic  phases 
of  psychical  i&  of  pbysical  development  and  decline;  and  this  is  shown,  not 
merely  in  the  general  advance  of  the  Intollectual  powers  up  to  the  period  of 
middle  life,  and  in  their  subsequent  decay ;  but  in  a  gradual  change  in  the 
Valapce  of  the  springs  of  action  which  arc  furnished  by  the  Emotional  statefi,  the 
pleasures  and  pains  of  each  period  being  (to  a  cerlaiii  extent)  of  a  different  order 
from  those  of  every  other.  This  diversity  may  be  partly  attributed  to  changes 
in  the  physical  constitution;  tbus^  the  sexual  feeling,  which  bus  a  most  powerful 
influence  on  the  direction  of  the  thoughts  in  adolescenccj  adult  age,  and  middle 
life,  has  comparatively  little  effect  at  the  earlier  and  later  periods.  So,  again, 
the  thirst  for  novelty,  and  the  pleasure  in  mental  activity,  wh-Jeh  so  rcmarkuhly 
characterize  the  young,  when  contrasted  with  the  obluaeness  to  new  impressions 
and  the  pleasure  in  tranquil  occupations^  which  mark  the  decline  of  life,  may 
perhaps  be  attributed,  in  part  at  least,  to  the  greater  activity  of  the  changes, 
both  of  disintegration  and  reparation,  of  which  the  Nervoua  gy.stem  (in  common 
with  the  rt'St  of  the  orgiioized  fabric)  is  the  subject  during  the  earlier  part  of 
life,  and  to  its  diminished  activity  aa  years  advance.  But  there  are  other  changes 
which  cannot  be  so  distinctly  traced  to  any  physicnl  source,  but  which  yet  are 
sufficiently  contitant  in  their  occurrence  to  justify  their  being  regarded  as  a  part 
of  the  developmental  history  of  the  psychical  nature;  bo  that  each  of  the  '8even 
Ages  of  Man'  has  its  own  character,  which  may  be  with  difficulty  defined  in 
«ord<,  but  which  is  recognized  by  the  apprehension,  as  it  forces  itself  upon  the 
experience,  of  every  one. 

632.  Lairg  nf  AiBociation.  —  The  most  powerful  agency  in  the  Automatic  de- 
termination of  the  succession  of  our  Mental  states,  is  undoubtedly  that  tendency 
which  exists  in  all  Minds  that  have  attained  the  Iduaiiunu)  stage  of  development, 
to  the  Association  o/'  Ideas;  that  is,  to  the  formation  of  such  a  connection 
between  two  or  more  ideaif,  that  the  presence  of  one  tends  to  bring  the  other  also 
before  the  cDnsciousneas;  or,  in  other  words,  each  tends  to  sfnjgrst  the  other. 
Certiiin  Laws  of  Association,  expressive  of  the  conditions  under  which  this  con- 
nection is  formed,  and  the  mode  in  which  it  acts,  have  been  bid  down  by 
Psychologists;  and  these  may  be  concisely  stated  as  follows : — 1.  Law  of  Vonti- 
yuitjf.  Two  or  more  statt-s  of  consciousness,  habitually  existing  together  or  in 
iuiiuediate  succession,  tend  to  cohere,  so  that  the  future  occurrence  of  any  of 
tbeui  is  sufficient  to  rtstore  or  revive  the  other.  It  is  thus  (to  take  a  simple  il- 
lustration) that  the  impressions  made  upmi  our  scnsation^il  conficiouaness  by  natu- 
ral objects,  which  are  usually  received  through  two  or  more,  senses  at  once,  arc 
compacted  into  those  aggregate  ntitious,  which,  however  simple  they  n)oy  appear, 
are  really  the  result  of  the  intimate  o<'mbination  of  many  distinct  states  of  idea- 
tion. Thus  our  notion  of  they'urm  of  an  object  is  uiadc-up  of  scparato  notions 
derived  from  the  Tissual  and  muscular  senses  rispcclively ;  our  notion  of  the  cha- 
rncU-T  of  its  surface,  from  the  combination  of  impressions  received  through  the 
vihuul  and  tactile  senses;  and  with  both  of  thtse  our  nutiou  of  colour,  as  in  the 
CSI8C  of  an  orange,  may  be  so  blended,  that  we  do  not  readily  uonceivc  of  its  cha- 
racteristic form  and  surfiice,  without  al^o  having  before  our  mind»  the  hue  with 
"which  tbege  have  been  always  as.->ociated  in  our  experience,  ^o,  aguin,  the  ex- 
ternal aspc-ct  of  a  body  suggests  to  our  minds  it«  internal  arrangement  and 
qualiiits,  such  as  we  have  before  found  them  invariably  to  be;  thus,  to  use  the 
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preceding  SlluBtratioTi,  fbe  shape  and  colour  of  the  orange  bring  before  oor  eMK' 
BciousnesB  its  fraprant  odour  and  agreeable  taste,  us  well  as  the  internal  structure 
of  the  fruit.  And  ottr  notion  of  'an  orange'  mupt  be  eonpidercd  as  the  aggre- 
gate of  nil  the  preceding  ideas.  —  Not  only  the  different  ideas  excHed  by  one 
object,  but  those  calli'd-up  by  objects  entirely  di^imilar,  may  thus  come  to  be 
associated,  provided  that  the  imiud  bns  been  accustomed  to  the  preeentatJoo  of 
thera  in  frequent  contifruity  one  wi>b  the  other.  Such  conjunetinns  may  he 
natural,  that  is,  tbey  may  arise  out  of  the  *  order  of  nature  ;*  or  they  may  be  »r- 
tifieial,  being  due  to  human  arrangements ;  all  that  is  requisite  ie,  th»l  «bej 
should  have  sufficient  permanence  and  constancy  to  habituate  our  minds  to  lie 
association.  —  Of  this  Inw  of  cooticuity,  moreover,  we  have  a  most  im^^'ftant 
example  in  the  association  which  the  mind  early  learns  to  form  between  eucc«fr 
give  evmlx,  so  that  when  the  first  has  been  followed  by  the  second  a  rafictMt 
number  of  times  to  form  the  af>Bociation,  the  occurrence  of  the  fir^t  sn^gMti  Um 
rjea  of  the  second ;  if  that  idea  be  verified  by  its  occurrence,  a  definite 
lion  is  formed;  and  if  that  expectation  be  unfailincly  realized,  the  idea 
the  strength  of  a  Miff.  And  thus  it  ia  that  we  come  to  acquire  tha 
the  notion  of  '  cause  and  effect,'  which  consi.=ls  in  invariable  and  nt 
<juenec,  and  to  fonu  our  futidauicntal  conception  of  the  inviiriubility  of  Nat 
It  is  by  the  same  kind  of  operation  again,  that  we  eome  to  tniployr  words  a» 
symbols  of  ideas,  for  the  convenience  of  intercommunication  and  referei 
(§  Glil)j  a  certain  number  of  repetitions  of  the  sound,  concurrently  with 
sight  of  the  object,  or  the  suggestion  of  the  notion  of  that  object,  being  suffic 
to  cstabliBh  the  required  relatinu  in  our  minds.  Of  the  large  share  which 
kind  of  action  takes  in  the  operations  of  Memory  and  RtcoHevtion^  evideDCC 
be  presently  given.' 

033.  But  a  not  less  important  '  tendency  to  thought,'  and  one  whose  operalioQ 
is  more  concerned  in  all  the  higher  exercises  of  our  Reasoning  faculties,  i?  that 
which  may  be  expressed  under  the  designation  of  the  Laxc  <>f  Similarity,  and  wbiA 
consists  iu  the  gcnenil  fact  that  any  present  state  of  consciousness  tends  to  xtvift 
previous  states  that  are  similar  to  it.  It  is  thus  that  we  instinctively  inveft  a 
new  object  with  the  attributps  we  have  eome  to  recognize  in  one  that  we  h»« 
previously  examined,  (o  which  the  new  object  bears  such  a  resemblance,  tlut  (Jm 
flight  of  the  latter  suggests  those  ideas  which  our  minds  connect  with  the  fonner. 
Thus,  we  will  suppose  a  man  to  have  once  seen  and  eaten  an  orang© ;  when  b* 
sees  an  orange  a  second  time,  altbcugh  it  may  be  somewhat  larger  or  smilkr, 
somewhat  rougher  or  smoother,  soniewhat  lighter  or  darker  in  hue,  he  rcco^Bbei 

'  It  ia  a  curious  exitiKi|;)le  of  the  Automatic  action  of  the  mind,  in  accordance  vilb  <kt 
laws  of  Asftociution,  ibiit  k  young  child  who  hnppen!)  to  posseea  two  modes  of  eomamaiok- 
ting  its  ideas,  spf-ma  iineonsciously  to  select  that  which  is  conformable  to  the  reeeplivil^ 
of  the  person  adiircMed. — Thue,  Dr.  C.  B.  RaddiiTis  ("Philosopbj  of  Vital  MotioB.**p. 
187)  Tni'iitions  tha  cn»e  of  u  child  belonging  to  an  English  fitmil;  resident  in  Oennanj,  iili4 
had  ac<^|iiired  the  prmer  of  spciikiug  on  ordinBry  nintters  either  in  German  or  En^ikk. 
without  cuufubiaig  the  words  or  idioms:  bat  who  jet  fecmed  iuTanHbly  compelled  to  rrflj 
in  the  languftge  of  the  person  he  w«»  addressing.  Thus,  in  convejing  a  ine^^nge  to  hit 
Qermfiii  nurssery-mnid,  ho  dplivercd  it  in  Gerninn,  though  it  had  been  received  the  mootMit 
prcriously  in  English  ;  but  on  returniuft  to  the  English  fumily  in  the  pnrlor,  if  unked  nkit 
the  maid  had  said,  he  nti^vrered  in  English  ns  often  as  the  question  was  prt>po9«<l  m 
Eng1i!«li ;  itnd  even  though  pressed  to  pve  the  words  he  hn-d  heard  in  the  nurserv,  be  Mill 
continued  to  do  the  same,  without  seeming  to  be  awnre  of  the  dilTercnec.  But  if  «!»« 
que«tinn  mas  put  to  him  in  Germ«n,  the  uuewer  was  in  German,  there  being  thr  «»« 
inability  to  replj  in  Englitihi,  as  thi-rc  hnd  previou.ily  been  to  give  a  German  answer  to 
the  Kiiglisth  (jucslioD.  —  So  Dr.  Kitto  f  ■'  The  Lost  Sense*,"  toI.  i.  p.  97)  telle  ua  thui  bii 
children,  in  their  Bucce.«siTe  infHncics,  w<mld  begin  to  imitate  the  finger-langunge  vA^rrvr 
iknt  taw  Am,  even  whilst  they  were  yet  in  nrma,  nnd  could  hare  no  true  cugnitance  «<f 
liis  peculiar  condition. — The  more  cnrefully,  indeed,  the  nctiims  of  Childhood  are  ob««Tv(d, 
the  more  obTioua  does  it  become  that  tbey  are  solely  prompted  by  ideas  and  frelia 
which  automalLoally  succeed  one  another,  in  uncontrolleil  oocordance  with  tba 
■uggeatiun. 
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it  u  '  an  oranee/  and  mentally  assigns  to  it  the  fragrance  and  sweetish  acidity  of 
the  one  which  he  had  preyioasly  eaten.  But  if,  instead  of  heing  yellow,  the 
frail  were  green,  he  wonld  donbt  of  its  being  an  orange;  and  if  assured  that  it 
■till  was,  but  had  not  oome  to  maturity,  he  would  no  longer  expect  to  find  it 
sweet,  the  notion  of  intense  acidity  being  suggested  to  his  mind  by  his  previous 
experience  of  other  green  and  unripe  fruit.  —  It  is  in  virtue  of  this  kind  of 
action,  that  we  extend  those  elementary  notions  which  are  primarily  excited  by 
sensation,  to  new  objects.  Thus,  the  idea  of  roundness  (like  other  notions  of 
form)  is  originally  based  on  the  combination  of  the  muscular  and  visual  sensa- 
tions, and  must  be  first  acquired  by  a  process  of  considerable  complexity ;  but 
when  onoe  derived  from  the  examination  of  a  single  object,  it  is  readily  extended 
to  other  objects  of  the  same  character. — So,  again,  it  is  by  the  operation  of  this 
mental  tenden<7,  that  we  recognize  similarity  where  it  exists  in  the  midst  of  dif- 
ferenoe,  and  separate  the  points  of  agreement  from  those  of  discordance ;  and 
thisy  again,  not  merely  as  regards  objects  which  are  before  our  consciousness  at 
the  same  time  or  in  oloee  succession,  but  also  with  regard  to  all  past  states  of 
oooscionsness.  It  is  thus  that  we  identi/y  and  compare,  that  we  lay  the  foun- 
dations  of  dassifioation,  and  that  we  recover  all  past  impressions  which  have  any- 
thing in  common  with  our  present  state  of  consciousness.  The  intensity  of  this 
tendenoy,  and  the  habitual  direction  which  it  takes,  vary  extremely  in  different 
individiuda.  Some  have  so  great  an  incapacity  for  recognising  similarity,  that 
they  can  only  perceive  it  when  it  is  in  marked  prominence,  their  minds  taking 
much  stronger  note  of  diffierenoes;  whilst  others  have  a  strong  bias  for  the  deteo- 
tioo  of  resemblances  and  analogies,  and  discover  them  where  ordinary  minds 
eannot  recognize  them.  Some,  again,  address  themselves  to  the  discovery  of 
similarity  among  objects  of  sense,  whilst  others  study  only  those  ideas  which  are 
the  objects  of  our  internal  consciousness ;  and  it  is  in  the  detection  of  what  is 
essentially  similar  among  the  latter,  that  all  the  higher  operations  of  the  intel- 
lect essentially  consist.  Even  here  we  find  that  some  are  contented  with  super- 
ficial analogies,  whilst  others  are  not  satisfied  until  they  have  penetrated  by 
analysis  to  the  depths  of  the  subject,  and  are  able  to  compare  its  ftindamental 
idea  with  others  of  like  kind. — It  may  be  remarked  that  this  mode  of  action 
of  the  mind  is  in  some  degree  opposed  to  the  preceding ;  for  whilst  contiguity 
leads  to  the  arranging  of  ideas  as  they  happen  to  present  themselves  in  natural 
jaxtaposiUon,  and  thus  to  induce  a  routine  which  is  often  most  unmeaning 
C§  676),  timilarity  breaks  through  juxtaposition,  and  brings  together  like  objects 
from  all  quarters. 

634.  It  is  this  habit  of  mind,  which  is  of  essential  value  in  all  the  sciences  of 
Ctaaaification  and  Induction.  Thus,  in  the  formation  of  generic  definitions  to 
include  the  characters  which  a  number  of  objects  have  in  common,  their  subor- 
dinate differences  being  for  a  time  left  out  of  view,  we  are  entirely  guided  by 
the  reoognition  of  similarity  between  the  objects  we  are  arranging ;  and  the  same 
is  the  case  in  the  formation  of  all  the  higher  groups  of  fiimilies,  orders,  and 
olaases,  the  points  of  oimilarity  becoming  fewer  and  fewer  as  we  proceed  to  the 
more  comprehensive  groups,  whilst  those  of  difference  increase  in  corresponding 
proportion.  The  sagacity  of  the  Naturalist  is  shown  in  the  selection  of  the  heat 
points  of  resemblance,  as  the  foundation  of  this  classification ;  the  value  of  charao 
ters  being  determined,  on  the  one  hand  by  their  constancy,  and  on  the  other  by 
their  degree  of  coincidence  with  important  features  of  general  organization  or  of 
pbysiologieal  history.*  In  the  determination  of  Physical  laws,  the  process  is  some- 
what of  the  same  kind ;  but  the  similarities  with  which  we  have  here  to  do,  are 
nut,  as  in  the  preceding  case,  objective  resemblances,  but  exist  only  among  our 

'  Thus,  for  example,  it  U  now  generally  admitted  amongst  Zoologists,  that  the  Impla- 
enital  Mammalia  uould  oonstitate  a  separate  sab-class,  In  virtae  of  the  peculiar  confor- 
BMtion  of  their  generative  apporatos,  instead  of  bwig  distribated  among  other  Orders,  as 
th«7  wen  left  bj  Caviar. 

87 


678 


FUNCTIONS   OF   THE  CERKBB0-6PINAL  NERVOUS  SYSTEM. 


subjective  idcaB  of  the  nature  and  causes  of  the  phenotnena  brought  under  our 

coDfyideratioo.     Thus,  there  is  no  ohviotia  relation  between  the  fall  of  a  stone  to 

the  Earth,  aud  the  motion  of  the  Moon  in  an  elliptical  orbit  around  it}  but  the 

penetrating  mind  of  Newton  detected  a  relation  of  c&mmon  causation  between 

these  two  phenoniCDa,  which  enabled  him  to  ezpresa  them  both  under  one  law. 

[It  was  by  a  like  intelleetua!  perception  of  similarity,  that  FrankliD  was  led  to 

[determine  the  identity  of  Lighjuing  with  the  spark  from  an  Electrical  machine. 

I  And  it  would  be  easy  to  »bow  that  it  has  been  in  their  extraordinary  development 

[of  this  power  of  recognizing  causative  similarity,  leading  to  a  kind  of  Intuitive 

'perception  of  its  existence  where  as  yet  no  ado(|uate  ground  can  be  assigned  by 

the  lleasnn  for  such  a  relationfihip,  that  those  men  have  been  eminent,  who  have 

(•dona  the  moat  to  advance  sciouce  by  the  process  of  inductive  generalization. 

6U5.  The  same  kind  of  mental  action  is  also  employed  in  the  contrary  direc- 
tion ;  namely,  in  that  applieatiun  of  general  laws  to  particular  instances,  which 
^nstitutf^s  Iktlmiivf  Rm^'tiiixj ;  and  in  that  extension  of  generic  definitions  to 
Hew  objects,  which  takes-place  upon  every  discovery  of  new  species.     We  may 
[trace  it  again,  even  in  the  extension  of  the  meaning  of  words  so  aa  to  become 
applicable  to  new  orders  of  ideate,  in  consequence  of  the  resemblance  which  the 
I  latter  are  felt  to  bear  to  those  of  which  the  words  were  previously  the  symbols: 
'as  in  the  application  of  the  word  'head,'  which  primarily  designated  the  most 
elevated  part  of  the  human  body,  in  such  phrases  as  the  'head  of  a  house,*  the 
I* head  of  a  s.tate,'  the  '  head  of  an  army,'  ihe  •  head  of  a  mob,'  in  each  of  which 
^tbe  idea  of  superiority  and  command  is  involved;  or  in  the  phrases  the  'heads 
of  a  discourw!,'  or  the  'heads  of  an  argument,'  in  which  we  slill  trace  the  idea  of 
■uthority  or  direction  ;  or  in  the   phra.«e8  the  'head  of  a  table,'  the  'bead  of  a 
river,'  in  which  the  idea  of  superiority  or  origin  cornea  to  be  locally  applied;  or 
in  the  '  bead  of  a  bed,'  or  '  head  of  a  coffin,'  in  which  we  have  the  more  distinct 
local  aasociation  with  the  position  of  the  bead  of  man.     Of  the  foregoing  appli- 
cations, those  first  cited  belong   to  the  nature  of  a  metaphor,  which  has  been 
defined  to  be  "a  simile  comprised  in  a  word  ;"  and  the  judicious  use  of  metaphors, 
which  froctuonlly  adds  force  as  well  as  ornamentat  variety  to  the  diction,  is  xacsB^ 
seen  amongst  men  who  possess  a  great  power  of  bringing-togcther  tbe  *like'  ia 
the  midst  of  the  '  unlike.' 

636.  Every  effort,  in  fact,  to  trace-out  unity,  consistency,  and  harmony,  in  the 
midst  of  the  wonderful  and  (at  first  Fight)  perplestng  variety  of  objects  and 
phenomena  iuuidst  which  we  are  placed,  is  a  manifestation  of  this  tendency  of 
the  Human  Mind;  and,  when  conducted  in  Bccordancc  with  the  highest  teach- 
ings  of  the  Intellect,  or  guided  by  that  Intuition  which  in  some  minds  $upersed^^| 
and  anticipates  at!  reasoning,  it  enables  U5  to  rise  towards  the  comprehension  S^^ 
that  great  Idea  of  the  Universe,  which  we  believe  to  exist  in  the  Divine  Mind, 
in  a  majestic  simplicity  of  which  we  can  here  but  faintly  CHjnccive,  and  of  which 
all  the  phenomena  of  Nature  are  but  the  manifestations  to  our  oonsciousneis.-' 
With  this  purely  intellectual  operation,  there  is  frequently  associated  a  peculiar 
feeling  of  pleasure,  which  constitutes  a  true  Emotional  state.  All  the  disco- 
veries of  Identification,  where  use  and  wont  are  suddenly  broken  through,  and^^ 
common  feature  h  made  known  among  objects  previously  looked-on  aa  CDtird[[^| 
different,  produce  a  flash  of  agreeable  surprise,  and  the  kind  of  sparkling  che*?^ 
fulness  that  arises  from  the  sudden  lightuiug  of  a  burden.  There  are  few  who 
devote  themselves  to  the  pursuit  of  Science,  who  do  not  experience  this  pleasur*, 
either  from  (he  detection  uf  new  relations  of  similarity  by  their  own  perception 
of  them,  or  in  the  recognition  of  them  as  developed  by  otliers.  It  is,  however, 
much  more  intense  in  some  minds  than  in  others;  and  according  to  its  inten«ty, 
will  it  act  as  a  motive  in  the  prosecution  of  scientific  inquiry  amidst  discourage- 
'  tnents  and  difficulties.  It  ia  recorded  of  Newton,  that  when  he  was  bringing  hii 
it  idea  of  the  causative  relation  between  terrestrial  gravity  and  the  motions 
'.he  heavenly  bodies,  to  the  test  of  calculation^  his  agitation  became  ao  great, 
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that  he  coold  not  complete  the  compatation,  and  was  oliliged  to  request  a  friend 

to  do  80. 

637-  Althougli  tbe  wngle  relationB  established  between  Ideas,  either  through 
Contigaity  or  through  Similarity,  may  suffice  for  their  mutual  connection,  yet 
that  connection  becomes  much  strooger  when  two  or  more  such  rtlati^ms  exist 
consenuneoualy.  Thus,  if  there  be  present  to  our  minds  two  stales  of  conscious- 
ness, each  of  tbem  associated,  either  by  contiguity  or  siniilBrity,  with  some  third 
»(atc  that  is  past  and  ^out  of  mind'  at  the  time,  the  compound  action  la  more 
effective  than  cither  action  would  be  separately  ;  that  is,  although  the  suggestions 
might  be  separately  too  weak  to  revive  the  past  state  of  consciousness,  they  re- 
produce it  by  acting  together.  Of  this,  which  has  been  termed  the  Law  of  L'om- 
jpoitnd  Astociation,  wo  have  examples  continually  occurring  to  us  in  the  pheno- 
loena  of  Memory ;  but  it  is  especially  brought  into  operatiou  in  the  voluntary 
act  of  Recollection  (§  644). 

638.  Another  mode  in  which  the  Associative  tendency  operates,  is  in  the  for- 
mation of  aggregate  conceptions  of  things  that  have  never  been  bmught  before 
our  consciousness  by  sensory  impressions.  This  faculty,  which  has  been  termed 
that  of  Conntructive  Associafion^  ia  the  foundation  of  Imagination ;  and  it  is  ex- 
ercised in  every  other  mental  operation,  in  which  we  pass  from  the  known  to  the 
unknown.  When  we  attempt  to  form  a  conception,  which  shall  differ  from  ono 
that  we  liave  already  experienced  as  a  matter  of  objective  reiilityj  by  the  intro- 
duction of  only  a  single  new  element, — as  when  we  imagine  a  brick  building 
replaced  by  one  of  stone,,  in  every  respect  simitar  as  to  size  and  form, — wo  sub- 
stitute in  our  minds  the  idea  of  stone  for  that  of  brick,  and  associate  it  by  the 
principle  oF  contiguity  with  those  other  ideas,  of  which  that  of  the  whole  build- 
ing is  an  aggregate.  So,  again,  if  we  conceive  a  known  building  transferreil 
from  its  actual  site  to  some  other  already  known  to  us,  we  dissociate  the  esisting 
combinations,  and  keep-together  the  ideas  which  were  previously  separated,  until 
their  contiguity  has  so  intimately  united  them,  that  the  picture  of  the  supposed 
combination  may  present  itself  to  ihc  mind  exactly  as  if  it  had  been  a  real  eceoe 
which  we  had  long  and  familiarly  known.  By  a  further  extension  of  the  same 
power,  we  may  conceive  the  elements  to  be  varied,  as  well  as  tbe  mode  of  their 
combination  J  and  thus  we  may  bring  before  our  consciousness  a  representation, 
ID  which  no  particular  has  ever  been  present  to  our  minds  under  any  similar 
aspect^  and  which  is,  therefore,  a»  a  whole  entirely  new  to  us,  notwithstanding 
that,  when  we  decompose  it  into  its  ultimate  elements,  we  shall  find  that  each  of 
these  has  been  previously  before  our  consciousness.  Such  a  representation,  by 
being  continually  dwelt-on,  many  come  to  have  all  the  force  and  vividness  of  one 
derived  from  an  actual  sensory  impression  ;  and  we  can  scarcely  conceive  but 
that  tbe  actual  state  of  the  Scnsorium  itself  must  be  (he  same  in  both  cases, 
though  this  state  is  induced  in  the  one  case  by  an  act  of  Mind,  nnd  in  the  other 
by  objective  impressions. — A  very  common  modus  operatuN  of  this  ■  constructive 
■asociution,'  is  the  realization  of  a  landscape,  a  figure,  or  a  countenance,  from  a 
pictorial  representation  of  it.  Every  picture  miisi  be  essentiaHy  defective  in 
Bome  of  the  attributes  of  the  original,  as,  for  example,  in  the  representation  of 
the  projection  of  objects;  and  ail,  therefore,  that  the  picture  can  do,  is  to  khc/- 
yest  to  tbe  mind  an  idea,  which  it  completes  for  itself  by  this  constructive  pro- 
cess, 8o  as  to  form  an  aggregate  which  may  or  may  not  bear  a  resembfance  to  the 
originul,  according  to  the  fidelity  of  the  picture,  and  the  mode  in  which  it  acta 
upon  the  mind  of  the  individual.  Thus  to  one  person  a  mere  sketch  shall  con- 
vey a  much  more  accurate  notion  of  the  object  represented,  than  a  more  finished 
picture  shall  give  (o  another;  because  from  practice  in  this  kind  of  rocntjd 
reconstruction,  the  former  recognises  the  true  meaning  of  tbe  sketch,  and  fills  it 
up  in  his  '  tnind's  eye  ;'  whilst  the  latter  can  see  little  but  what  is  actually  before 
his  bodily  vision,  and  interprets  as  a  literal  presentation  that  which  was  intended 
merely  as  a  suggestion.     And  it  ia  now  generally  admitted,  that  in  all  tbe  higher 
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forms  of  representative  Art,  the  aim  should  be,  not  to  call  into  exercise  tlie 
facnitj  of  mere  objective  reafiztithn,  but  to  addrei^  that  higher  power  of  idnlu 
xati'onf  which  invests  the  conception  suggested  by  the  representation,  with  attri- 
butes more  exalted  than  those  actually  possessed  by  the  original,  yet  not  incon- 
sistent with  them.  It  depeods,  however,  as  much  on  the  mind  of  the  individual 
addressed,  as  on  that  of  the  Artist  liinieelf,  whether  such  conceptions  shall  be 
formed  ;  since  by  those  who  do  not  pnpsess  this  pnwer,  the  highest  work  of  Art 
IB  only  appreciated,  iu  so  far  as  it  enables  them  to  realize  the  object  which  il 
may  represent, 

639.  InteUectval  Faculties. — Having  thus  pointed-out  what  may  be  oooBdered 
the  most  elementary  forms  of  Mental  Action,'  we  shall  briefly  pass  in  retiew 
those  more  complei  operations,  which  may  be  regarded  as  in  great  part  eon- 

Lpounded  of  theui.  The  capacity  for  performing  these  is  known  as  the  Intellect 
or  the  Reasoning  Power  j  and  the  capacities  for  these  various  forms  of  Intel- 
lectual activity,  which  it  is  convenient  to  distinguish  for  the  sake  of  making  our- 
. selves  more  fully  ncijuaioted  with  them,  ore  termed  '  Intellectual  Faculties'  It 
•ppears  to  the  Author,  howeircr,  to  be  a  fundamental  error  to  suppose,  that  the 
entire  Intellect  can  be  spUt-np  into  a  certain  number  of  faculties ;  for  each 
faculty  that  is  distinguished  by  the  Psychologist,  expresses  nothing  else  than  t 
miofh  of  activity,  in  which  the  whole  power  of  the  Mind  may  be  engaged  at 
once, — just  as  the  whole  power  of  the  locomotive  steam-engine  may  be  emplnj«d 
in  carrying  it  forwards  or  backwards,  according  to  the  direction  given  to  ill 
action.  And  if  this  be  true,  it  must  be  equally  erroneous  to  attempt  to  panxl> 
out  the  Cerebrum  into  distinct  'organs'  for  these  respective  faculties-,  the  whole 
of  it  (so  far  88  we  can  form  a  judgment)  being  called  into  operation,  in  e«Ty 
kind  of  intellectual  process  which  occupies  the  attention  at  the  time. 

640.  We  have  seen  (^  592)  that  the  Consciousness  may  either  be  the/xnn'w 
tecipient  of  the  impressions  of  external  objects,  or  may  be  actively  directed 

awards  them  j  and  that  in  the  latter  state,  it  may  single-out,  from  amonpata 
.large  number  of  impressions  that  present  themselves  6imuItaDenn«i]y,  some  parti- 
I«ular  group,  whose  force  becomes  extraordinarily  intensified,  whilst  the  renuunder 
pass  entirely  unnoticed.  This  state  of  Attention  maybe  either  automatic  Oiwtli- 
tiunoli  being  the  result,  in  some  instances,  of  the  force  of  the  impression,  or  of 
the  peculiar  attraetivencss  which  the  object  may  happen  to  possess  for  us  ;  whilst 
it  may  al^o  be  induced  by  a  determinate  effort  of  the  Will. — Ni»w  the  Terr  sine 
difference  between  our  states  of  Consciouaaess  exists  in  relation  to  Mental' open- 
lions  ;  which  may  take  place,  on  the  one  hand,  without  more  tban  a  passive  «)g> 
Sizance  of  them  on  our  own  part;  whilst,  on  the  other  band,  our  Attention  nay 
e  activelf/  directed  to  them.  And  the  same  difTcrence  exists  also  in  reeard  10 
the  result  of  this  direction;  for  the  Menial  atsto,  of  whatever  nature  it  maybe, 
■upon  which  the  Attention  is  fixed,  becomes  intensified  to  such  a  degree,  a?  lo 
exclude  for  the  time  the  cogniicance  of  other  operiitions,  and  to  acquire  a  ticcaiisr 
'jjower  of  suggesting  other  Mental  states  with  which  it  may  have  some  link  of 
Association  (§644).  This  direction  of  the  Attention  to  states  of  CerebnJ 
activity,  may,  like  its  direction  to  impressions  received  through  the  Orgs d»  of 
Sense,  be  either  automatic  or  i-olilionul.  In  the  former  ca.se,  the  mind  ii 
engrossed  for  the  time  by  some  idea  or  emotion,  in  virtue  of  the  intensity  widi 
which  it  has  been  calJed-up,  or  of  the  peculiar  hold  which  it  has  upon  our  oaturt; 
»nd  it  may  remain  thus  fixed,  until  this  mental  state  shall  have  given-rise  tocooe 
'Other,  or  sbnll  have  expended  its  force  in  bodily  action,  or  until  the  attention  ha 
;VeeQ  determinately  detached  from  it  by  an  exertion  of  the  Will.     In  the  latter 

'  In  the  foregolog  brief  eipositioD  of  the  laws  and  leailirag  phenomena  of  Mpntjil  .As- 
sociation, the  Autbcvr  has  deriTed  great  aid  from  the  excellent  article  on  ■  The  Hatna 
Mind,*  contributed  to  Mesers.  Chambers's  "  Information  for  the  People,"  by  his  friend  Mr. 
Alexander  Bain. — Though  not  agreeing  irith  all  the  vievs  expressed  in  that  article,  iim 
Author  oon  cordially  recommead  the  perusal  of  it  to  his  readers. 
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ca*e,  the  mental  gaze  h  fixed  (so  to  speak)  by  a  purposive  effort,  upon  some  sinjrle 
state,  or  on  some  class  of  ideas  or  feelings,  which  the  individual  desires  to  make 
the  special  object  of  contemplation  ;  and  it  is  by  means  of  this  selfctimj  power, 
and  of  the  tendency  of  the  mental  state  thus  intensified,  to  call-forth  other  stales 
with  which  it  has  pre-furmed  links  of  associatinn,  that  the  Will  possesses  that 
power  of  directing  the  current  of  thoutrht  and  feeling,  which  characterizes  the 
fully -developed  Mao  (§§  668,  669). — Thus  it  is  in  the  degree  of  attention  which 
we  btstow,  upon  certiiiu  classes  of  ideas  presented  to  ua  by  Sugc^estion,  that  our 
power  of  unimj  our  Minda  in  any  particular  mode  consists;  and  hence  we  see  the 
fundamental  importance  of  early  learning  to  fix  our  attention,  and  to  resist  all 
influences  which  would  tend  to  distract  it.  And  this  is  essential,  not  merely  to 
the  advantageous  employment  of  our  Intellectual  powers,  but  also  to  the  due  regu- 
lation of  our  Einotioaal  nature;  for  it  is  by  fixing  the  attention  upon  those  states 
of  feeling  whieb  we  desire  to  intensify,  and  conversely,  by  withdrawing  it  from 
thotie  which  we  desire  to  repress  (which  is  most  easil}-  effected  by  choosing  some 
of/<cr  object  that  exercises  a  healthful  attraction  towards  ua),  that  we  can  encou- 
rage the  growth  of  what  we  recognize  as  worthy,  and  can  keep  in  check  what  we 
kuow  to  be  wrong  or  undesirable. 

641.  The  intentional  direction  of  the  attention  to  external  objects,  is  what  is 
commonly  known  as  Obfercatkm ;  thos*  men  being  designated  as  '  observant,' 
who  do  not  allow  their  attention  to  be  so  fur  engrossed  by  one  object  or  occur- 
rence, or  (as  very  frequently  happens)  by  their  own  trains  of  thought,  as  to 
exclude  the  cognisance  of  what  may  be  taking  place  around  them  ;  whilst  those 
are  spokeu-of  as  *  unobservant,'  who,  by  allowing  their  consciousness  to  remain 
lixed  upon  some  one  object  or  train  of  thought,  prevent  it  from  receiving  a  legiti- 
mate degree  of  iniuence  from  other  impressions  received  and  transmitted  to  the 
Sensorium  by  the  on^^ins  of  sense.  That  intentional  direction  of  our  conscious- 
Dens  to  what  is  passing  within  us,  which  not  merely  intenaifies)  the  mental  state, 
but  separates  and  brings  it  forwards  as  a  subject  of  observation,  is  sometimes 
designated  as  Jiejkciion,  but  is  more  appropriately  termed  I/ilrospecttan. 

t>42.  The  reproduction  of  past  states  of  consciousness  by  cither  of  the  forms  of 
suggestive  action  already  described,  constitutes  what  ia  known  as  -Memort/.' — 
There  seems  much  ground  for  the  belief,  that  ever^  ideational  state  which  has 

'  It  la  commanlj  stated  that  Memory  consiats  in  the  renewal  of  past  sensations  and  of 
the  i<iea4  the;  have  excited  ;  but  it  may  be  questioaed  whether  we  can  primarily  bring  to 
our  minds  anything  else  thun  the  iinpreNsions  left  by  idtaa,  and  whether  the  retjiiM  of  lenta- 
tion*  is  not  a  secondary  change,  dependent  upon  the  reaction  of  LdealionHl  (Cert^bral) 
changes  upon  the  Seneorium.  For  if  we  wish  to  reproduce  any  scn.'tational  state, — whether 
Tiau&U  auditory,  olfactive,  gnstative,  or  tiictile, — we  first  recall  the  notion  of  some  object  by 
which  tfaat  state  was  formerly  produced;  and  it  is  oaly  by  keeping  that  notion  strongly 
before  our  consoiousnese,  that  we  can  bring  ourselves  to  see,  hear,  smell,  taste,  or  feel, 
that  which  we  desire  to  experience.  Indeed  it  ia  not  every  one  wbo  can  thus  reproduce 
leDsational  states,  the  general  notion  being  most  commonly  all  that  is  arrired-at;  of  thi; 
we  have  a  good  illustration  in  the  conception  we  form  of  ^e  face  of  an  absent  friend,  it 
being  only  a  oomparatively  smaU  number  of  peraoDS  who  are  able  to  reproduce  the  vinual 
image  with  sufficient  disiiactaess  to  serve  as  a  model  for  delineation,  although  &  much 
larger  number  would  be  able  to  t;ay  how  far  saob  a  deliueatiou  realized  their  own  concep- 
tiun  of  the  couDteuance,  aad  to  point-out  in  what  it  might  depart  from  this.  It  is  a  fur- 
ther confirmalioD  of  this  view,  that  the  ejprtJitktn  of  a  countenance,  which  directly  appeals 
to  our  ideational  consciousness,  is  mtich  more  distinctly  remembered  by  most  persntis  than 
Xhejtoturfi,  the  recognition  of  which  is  mora  dependent  upon  the  recall  of  antecedent  sen- 
autional  states. — What  is  true  uf  the  act  of  Recollection  in  this  particular,  is  probably  true 
also  ia  great  degree  of  tpontaneotu  Memory;  but  perhaps  we  should  admit  that  the  renewal 
of  past  states  of  sensational  consciotisness  may  be  effected  by  fresli  sensory  impressions 
which  are  closely  allied  to  them ;  as  would  seem  probable  from  the  fact,  that  we  6ud  our- 
selves comparing  the  new  sensations  with  tba  old.  without  huving  in  the  mean  time  formed 
any  distinct  conception  of  the  object  by  which  the  old  were  produced.  And  the  fact  has 
been  already  noticed  (^  591),  timt  sensorial  impres-^ions  have  been  automatically  repro- 
with  which  it  did  not  seem  likely  that  ideas  had  ever  be«a  CQBseot«d 
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even  transicDtly  occupied  the  coDsciousneas,  is  registered  (so  to  Rpeik)  in  Uie 
Cerebrum,  and  may  be  reproduced  at  eome  subsequent  time,  although  tb««my 
be  no  conflciousness  of  its  existence  in  the  uiiiid  daring  the  whole  iDtenncdiata 
period,  iDstances  are  of  very  frequeot  occurrence,  in  which  ideas  oome-Dp 
before  the  mind  during  delirium  or  dreaming,  and  are  expressed  at  the  time  or 
ure  subsequently  remembered,  although  the  individual  cannot  himself  retnc* 
them  as  hftvia{»  ever  before  been  present  to  his  consciousness ;  they  being  ret 
proved  to  have  been  so  at  some  long  antecedent  period.'  The  instra mentality  of 
the  Cerebrum  iu  this  mt-ntnl  opemtion  i»  strongly  indicated  by  the  fact,  that  dis- 
ease or  injury  of  that  organ  niuy  destroy  the  Memory  generally,  or  may  affect  it 
in  various  remarlcablo  modes.  Thus  we  not  unfrequently  lueet  with  case^,  ia 
which  the  hruiu  has  been  weakened  by  att^icks  of  epilepsy  or  apoplexy,  in  such  a 
maoDer  as  to  prevent  the  reception  of  any  nru?  impressioos ;  »o  that  the  patient 
does  Dot  remember  anytbing  that  pusses  from  day  to  day ;  whilst  the  impnessioDi 
of  events  which  happened  tont/  be/ore  the  commencement  of  bis  malady,  recur 
with  greater  vividnesa  than  ever.  On  the  other  hand,  the  memory  of  the  long- 
since-past  is  sometimes  entirely  destroyed  ;  wbitst  that  of  events  which  have  bip- 
poncd  subsequently  to  the  malady,  ia  but  little  weakened.  The  memory  of  parti- 
cuhir  classes  of  ideas  is  frequently  destroyed;  that  of  a  certain  laQcuaj»e,  or  awne 
branch  of  science,  for  example.  Tbe  loss  of  the  memory  of  words  is  another  very 
curious  form  of  this  disonler,  which  not  unfrijquently  presents  itself:  the  pati«Dt 
understands  perfectly  well  what  i.s  f^aid,  but  is  notable  to  reply  in  any  other  temi 
than  yex  or  no — not  from  nay  paralysis  of  the  muscles  of  articulation,  but  from 
his  iiieapability  of  expressing  the  ideas  in  language.  Sometimes  the  memory  of 
a  piirticular  class  of  words  only,  such  as  nouns  or  verbs,  is  destroyed ;  or  it  maj 
be  impaired  merely,  so  that  the  patient  mistakes  the  proper  terms,  and  speabt 
most  curious  jargon.  So,  again,  a  person  may  remember  the  letters  of  which  i 
wurd  is  composed,  and  may  be  able  to  xprU  bis  want8,  though  he  cannot  speak  the 
tc'jnf  it!>elf ;  asking  for  brrtxtl  (for  example)  by  the  separate  letters  b,  r,  e,  t,  d. 
A  very  curious  affeetion  of  the  memory  is  that  in  which  the  Bound  of  apoltea 
words  docs  uot  convey  any  idea  to  the  mind ;  yet  the  individual  may  recognixe  to 
a  written  or  printed  list  nf  words,  those  which  have  been  used  by  the  sf>eBker,  tha 
tiii/hl  of  them  cnuhliog  him  to  understand  their  meaning.  Conversely,  theaoood 
of  the  word  may  be  remembered,  and  the  idea  it  conveys  fully  appreciated;  bat 
the  visuiil  memory  of  its  written  form  may  be  altogether  lost,  although  tbe  coia- 
ponent  letters  may  be  recognized. — For  this  class  of  phenomeua,  in  which  there 
is  rather  a  severance  of  the  associative  connections  that  have  been  formed  between 
distinct  states  of  consciousness,  than  an  actual  annibiiation  of  the  impression  left 
by  any  of  tbe  latter,  the  term  '  disioealion  of  memory '  has  been  proposed  bj  Sit 
11.  Holland;'  but,  as  he  justly  remarks,  "  no  single  term  can  express  the  Tsriou 
effects  of  accident,  disease,  or  decay,  upon  this  faculty,  so  straogelj  partial  ia 
their  aspect,  and  bo  abrupt  in  the  changes  they  undergo,  that  the  attempt  toela»> 
sify  tbem  is  almost  as  vain  as  the  research  into  their  cause."  It  is,  pcrhapii,  ia 
the  sudden  changes  produced  by  blows  or  falls,  that  we  have  tbe  modt  extraordi- 
Dary  examples  of  this  kind  of  disturbance;  aod  it  is  scarcely  less  extraordinary, 
ihiit  there  should  sometimes  be  a  no  less  sudden  recovery  of  the  lost  power,  which 
we  can  scarcely  do  wrong  in  attributing  to  the  return  of  the  Cerebral  orgaoiutioa 
to  that  previous  condition  of  activity  from  which  it  had  been  f)erverted. 

64^.  When  we  take  all  these  phenomena  into  consideration,  we  oaa  soaroolj 

'  A  remarkable  inftance  is  mentioned  bj  a  Kriter  (Mis?  H.  Martin^au?)  io  "  nousrboM 
Words,"  vol.  ix.  p.  1!(K),  of  a  congenital    Idiot  wbo  had  lost  his  mother  when  uodfr  »»• 
years  old,  and  who  could  not  have  Bub6et:iueullj'  been  made  cn|2n>MDt  of  anything 
to  her ;  and  who  jet,  when  dytag  at  tbe  ago  of  thirtj,  "  stiddpiilj  (urued  bis  head, 
bright  and  aentiible,  and  exclaimed  in  a  tone  never  heard  from  him  before,  '  Ob  isjr  (■ 
biw  bcautiftil !'  and  Bunk  round  again — dend." 

•  See  his  "Chapter!  on  Mental  Physiology,"  p.  14A. 
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resist  the  conclusion  that  every  act  of  Ideatinnal  consciousness  produces  a  certain 
tnodification  id  the  natrition  of  tbe  Cerebrum ;  that  the  now  mode  of  nutrition 
is  continued  according  to  the  laws  of  Aftsimilation  already  adverted-to;  and  that 
thus  the  Cerebrum  forms  itseffin  accordance  with  tbe  use  that  is  made  of  it. 
And  this  unconaoioaB  storing-up  of  impresisions,  which  can  oul)'  be  brought  before 
tbe  consciousness  (under  ordinary  (■ircumstaoeea  at  least)  by  the  connecliup  link 
of  associationB,  affords  a  powerful  argument  for  the  doctrine  which  has  already 
been  frequently  referred-to  as  probable, — that  the  Cerebrum  is  not  itself  a  centre 
of  consciousness,  but  that  we  only  become  coDScious  of  its  states,  in  tbe  same  man- 
ner as  we  do  of  those  of  the  Ketina  and  of  other  surfaces  for  tbe  reception  of 
external  impressions,  by  Dieans  of  the  communication  of  the  changes  which  take 
place  in  it  to  the  Seosorium. 

644.  Although  the  term  Memory  is  very  commonly  used  to  designnte  the 
intCTitional  recall  of  past  states  of  cunsciousness,  as  well  as  thoir  '  spontaneous' 
or  '  automatic'  recurrence,  yet  it  is  properly  restricted  to  (he  bttcr  operation; 
the  term  RerolUi-tinn  being  that  which  is  appropriato  to  the  former,  whose  pecu- 
liarity consists  in  the  exertion  of  the  "Will  to  bring  that  before  the  consciousness, 
which  docs  not  8pontancnu!>Iy  present  itself  to  it.  As  this  process  affords  a  typi- 
cal example  of  the  mode  in  which  the  Will  nets  in  directing  the  current  of  thought, 
we  shall  examine  it  a  little  more  minutely. — In  the  first  place  it  may  be  posi- 
txrely  affirmed^  that  we  cannot  cull-up  any  idea  by  simply  wiUimj  it  ;  for  it  is  a 
necessary  condition  of  an  act  of  will,  that  there  shouHd  be  in  the  mind  an  idea 
of  tchat  is  willed;  and  if  the  idea  of  the  thing  willed  be  alrciidy  in  the  mind,  it 
is  obviously  impossible  to  use  the  will  to  bring  it  there.  But  every  one  is  con- 
scious of  the  state  of  mind,  in  which  he  irin  to  remember  something  which  is 
not  at  the  time  present  to  his  consciousness;  and  the  question  i.*,  Iu>u'  he  pro- 
ceeds to  bring  the  idea  before  it.  The  process  really  consists  in  the  fixation  of 
the  attention  upon  one  or  more  of  the  ideas  already  present  to  the  mind,  which 
may  directly  recall,  by  suggestion,  that  which  is  desiderated;  the  very  act  of 
thus  attetiiliuij  fo  a  particular  idea,  serving  not  only  to  intensify  the  idea  itself, 
but  also  to  strengthen  the  associations  by  which  it  ia  connected  with  others. 
There  are  certain  ideas  so  familiar  to  us,  that  they  seem  necessarily  to  recur  upon 
the  slightest  prompting  of  suggestion ;  yet  even  with  regard  to  these,  the  volun- 
tary recollection  at  any  particular  time  invulves  the  process  just  described.  Thus 
if  a  man  be  asked  his  name,  he  usually  finds  no  difficulty  in  giving  the  proper 
answer,  because  it  only  requires  that  his  attention  should  he  directed  to  the  idea 
involved  in  the  words  •  my  name,'  to  suggpst  the  words  of  which  that  name  may 
consist.  But  if  the  individual  should  be  in  that  state  of  '  absence  of  mind/  which 
really  consists  in  the  fixation  of  the  attention  upon  some  internal  train  of  thought, 
be  may  not  be  able  on  the  Budden  to  transfer  his  attention  to  the  new  idea  that 
is  forced  upon  his  consciousness  ub  ftifrrno;  and  may  thus  hesitate  and  bungle, 
before  be  ia  able  to  answer  the  question  with  positivene.ss.  So,  again,  it 
sometimes  happens  in  old  age,  that  men  fail  to  recyliect  their  own  names,  or 
the  names  of  f>ersona  mo}*t  familiar  to  them,  in  cftnscquence  of  the  weakening  of 
the  bond  of  direct  association  ;  and  they  then  only  recall  it  by  the  operation  to 
be  pr«.'setiily  di't^cribed.  And  there  are  stuU-s  of  mind,  in  which  the  power  of 
voluntarily  direciing  the  thouglns  is  for  a  time  suspended,  and  in  which  the 
iodividuul  eauiiot  make  the  slightest  effort  to  recall  the  most  fumilinr  fact,  espe- 
cially if  possessed  with  the  conviciion  that  such  effort  is  impossible  (§  672). 

645.  IJut  supposing  the  mind  to  be  in  full  possession  of  its  ordinary  powers, 
and  the  desiderated  idea  to  be  one  which  dues  not  at  once  recur  on  the  direction 
of  the  attention  to  some  idea  already  in  the  mind  ;  we  then  apply  the  same  pro- 
cess to  other  ideas  which  suecesaively  come  before  our  consciousness,  selecting 
those  which  we  recognize  as  most  likely  to  suggi'st  that  which  we  require,  and 
following-out  one  train  of  thought  after  another,  in  the  directions  which  we  deem 
most  productive,  until  we  ctthcr  succeed  iu  finding  the  idea  of  which  we  are  io 
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search,  or  give-up  the  pursuit  as  Dot  worth  further  trouble.  Thus  a  man  who  is 
making-up  bis  accouots,  and  finds  that  he  haiB  expended  a  sum  io  a  mode  which 
he  cauoot  recollect,  set^  himseff  to  remember  what  business  he  has  done,  where 
he  has  recently  been,  inbat  ahops  he  may  have  cutered,  and  so  on.  Or  when  t 
Diao  meeta  another  whom  he  rceogDizcs  as  an  acquaintance  without  retDetnberiog 
his  name,  he  runs-over  a  number  of  namcB  (one  being  sugj^ested  bj  another, 
when  the  attention  is  given  to  them),  in  hopes  that  some  one  of  these  maj  proTB 
to  be  the  one,  which,  when  brought  to  bis  mind,  is  recognized  aa  that  of  tb« 
object  then  before  his  consciousness ;  or  he  thinks  of  the  place  in  which  be  maj 
have  previously  ifeen  him,  tbia  being  recalled  by  &xing  the  attention  on  the  irao- 
ciatioo  suggL'^ted  by  the  ei^bt  of  hia  face  and  figure,  or  by  the  sound  of  hi* 
voice,  or  by  bis  personality  altogether;  or  be  endeavoora  to  retrace  the  time 
which  has  elapsed  isinoe  he  last  met  with  him,  the  persons  amongst  whom  b« 
then  waS}  or  the  actions  in  which  he  was  engaged ;  that  some  one  or  other  ot 
these  various  associations  may  suggest  the  desiderated  name. 

640.  Upon  the  varioua  Ideational  states  thus  reproduced  before  the  Mentd 
cousciousncHs,  and  sequentially  connected  in  *  trains  of  thought'  by  the  operatioo 
of  Suggestion,  all  acta  of  Rtamniny  are  founded.  These  consist,  for  the  most 
part,  in  the  aggregation  and  collocation  of  ideas,  the  decomposition  of  compiez 
ideas  into  more  simple  ones,  and  the  combination  of  simple  ideas  into  geoenl 
expressions;  in  which  processes  are  exercised  the  faculty  of  CompariMM,  by 
wbiuh  the  relations  and  connections  of  ideas  are  perceived,^ — that  of  AtttroftiiM, 
by  which  we  mentally  isolate  from  the  rest  any  particular  quality  of  the  objcrt 
of  our  thought, — and  that  of  Gaieraiizad'mi,  by  which  we  recopnise  the  conunofl 
properties  we  have  abstracted,  as  composing  a  distinct  notion,  that  of  some  j^jin 
iu  which  the  objects  are  comprebended.  These  operations,  when  carefully  u- 
alyzed,  seem  capable  of  reduction  to  this  one  expression, — namely,  the  fijatiou 
of  oar  AttcDtton  un  some  particular  classes  of  idiat,  from  among  those  which 
Suggestion  brings  before  our  consciousness  ;  and  thi^  bxation  may  result,  u 
already  shown,  either  from  the  peculiar  attractiveness  which  these  classes  of 
ideas  have  fur  us  (the  constitution  of  individual  minds  varying  greatly  in  this 
respect),  or  on  the  dctermiuation  of  our  own  Will. — There  is  strong  reason  to 
believe  that  these  proeeeses  may  be  performed  auiomah'calfy  to  a  very  couflder- 
able  extent,  without  any  other  than  a  permissive  act  of  Will.  It  is  clearlv  bt 
such  automatic  action  that  the  before-mentioned  '  fundamental  axioms'  or  '  second- 
ary intuitions'  (§  614)  are  evolved;  and  there  is  not  one  of  the  operations  abo^e 
described,  which  may  not  be  performed  (|uite  involuntarily,  especially  by  an  indi- 
vidual who  is  naturally  disposed  to  it.  Thus  to  some  persons,  the  tendency  Io 
compare  any  new  object  of  consciousness  with  objects  that  have  been  previously 
before  the  mind,  is  so  strong  as  to  be  almost  irresistible ;  and  this,  or  any  other 
original  tendency,  is  strengthened  by  the  habit  of  acting  in  conformity  with  iL 
So,  again,  the  tendency  to  afusfract  is  equally  strong  in  thotminds  of  others,  who 
instinctively  seek  to  separate  what  is  fundamental  and  es.scntial  in  the  propertitt 
of  objects,  from  what  is  superficial  and  accidental ;  and  their  attention  being  BUOll 
attracted  by  the  former,  they  readily  recognize  the  same  characters  elsewhere, 
and  are  thus  as  prone  to  combine  and  generalize,  as  others  are  to  analyse  and 
distinguish, 

647.  It  is  only,  io  fact,  when  we  inffntionally  divert  the  current  of  thought 
from  the  direction  in  which  it  was  previously  running,- — when  we  drtermint  to 
jiut  our  minds  in  operation  in  some  particular  manner, — and  makt:  k  choicr  of 
mrans  adapted  to  our  end  (jib  in  the  act  of  Recollection  already  described)  by 
purposely  fixing  our  attention  upon  one  class  of  objects  and  excluding  others, — 
that  we  can  be  said  to  use  the  Will  io  our  Intellectual  processes;  and  this  exer- 
cise of  it  is  shown,  by  the  analysis  of  our  own  eonscioueneas,  to  be  much  rarer 
than  is  commonly  supposed.  Thuf  we  may  imagine  a  man  sitting-down  at  a  fixed 
hour  every  day,  to  irritc  a  treatise  upon  a  subject  which  he  has  previously  thought- 
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ont ;  after  that  first  effort  of  Will  by  which  hia  deteruiination  was  made,  the  daily 
coDlinuaDce  of  his  task  becomes  so  habitual  to  him,  that  no  frc^h  exertion  of  it 
la  required  to  bring  him  to  his  desk ;  and  ufile.'is  he  feels  unfit  for  his  work,  or 
Bomc  other  object  of  iolerest  teuipt  him  away  from  it,  so  that  he  is  calJed-upoti  to 
decide  between  couteuding  molivcB,  his  Will  cannot  bo  fairly  said  to  he  brought 
into  exercise.  It  may  need,  perhaps,  some  voluntary  fixation  of  his  attention 
upon  the  topics  upon  which  he  had  boon  enpagod  wheti  he  last  dropped  the  thread, 
to  enable  him  to  recover  it,  so  as  to  commence  bis  new  labours  in  continuity  with 
the  preceding ;  but  when  once  his  mind  is  fairly  engrossed  with  the  subject,  this 
developcs  itself  before  his  consciousness  according  to  his  previous  habit%  of  mental 
action;  ideas  follow  one  auotbcr  iu  rapid  and  continuous  succession,  clothe  them- 
6clves  in  words,  and  prompt  the  movements  by  which  those  words  are  expressed 
in  writiu};;  and  this  automatio  action  may  continue  uninterruptedly  for  hours, 
without  any  tendency  of  the  mind  to  wander  from  its  subject,  the  Will  being 
only  called  into  play  when  the  feeling  of  fatigue  or  the  distrattion  of  other  objects 
renders  it  difficult  to  keep  the  attention  &xed  upon  that  which  bos  previously  held 
it  by  its  own  attractive  power. — The  converse  of  this  condition  is  experienced, 
when  suBie  powerful  interest  t«nds  to  draw-off  the  attention  elsewhere,  and  the 
thoughts  are  found  to  wander  continually  from  the  subject  in  band;  or  when, 
from  the  undue  protraction  of  mental  ext-rtion,  the  stale  of  the  brain  is  such,  that 
the  thoughts  no  longur  develope  themselves  consecutively  in  the  mind,  nor  shape 
themselves  into  appropriate  forms  of  expression.  In  either  of  these  causes,  the 
intellectual  powers  can  only  be  kept  in  action  upon  the  predetermined  subject, 
Ly  a  strong  effort  of  the  Will :  of  this  effort  we  are  conscious  at  the  time,  and  feel 
that  we  need  to  puf-forth  even  a  greater  power  than  that  which  would  be 
required  to  generate  a  large  amount  of  physical  force  through  the  muscular  sys- 
tem;  and  we  subsequently  experience  the  results  of  it,  in  the  feeling  of  excessive 
fatigue  which  always  follows  any  such  exertion. 

648,  The  faculty  of  Imat/i'ttafion  is  in  some  respects  opposed  in  its  character 
to  that  of  Reason  ;  being  chiefly  concerned  about  fictitious  objects,  instead  of 
real  ones.  Still,  it  is  in  a  great  dogrt-e  an  exercise  of  the  same  powers,  though 
in  a  different  manner  (§  GSS),  Thus  it  is  partly  concerned  in  franjing  new  com- 
binations of  ideas  relating  to  external  objects,  and  is  hence  an  extended  exercise 
of  Conception  ;  placing  us,  in  idea,  in  scenes,  circumstances,  and  relations,  in 
which  actual  experience  never  found  us;  and  thus  giving  rise  to  a  new  set  of 
objects  of  thought.  In  fact,  every  Conception  of  that  which  has  not  been  itself 
an  object  of  perception,  may,  strictly  speaking,  be  regarded  as  the  result  of  the 
exercise  of  Imagination.  Now  the  new  Conceptions  or  mental  creations  thus 
formed,  take  their  chaructcr,  in  great  degree  from  the  iEsthciic  and  Emotional 
tendencies  of  the  mind  ;  so  that  the  previous  development  of  these  affections  will 
influence,  not  merely  the  selection  of  the  objects,  but  the  mode  in  which  they  are 
thus  idealized.  In  the  higher  efforts  of  the  Imagination,  the  miud  is  not  so  much 
coDceroed  with  the  class  of  sensational  ideas,  as  with  those  of  the  intellectual 
character;  and  the  collocation,  analysis,  and  comparison  of  these,  by  which  new 
forms  and  combinations  are  suggested  to  the  tnind,  involve  the  exercise  of  the 
fame  powers  as  those  concerned  in  acts  of  Reasoning;  but  thej  are  exercised 
in  a  different  way.  Whilst  the  ImBgination  thus  depends  upon  the  Intellectual 
powers  for  all  its  higher  operations,  the  understanding  may  be  »tid  to  be  equally 
indebted  to  the  iniuginatiou ;  for  the  ideal  combinations,  which  are  the  results 
of  the  action  of  the  latter,  do  not  merely  engage  the  attention  of  the  Artist, 
who  aims  to  develope  them  in  material  forms,  but  are  the  great  sources  of  the 
improvement  of  the  knowledge  and  happiness  possessed  by  our  race, — operating 
alike  in  the  common  affairs  of  life,  by  suggesting  those  pictures  of  the  future 
which  are  ever  before  our  eyes,  and  are  our  animating  springs  of  action,  with 
their  visions  of  enjoyment,  never  perhaps  to  be  fully  realized,  and  their  proepects 
of  anticipated  evil  that  often  prove  to  be  an  exaggeration  of  the  reality, — ^prompt- 
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ing  the  inveslipationa  of  Science,  that  are  gradually  nnfoldinp  the  eublime  plan 
on  which  the  Universe  is  frovernodj — and  kodinp  to  a  continual  aspiration  after 
those  hiffber  forma  of  Monil  and  Intelleetual  beauty,  which  are  inseparably  coo- 
cected  with  purity  and  love. 

64ft.  WJien  the  litnitation  which  attaches  to  the  exercise  of  Volition, — 
namely,  its  incapacity  to  originate  rijf^ntal  activity  of  any  kind  (§  628), — is  kept 
in  view,  it  becomes  at  once  apparent  that  the  power  of  the  Will  over  the  Imagi- 
nation must  ho  preatly  inferior  to  that  which  it  may  exert  over  the  Reasoning 
processes.  For  all  that  it  can  do  is  to  give  the  Imaginative  faculty  fair  play,  by 
withdmwing  all  influences  that  would  tend  to  distract  it,  and  by  bringing-together 
those  external  conditions  which  are  found  (in  the  case  of  each  individual)  to  be 
most  I'avourahle  to  its  eserciHc ;  it  may  help,  too,  by  selecting  from  among  the 
ideas  or  feeling  already  before  the  consciousnesi?,  those  which  are  felt  to  be  most 
appropriate  in  theraselvcs,  or  ino«t  likely  to  be  fertile  in  serviceable  snggestioos; 
and  thus  the  faculty  may  be  directed  and  invigorated,  cultivated  and  cbasteneil, 
although  ita  prod  net  {vencss  dopende  essentially  on  ita  own  inherent  fertility  and 
on  the  energy  of  ita  automatic  action, 

G50.  Two  striking  instances  may  be  adduced,  of  men  distinpruiebed,  the  OB^i 
for  Intellectual,  the  other  for  Artistic  ability;  in  both  of  whom  the  mentiil  acti^^H 
which  evolved  the  rt'sult,  ^eerns  to  have  been  almost  entirely  of  an  automaoSH 
character. — All  accounts  of  Coleridge'e  habits  of  thought,  as  manifested  in  his 
conversation  (which  was  a  sort  of  (hinkint/  aloud)  agree  in  showing  that  his  train 
6f  mental  operations,  once  started,  went  on  of  iispf/y  sometimes  for  a  long  dis- 
tance in  the  original  direction,  somctiniefl  with  a  divergence  into  some  other  track, 
according  to  the  consecutive  suggestions  of  his  own  uiiud,  or  to  new  snggeetionl 
inlroduced  into  it  from  without.  11  is  whole  course  of  life  was  one  continued 
proof  of  the  weakness  of  his  Will ;  for,  with  numerous  gigantic  project?  contirm- 
ally  in  his  mind,  he  eouJd  never  bring  himself  even  wriousjy  to  attempt  to 
cute  any  one  uf  ihem ;  and  his  utter  deficiency  in  self-control  rendered  it  n« 
aary  for  his  welfare  that  he  should  yield  himself  to  tbe  control  of  others.  The" 
composition  of  the  poetical  fragment  "  Kubb  Khau  "  m  his  sferp,  ia  a  typical 
example  of  nutonintic  nie^ntul  action  ;  and  almost  his  whole  life  might  be  regarded, 
in  consequence  of  the  deficiency  of  tlhat  self-determining  power  which  is  the  pre- 
eminent characteristic  of  every  really  great  mind,  as  a  sort  of  waking  dream.' 
One  of  the  most  characteristic  csHuiples  of  hia  extraordinary  deficiency  of  Will 
was  displayed  very  early  in  his  carter;  for  when  he  had  found  a  bookseller  (Mr. 
Cottle)  generous  enough  to  promise  him  fifty  guineas  for  poems  which  he  recited 
to  him,  and  might  have  ret-eivcd  the  whole  sum  immediately  on  delivering  lh« 
Manuscript,  he  went-on,  week  after  week,  begging  and  borrowing  for  his  daily 
needs,  in  the  moat  humiliating  manner,  until  be  had  drawn  from  his  patron  the 
whole  of  the  promised  purchase- money,  without  supplying  him  with  a  line  of  thtl 
poetry  which  he  Lad  only  to  icr{(e-duttn  to  free  himself  from  obligation.  Yet 
there  was  probably  no  man  of  hi:;  day  who  surp&ssed  Coleridge  in  the  combination 
of  the  Reasoning  powers  of  the  Philosopher  with  the  Imagination  of  the  Poet  and 
the  lus^pirtition  of  the  Seer ;  and  there  was  perhaps  not  one  of  the  last  genen- 
tion,  who  has  left  so  strong  an  impress  of  himself  in  the  subsequent  course  of 
thought  of  reflective  minds  engaged  in  the  highest  Bubjects  of  Human  conient- 
plaliun. — 8o,  again,  the  whole  artiatio  life  of  Mozart,  from  his  infancy  to  hi* 
death,  save  in  so  far  as  the  earlier  part  of  it  was  directed  by  his  father,  may  he 
cited  as  an  example  of  (he  spontaneous  or  automatic  development  of  musical 
ideas,  which,  under  the  guidance  of  his  intuitive  sense  of  harmony  (§  607^,  ex- 
pressed themselves  ia  appropriate  language.  When  only  four  years  old,  he  l«;g«n 
to  write  mui-ic,  which  was  fuunJ  to  be  in  strict  accordance  with  the  rules  o( 
composition,  although  he  had  received  no  instruction  in  these.     And  when  en* 

'  Th«  most  strikiDg  portraitare  oT  Coleridge's  habits  of  conversatloa,  ia  to  be  fouad  in 
Carljrle'a  *•  Life  of  Jolin  Sterling." 
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luring  his  after-life,  in  the  production  of  those  works  which  have  ren- 
ilereJ  his  nuaie  immortal,  it  was  CDough  for  him  to  6x  his  thoughts  in  the  first 
inttaDce  upon  the  suhject  (^tbc  libretto  of  an  opera,  for  example,  or  the  words  of 
ft  religious  service)  so  as  to  give  the  requi^■ifc  si  art  and  direction  to  hi*  ideas,  which 
then  lowed  onwards  without  any  effort  of  his  own ;  so  that  the  whole  of  a  Syui- 
phoaj  or  au  Overture  would  develope  ifacif  in  bia  nitnd,  its  separate  instrum'^ntal 
parts  taking  (so  to  speak)  their  respective  shapes,  without  anj  intent ionni  elabo- 
ration. In  fiict,  the  onlj  exercise  of  Will  that  seemed  to  be  recjuired  on  his 
port,  consisted  in  the  notiug-down  of  the  composition  when  complete  j  and  this, 
under  the  temptatioDS  of  social  intercourse,  and  a  dislike  to  anything  like '  work,' 
he  would  sometimes  postpone  until  the  last  moment.  Thus  it  is  well  known 
that  his  overture  to  Don  Giovanni  was  only  written-out  (although  it  must  have 
been  previously  composed,)  during  the  night  previous  to  its  performance, 
which  took  place  without  any  rehearsah  It  is  recorded  of  him,  that  being 
once  asked  by  an  inferior  musician,  how  be  set  to  work  to  compose  a  symphony, 
ha  replied — "  If  jou  once  think  of  how  you  are  to  do  it,  you  will  never  write 
anything  worth  hearing,  /write  because  I  cannot  help  it."  Mozart,  like  Cule- 
ridgc,  was  a  man  of  extremely  weak  will ;  he  could  neither  keep  firiu  to  a  reso- 
lution, nor  resist  temptation  ;  and  when  not  under  the  guidance  of  his  excellent 
"wife,  was  tbe  sport  of  alniust  every  kind  of  impulse.  But  there  was  probably 
never  a  more  remarkable  example  tbau  his  musical  career  presents,  nf  the  auto- 
matio  operation  of  that  cnattve  power  which  specially  constitutes  Genius;  and 
hia  life  is  altogether  a  most  interesting  study  to  tbe  Psycbologist,  as  well  as  to 
tbe  Musieian.' 

661.  On  the  other  hand,  in  the  life  and  literary  career  of  Southey,  we  have  a 
striking  example  of  what  a  determined  Will,  acting  under  a  strong  sense  of 
Duty,  may  do  in  utiliziug  and  turning  to  the  best  account  endowments  of  a 
couiparaiivcly  mediocre  order.  Although  few  of  bis  poems  may  retain  a  lasting 
Celebrity,  yet  his  prose  writings  will  always  he  models  of  excellence  in  composi- 
tiou;  and  lie  hiid  his  powers  under  such  complete  command,  that  he  never  failed 
(save  from  physical  iocapacit)-)  to  execute  those  engagements  which  are  loo  often 
made  by  wen  of  genius  "only  to  he  broken"  and  never  shrank  from  what  he 
felt  to  be  a  task  of  disagreeable  drudgery,  when  once  he  had  undertaken  it. 

652.  But  not  only  is  inuoh  of  our  highest  Mental  Activity  thus  to  be  regarded 
aa  the  expression  of  the  autvmatUr  actiun  of  the  Cerebrum: — we  seem  justified 
in  proceeding  further,  and  in  afBrmiog  that  tbe  Cerebrum  may  act  upon  impres- 
sions transmitted  to  it,  and  may  elaborate  results  such  as  we  might  have  attained 
by  the  purposive  direction  of  our  minds  to  the  subject,  iciihout  twy  cantcioufnest 
on  our  own  parte;  so  that  we  only  become  aware  of  tbe  operation  which  has 
taken-place,  when  we  compare  tbe  result,  as  it  presents  itself  to  our  miuds  after 
it  has  been  attained,  with  tbe  materials  submitted  to  the  process.  The  ordinary 
expericDca  of  most  persons  will  supply  tbem  with  examples  of  this  form  of 
Cerebral  activity.  One  of  the  simplest  instances  of  it  is  to  be  found  in  a  curioiw 
phenomenon,  which,  though  most  men  are  occasionally  conscious  of  it,  has  becD 
Bcarocty  recognized  by  Metaphysical  inquirers;  namely,  that  when  we  have  been 
trying  to  recollect  some  name,  pbrose,  occurrence,  &c.,,  and,  after  vainly  employ- 
ing all  the  expedients  we  can  ibink-of  for  bringing  the  desiderated  idea  to  our 
minds,  have  abauduned  tbe  attempt  as  useless,  it  will  often  occur  spontaneously 
a  little  while  ul\erwards,  suddenly  flushing  (as  it  were)  before  the  consciou.sness ; 
and  ibid  althougb  tbe  mind  h:is  been  engrossed  in  the  mean  time  by  somo 
entirely-different  subject  of  contemplation,  and  cannot  detect  any  link  of  associa- 
tion whereby  the  result  has  been  obtained,  nutwitb^tauding  that  the  whole  train 
I  of  thought  which  baa  passed  through  the  mind  in  the  interval  may  be  most 
distinctly  remembered.'    Now  it  is  difficult,  if  not  impossible,  to  account  for 

'  See  especially  the  "  Life  of  Moz&rt,"  by  Edward  Holmes. 

*  So  frequeutljr  hu  thia  occurred  within  the  Author's  experience,  that  he  ie  now  la  the 
kabit  of  troatiBg  to  this  method  of  recoHection,  wliere  he  hu  reason  to  feel  sure  that  th« 
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tbis  faot  upon  ony  otiier  aupposition>  than  that  a  certain  train  of  action  has  been 
eeUgoing  m  the  Cerebrum  bj  the  voluntary  exertion  which  we  at  first  made; 
and  that  this  train  continues  in  movement  after  our  attention  has  been  fixed 
upon  iwme  other  object  of  thoutrht,  so  that  it  poes*on  to  the  evolution  of  its  result, 
not  only  without  any  continued  exertion  on  oar  own  parts,  but  also  without  oar 
consciousness  of  any  continued  activity. — Another  familiar  example  of  a  like 
kind,  is  presented  by  the  process  by  which  we  acquire  a  knowledge  of  the  mean- 
ing of  an  author  whose  writinps  we  are  perusing.  For,  if  the  subject  be  one 
into  which  we  readily  enter,  and  if  the  writer's  flow  of  thought  be  one  which  we 
easily  follow,  and  his  language  be  appropriate  to  express  his  ideas,  we  acquire 
the  meaning  of  one  seutetwe  after  anotber,  without  any  conscious  recognition  of 
the  meaning  of  each  of  il«  component  trords  ;  and  yet  it  is  certain  that  a  partic- 
ular impression  must  have  been  made  by  each  of  these  words  upon  the  Cere- 
brum, before  we  can  comprehend  the  notion  which  they  were  collectively  intended 
to  convey.  It  is  only  when  the  language  is  ill-chosen,  or  when  we  do  not  readily 
follow  the  author "^8  train  of  thought,  that  we  direct  our  attf^ution  to  the  signifies 
tion  of  the  individual  words,  and  become  conscious  of  their  separate  meaning. 
In  like  uinnner  an  expert  calculator  will  cast  his  eye  rapidly  from  the  bottom  to 
the  top  of  a  column  of  figures,  and  will  niune  the  total,  without  any  ooDficioos 
appreciation  of  the  value  of  each  individual  figure. 

653.  But  in  those  insianeca,  no  higher  act  of  mind  is  required,  than  the 
duction  of  one  complex  idea  out  of  an  aggregate  of  simpler  elements;  there 
cases,  however,  in  which  processes  of  a  far  more  elaborate  nature  are  carried-on, 
without  neccssarity  affecting  our  consciousness.  Most  persons  who  attend  to 
their  own  mental  openitionR,  are  aware  that  when  they  have  been  occupied  for 
some  time  about  a  particular  subject,  and  have  then  transferred  their  attention  to 
some  other,  the  first,  when  they  return  to  the  consideration  of  it,  may  be  found 
to  present  an  a.*pect  very  different  from  tbut  which  it  possessed  before  it  wu  pat 
aside;  notwithstanding  that  the  uiiud  has  sioco  been  ao  completely  cngrowed 
with  the  second  subject,  as  not  to  have  been  consciously  directed  towards  the  first 
in  the  interval.  Now  a  p:irt  of  this  change  may  depend  upon  the  altered  condi- 
tion of  the  mind  iLself^  sut-h  as  we  experience  when  we  take-up  a  subject  in  the 
morning  with  all  the  vigour  which  we  derive  from  the  refreshment  of  sleep,  and 
find  no  difficulty  in  ovcrcnniing  difficulties  and  in  disentangling  preplexities 
which  checked  our  further  progrees  the  night  before,  when  we  were  too  wc 
to  give  more  than  a  languid  attention  lu  the  points  to  be  made-out,  and  could 
no  exertion  in  the  search  for  their  solutioos.  But  this  by  do  means  accoul 
fur  the  tntinJif-ntxc  de.veh>pmeut  which  the  subject  is  frequently  found  to  ba^ 
undergone,  when  we  return  to  it  after  a  considerable  inter\'al ;  a  developme 
which  cannot  be  reasonably  explained  in  any  other  mode,  than  by  attributing  it 
to  the  intermediate  activity  of  the  Cerebrum,  which  has  in  this  instance  autom- 
atically evolved  the  result  without  any  consciousness.  Strange  as  this  phcnomenoD 
may  at  first  sight  appear,  it  is  found,  when  cnrefully  cnnsidered,  to  be  in  complete 
harmony  with  all  that  has  been  already  affirmed,  respecting  the  relation  of  ih« 
Cerebrum  to  the  Scnsorium,  and  the  independent  action  of  the  former;  and 
looking  at  alt  those  automatic  operations  by  which  results  are  evolved  without 
any  intenlioual  direction  of  the  Mind  to  them,  iu  the  light  of  'reflex  actions'  of 
the  Cerebrum,  there  is  no  more  difficulty  in  comprehending   that  such  reflex 

desired  id«a  ;a  not  far-off,  if  the  mind  cA.n  only  find  its  track — as  when  it  reLilea  lo  wiat 
occurrence  (such  as  a  payment  of  money)  ifhiclj  is  known  to  have  taken-place  within  a  few 
days  preTiousIy  ;  for  he  had  fbUDd  himself  much  more  certain  of  recovering  it,  hj  with- 
drawing bia  nrinsi  from  the  Bi^aroh  when  i(  ia  not  ppeediiy  successful,  uod  hj  gtrinp  himself 
up  U.i  the  occupation  appropriate  to  the  time,  than  hy  inducing  fatigue  by  un«>ucces*fal 
efforts.  AntI  tltin  is  not  his  own  experience  only,  but  that  of  many  others.  The  fact  bM^ 
been  noticed  by  Sir  H.  Huniind  {"  t'haptei-s  on  MeutJil  Physiology,"  p,  G6) :  from 
be  has  learned  thiit  the  above  plan  hu  been  put  into  lucoeaitrul  action  by  mvaj  to 
be  has  reconimended  tt. 
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Bctions  may  proceed  without  our  knowledge,  so  as  to  evolve  intellectual  protfuetg 
when  tbeir  results  are  traBSinitted  to  the  Sensorium  and  are  tbus  iinpressed  on 
our  consciousness,  than  there  is  in  undersfanditig  that  impresaions  nioy  excito 
muscular  movements  through  tbe  '  reflex'  power  of  the  Spinal  Cord,  without  the 
necessarj  intervention  of  Sensation.  In  both  cases,  the  condition  of  this  modo 
of  independent  operation,  ia  that  the  recrj/iivit^  of  tbe  Sensorium  ehall  be  sus- 
pended quoad  the  changes  in  question,  either  by  its  own  fuDctional  inactivity,  or 
through  its  temporary  engrossment  by  other  processes. — It  is  difficult  to  tind  an 
appropriate  term  for  this  class  of  operations.  They  can  scarcely  be  designated  as 
llcasuntiig  Processes,  bince  'unconscious  reajwniug'  is  a  contradiction  in  terms. 
The  designation  L/'nconsciout  Vtrtbratiom  ia  perhaps  lees  objeotionable  than  any 
other.     (^Sce  §  063.) 

654.  iiut  it  must  not  be  left  out  of  view,  that  Emottonal  states,  or  rather 
states  which  constitute  emotions  when  we  become  conscious  of  them,  may  be 
developed  by  tbe  same  process;  so  that  our  feelings  towards  persons  and  objects 
may  undergo  most  importutit  changes,  without  our  being  in  tbe  least  degree 
aware,  until  we  have  our  attention  directed  to  our  own  mental  state,  of  the  alte- 
ratiou  which  bus  taken-place  in  them.  A  very  common  but  very  characteristio 
example  of  this  kind  of  acliou,  is  afforded  by  the  powerful  uttachnient  which 
often  growa-up  between  individuals  of  opposite  sexes,  without  either  being  aware 
of  the  fact;  the  full  strength  of  this  attachtucnt  being  only  revealed  to  the  con- 
sciousness of  each,  when  circumsiaDccs  threaten  a  separation,  and  when  each 
becomes  cognizaut  of  the  feelings  entertained  by  the  other.  The  existence  of  a 
mutual  attach  men  t,  indeed,  is  often  recognized  by  a  by-staudcr  (especially  if  the 
perceptions  be  sharpened  by  jealousy,  which  leads  to  an  intuitive  interpreta- 
tion of  many  uniiute  occurrencciJ,  which  would  be  without  significaiion  to 
an  ordinary  observer),  botbre  either  of  the  purties  has  made  tho  discovery, 
whether  as  regards  the  individual  ail/y  or  the  beloved  object ;  the  Cerebral  state, 
manifesting  itself  in  action,  although  no  di.stinct  consciousness  of  that  stjite  has 
been  attained,  chiefly  because,  the  whole  attention  being  attracted  by  the  present 
eojoymeut,  there  is  little  disposition  to  lntro8i>eciion. — The  lact,  indeed,  is  recog- 
nized in  our  own  ordinary  language  j  fur  we  continually  speak  of  the  'feelings' 
which  we  uncun^iously  eutenain  towards  another,  and  of  our  not  becoming  aware 
of  tbem  until  some  circumstances  call  them  into  activity.  Here  again,  it  would 
seem  as  if  the  material  organ  of  these  feeJings  tends  to  farm  ifseJ/  in  accordance 
with  the  impresMoiia  whicti  are  habitually  made  upon  it ;  so  that  we  arc  aa  com- 
pletely unaware  of  the  changes  which  may  have  taken  place  in  it,  as  we  are  of 
those  by  which  pas-^ing  events  are  registered  in  our  minds  (§  642),  until  soma 
circumstance  calls-forth  the  conscious  manifestation,  which  is  the  'reflex'  of  the 
new  condition  which  the  organ  has  acquired.  And  it  may  be  desirable  to  recall 
the  fact  in  this  connection^  that  the  Emotional  state  seems  often  to  be  detoruiiuid 
by  ciaumstances  of  which  the  individual  has  no  distinct  consciousness,  and  es- 
pecially by  the  emotional  stales  of  those  by  whom  he  is  surrounded  (§  609);  a 
mode  of  iDfluence  which  is  exerted  with  peculiar  potency  on  the  minds  of  chil- 
I    dren,  and  which  is  a  most  iuiportjint  eleiuent  in  their  Moral  education.' 

655.  lileo-Mutor  Actions.  —  Although  it  has  been  usual  to  designate  by  the 
term  Volautary,  aU  those  muscular  movements  which  take-place  as  the  result  of 
mental  operations,  save  when  they  arc  the  ex  precision  of  Emotional  stiites,  yet  a 
careful  analysis  of  the  sources  from  which  many  of  even  our  ordinary  actions 
proceed,  wilt  show  that  the  Will  has  no  direct  purtieipatiuu  in  producing  tbem, 
aod  that  they  are,  Psychologically  sficaking,  the  spontaneous  manifestsitioDs  of 
Ideational  states  excited  to  a  certain  measure  of  intensity,  or,  in  Physiological 
language,  the  rrjUx  arliunt  of  the  Ctrtbrum.  This  mode  of  operatiou  has  beeu 
alrvadj  shown  (§§  469,  470)  not  only  to  be  fully  conformablo  lo  the  general  plau 

'  S«e  an  admirable  Diacounte  on  '  Unconscious  InSueaQes/  bj  the  Kev.  Horace  Busbaellr 
of  Hartford  (N.  £.J,  pubiiaheii  in  the  "  PeQuy  Ful^it,"  No.  1199. 


588 


FUNCTIONS   OP  IDE   CEREBRO-SPINAL   NEKVOUS   8T8TEM, 


this  fact  upon  onj  other  Bupposilicn,  than  that  a  certain  train  of  action  has  be«Q 
fiel-going  in  the  Cerebrum  by  the  voluntary  exertion  which  we  at  first  made; 
and  that  this  train  coDtinacs  id  movement  after  our  attention  has  been  fixed 
upon  some  other  object  of  thoupht,  so  that  it  goes-on  to  the  evolution  of  its  result, 
not  only  without  any  continued  excrfion  on  our  own  part*,  but  also  without  oar 
consciousness  of  any  continued  activity. — Another  familiar  eznuiple  of  a  like 
kind,  is  presented  by  the  process  by  which  we  acquire  a  knowledge  of  the  me^in- 
ing  of  an  author  wnosc  writinj^'s  we  are  perusing.  For,  if  the  subject  be  one 
into  which  we  readily  cntvr,  and  if  the  writer's  flow  of  thought  be  one  which  we 
ca^sily  follow,  and  bis  language  be  appropriate  to  express  his  ideas,  we  acquire 
the  uieaning  of  one  tehdiire  after  another,  without  any  conscious  recognition 
the  meaning  of  each  of  its  cotuponent  vronh  ;  and  yet  it  is  certain  that  a  par 
ular  impression  must  have  been  made  by  each  of  these  words  upon  the  Cere- 
brum, before  wo  can  comprehend  the  notion  which  they  were  collectiveljr  intended 
to  convey.  It  is  only  when  the  language  is  ill-chosen,  or  when  we  do  not  resdilj 
follow  the  author's  train  of  thought,  that  we  direct  our  attention  lo  the  significa- 
tion of  the  individual  words,  and  become  conscious  of  their  separate  meaoiog. 
In  like  manner  an  expert  calculator  will  cast  his  eye  rapidly  from  the  bottom  to 
the  top  of  a  column  of  figures,  and  will  oiiine  the  total,  without  any  conscious 
appreutation  of  the  value  of  each  individual  figure. 

G5o.  But  in  these  instances,  no  higher  act  of  mind  ia  required,  than  the  pro- 
duction of  one  complex  idea  out  of  an  aggregate  of  simpler  elements ;  there  ire 
ooses^  however,  in  which  processes  of  a  far  more  elaborate  nature  are  carried-on, 
without  necessarily  affecting  our  coni^ciousness.  Most  persons  who  attend  to 
their  own  mental  operutiouB,  are  aware  that  when  they  have  been  occupied  for 
some  time  about  a  particular  subject,  and  havo  then  transferred  their  attention  to 
some  other,  the  first,  when  they  return  to  the  consideration  of  it,  may  be  found 
to  present  an  aspwt  very  differetJt  from  that  which  it  possessed  before  it  wag  put 
aside;  notwithsiandiiig  that  the  mind  has  since  been  so  completely  engroNwd 
with  the  second  subject,  as  not  to  have  been  consciously  directed  towards  the  first 
in  the  interval.  Now  a  part  of  this  change  may  depend  upon  the  altered  condi- 
tion of  the  mind  itself,  such  tis  we  expLTicnce  when  we  take-up  a  subject  in  the 
morning  with  all  the  vigour  which  wp  derive  from  the  refreshment  of  sleep,  and 
find  no  difficulty  in  overcoming  difficuhiei*  and  in  disentangling  preplexities 
which  checked  our  further  progress  the  night  before,  when  we  were  too  wetiy 
to  give  more  than  a  languid  attention  to  the  points  to  be  made-out,  and  could  UM 
no  exertion  in  the  search  for  their  solutions.  But  this  by  no  means  accounts 
fur  the  tttdWfff-Jinc  <hiH-hqtmnif  which  the  subject  is  frequently  found  to  have 
undergone,  when  we  return  to  it  after  a  cocsiderable  inter\'al ;  a  development 
which  C4inuut  be  reasonably  explained  in  any  other  mode,  than  by  attributing  it 
to  the  intermediate  activity  of  the  Cerebnun,  which  has  in  this  instance  autom- 
atically evolved  the  ri'sult  without  any  consciousne.'is.  Strange  as  this  phenomenon 
may  at  first  sight  appear,  it  is  found,  when  carefully  considered,  to  be  in  complete 
harmony  with  all  thut  has  been  already  uffirmcd,  respecting  the  relation  of  the 
Cerebrum  to  the  Sensorium,  and  the  independent  action  of  the  former;  and 
looking  at  all  those  automatic  operations  by  which  results  are  evolved  without 
any  intimtional  direction  of  the  Mind  to  them,  in  the  light  of  'reflex  actions'  of 
the  Cerebrum,  there  is  no  more  diflBcutty  in  comprehending   that  Ruch  rrflex 

desired  idea  is  not  far-off',  if  the  mind  con  only  find  its  track — aa  when  it  relatea  to  •ome 
ocourreaofl  (aucb  kb  a  payment  of  money]  which  is  known  to  hiive  taken-place  within  *  fe« 
days  previously ;  for  he  hu  found  himself  much  more  certain  of  recovering  it,  hr  with- 
drawing hie  mind  fron*  the  eoarch  when  it  is  not  ppeedily  uurcessful.  and  by  giving  hineclf 
up  to  ttiC  ufcupHliiin  appropriate  to  Iho  time,  than  by  inducing  fatigue  by  unsuccmfnt 
efforts.  And  this  ig  not  his  owu  experience  only,  but  that  of  many  others.  Th«  fact  btt 
been  noticed  by  Sir  11.  Holland  (*' Chapters  on  Mental  Physiology,"  p.  66);  from  whum 
be  has  learned  that  the  above  plan  has  been  put  into  euocessful  action  by  many  to  whofli 
be  has  recommended  it.  ~ 
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Bctioas  may  pro<jeed  without  our  knowledge,  so  as  to  eTolve  intellectual  prrnlwla 
wheD  their  results  are  trausmitted  to  the  Stiuaoriuia  and  are  thus  impressed  on 
our  coQSciousQesa,  thaD  there  is  in  understanding  thut  impressions  may  cxcito 
muscular  moTements  through  the  *  rctlcz'  power  of  the  Spinal  Cord,  without  t!io 
necessary  intervention  of  Scns<ition.  In  both  cases,  the  coudition  of  this  modo 
of  independent  operation,  is  that  the  rca^tiviti/  of  the  Sensorium  shall  bo  sus- 
pended quoad  the  chan^^ea  io  tiuestion,  cither  by  its  own  functional  inactivity,  or 
through  its  temporary  engrossment  by  other  processes, — It  is  difficult  to  find  an 
appropriate  term  for  this  class  of  operations.  They  can  scarcely  be  designated  as 
llcasoniug  Processes,  since  'unconscious  reasoning'  is  a  contrjidiclion  in  terms. 
The  designation  L'nconsci(/ut  Cerebration  is  perhaps  less  objectionabje  than  any 
other.     (See  §  603.) 

G54.  But  it  must  not  be  left  out  of  view,  that  Emotional  states,  or  rather 
states  which  constitute  emotions  when  we  become  conscious  of  them,  may  be 
developed  by  the  same  process ;  so  that  our  feelings  towards  persons  and  objecia 
may  undergo  most  important  cLaugus,  without  our  being  in  tbe  least  degree 
awure,  until  we  have  our  attention  directed  to  our  own  mental  state,  of  the  alte- 
ration which  has  taken-place  iu  ihera.  A  very  common  but  very  chamcteristio 
example  of  this  kind  of  action,  is  aiTorded  by  tbe  powerful  attachment  which 
often  grows-up  between  individuals  of  opposite  sesea,  without  either  being  awure 
of  the  fact;  the  full  strengib  of  this  attachment  being  only  reveak-d  to  the  con- 
sciousness of  each,  when  cireumstanecs  threaten  a  separation,  and  when  each 
becomes  cognizant  of  the  feelings  eutcrlained  by  the  other.  The  existence  of  a 
mutual  atunhment,  indeed,  is  often  recognized  by  a  bystander  (especially  if  thfl 
perceptions  be  sharpened  by  jealousy,  which  leads  t<j  an  intuitive  interpreta- 
tion of  many  minute  occurrences,  which  would  bo  without  aignification  to 
an  ordinary  observer),  belbre  either  of  ihe  parties  has  made  the  di-scovery, 
■whether  as  regards  the  individual  «-//*  or  ihe  beloved  ohjcct ;  the  Cerebral  state, 
tuanifesting  iti>clf  in  action,  although  uo  dii^tioct  consciousness  of  that  state  has 
been  uttained,  chiefly  because,  the  whole  attention  buing  attracted  by  the  present 
CDJoymeut,  there  is  little  disposition  to  Introspection. — Tbe  fact,  indeed,  is  recog- 
nized iu  our  own  ordinary  language;  fur  wo  continually  speak  of  the  'feelings' 
which  we  uncun^iously  euterLuin  towards  another,  and  of  our  not  becoming  aware 
of  tbem  until  some  circumstances  call  them  into  activity.  Here  again,  it  would 
Beem  as  if  the  material  organ  of  these  feelings  tends  to /hrm  itseJ/  in  accordance 
with  the  iuipreasiona  whica  are  habitually  made  upon  it;  so  that  we  are  as  com- 
pletely unaware  of  ihe  changes  which  may  have  taken  place  in  it,  as  we  are  of 
those  by  which  passing  events  are  registered  in  our  minds  (§  642),  until  some 
circumbtance  calls-forth  the  conscious  manifestutiun,  which  is  the  'reflex'  of  the 
new  condition  which  the  organ  has  acquired.  And  it  may  be  desirable  to  recall 
the  fact  in  this  connection,  that  the  Emotional  state  seems  often  to  be  determined 
by  cireumstauces  of  which  the  individual  has  uo  distinct  consciousness,  and  es- 
pecially by  the  emotional  states  of  those  by  whom  ho  is  surrounded  (§  GOft) ;  a 
mode  of  influence  which  is  exerted  with  peculiar  potency  on  the  minds  of  chiU 
i    dren,  and  which  is  a  most  important  element  in  their  Moral  education.' 

655.  JdtO'Motor  Actions.  —  Although  it  has  been  usual  to  designate  by  the 
term  Voluntary,  all  those  muscular  movements  which  tuke-pbce  us  the  resiilt  of 
mental  operations,  save  when  they  are  the  expressjou  of  Emotional  f^tates,  yet  a 
careful  analysis  of  the  sources  from  which  many  of  even  our  ordinary  actions 
pTxxjeed,  will  show  that  tbe  Will  has  no  direct  participation  in  producing  them, 
[  and  that  they  are,  Psychologically  speaking,  the  spontaneous  munifestaiioos  of 
Ideational  states  excited  to  a  certain  measure  of  intensity,  or,  in  Physiological 
language,  the  T'JUx  artions  of  ihv  CWtl»ru ni.  This  mode  of  operatiou  has  been 
already  shown  (§§  469,  470)  not  only  to  be  fully  conformable  to  the  general  plau 

*  See  an  kdmirabie  DiHcouree  on  '  Uoconscioofl  InfllueDces/  by  the  Rev.  Horace  Buvlmall, 
of  liarlfonl  (N.  £.Ji,  pubiialied  in  the  "  i'emiy  Pulpit,"  No.  11^9. 
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of  till!  activity  of  the  Nervous  System,  but  even  to  complete  or  fiU-up  a.  part  of 
it  which  would  olherwi^ie  be  left  void  ;  and  we  eball  tind  that  it  serves  to  nccoant 
for  a  preat  number  of  pbenomenti  which  had  not  previously  been  ineluded  under 
any  genenil  category,  and  which,  when  thus  combined  und  penerulized,  form  a 
nioet  interesting  and  remarkable  proup,  well  deserving  of  attentive  study. — It  ')», 
of  course,  wb(^n  the  Intellect  is  in  a  state  of  exalted  (though  it  may  be  abeminl) 
activity,  but  when  the  directing  power  of  the  WMll  is  sii.«pended  or  weakened, 
that  we  should  espect  to  see  the  most  remarkable  manifestations  of  the  reflex 
power  of  the  Cerebrum ;  and  such  is  the  condition  of  the  Somnambulist  who 
arts  his  dreams  (§  603),  and  of  iho  '  Biologized '  subject  who  acl$  his  reverie 
(§  672).  In.  each  case,  the  mind  is  poBsessed  by  a  succee&ion  of  ideaci,  which 
may  either  be  spontaneously  evolved  by  its  own  operations,  or  may  be  directly 
suggested  through  the  senses,  or  may  be  the  products  of  the  mental  activity  of 
the  individual,  exercised  upon  the  proniptiugs  which  it  has  received  from  with- 
out. In  whatever  mode  the  ideas  have  benn  brought  before  the  consciousness,  it 
is  the  fMcntial  characteristic  of  these  states  that  the  Mind  is  entirely  given-up  to 
that  which  may  happen  to  be  before  it  at  the  time,  which  consefjueijtiy  exerts  an 
uncnutrolltd  directing  power  over  the  actions,  there  being  no  antagoDtstic  agency 
to  keep  it  in  check. 

65G.  To  this  category,  too,  belong  a  variety  of  aberrant  actions,  bordering  on 
In;^auity,  of  which  the  history  of  mankind  in  all  ages  furnishes  us  with  abundant 
examples;  that  which  ia  common  to  nil  of  them,  being  the  eutire  poesession  of 
the  idt^ational  consciousness  by  some  strongly-excited  '  dominant  idea,'  the  intea- 
pity  of  which  blinds  the  common -sen  Fie  and  subjugates  the  will,  so  that  it  ex- 
presses itself  in  botlily  action  without  the  least  restraint.  The  notion  may,  or  may 
not,  be  in  itself  an  absurd  one.  It  may  be  confined  to  a  single  individual,  or  ii 
may  spread  epidemically  through  a  multitude.  It  may  be  one  that  interests  the 
feelings,  or  it  may  be  of  a  nature  purely  iatellectual.  The  wild  but  traDsieoi 
vagaries  of  religious  enthusiasm  in  all  ages,  as  shown  in  the  Pythonic  inspiration 
of  the  Delphic  priestesses  j  the  ecstatic  revelations  of  Catholic  and  ProtestiDk 
visionaries  J  the  preaching  epidemic  among  the  Huguenots  in  France,  and  wore 
recently  iu  Lutheran  Sweden;  the  strange  performances  of  the  *  Convulsion- 
narie^ '  of  St.  Medard,  which  have  been  since  almost  paralleled  at  Methodist 
'revivals'  and  '  camp-meetinga ;' — the  Dancing  Mania  of  the  Middle  Ages;  the 
Tureutisra  of  Southeru  Italy,  the  Tigrctier  of  Abyssinia,  and  the  Leaping-^ 
of  Scotland  in  later  times,' — together  with  that  most  recent,  but  not  least  remii 
able  specimen  (the  character  of  the  individuals  aiTected  being  taken  intoaccoool 
the  Table-turning  and  Table-tajkiug  epidemic  which  spread  through  almost  the 
whole  civilized  world  in  1852-3  j  —  are  all,  with  many  similar  wonders,  to  b« 
ranged  under  the  same  category.  The  *  dominant  idea'  not  unfrequenilj  declinec 
in  intensity,  cepeciully  when  it  expends  its  force  in  action,  and  the  mind  spontt- 
Deou«ily  returns  to  its  previous  condition ;  and  thus  it  is  that  we  find  these  Kpi- 
domic  Delusions  pasiiing-away  of  themselves,  without  any  ostensible  cause  for 
their  cessation.  Sometimes,  however,  such  an  idea  may  continue  to  exert  a 
duiuinuut  influence  over  the  whole  of  life ;  and  if  the  conduct  which  it  dictttn 
should  pass  the  bounds  of  enthusiasm  or  eccentricity,  we  say  that  the  individoal 
is  the  subject  of  Monomania.  The  nature  of  this  state  will  be  more  fully  cad- 
■idered  hereafter  (§  709). 

CJi.  The  same  view  may  be  fairly  applied,  also,  to  all  those  actions  perfomifd 
by  us  in  our  ordinary  course  of  iile,  which  are  rather  the  automatic  expreseinni 
of  the  ideas  which  may  be  dominant  in  our  tuiods  at  the  (fime,  tiian  prompted 
by  distinct  volitional  efforts  (§  647).     Of  this  kind,  the  act  of  expressing  th« 

■  On  the  greater  number  of  the  foregoing  subjects,  mnoh  curioos  informntioo  will  IM 
fnund  in  Dr.  Hecker's  account  of  the  *  Dnnclng  Mania,'  fortntog  part  of  l>ia  Tre&tiM 
''  Ud  Uie  Epidemics  of  the  Middle  Ages,"  translated  for  the  Sydenham  Society  by  Dr. 
UuijingtoD 
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thoughts  in  language,  -whether  by  speech  or  writing,  may  be  considered  as  a  good 
example;  for  the  attention  may  be  so  completely  givcD-up  to  the  choice  of  words 
and  to  the  compositiuci  of  the  sentences,  tbul  the  uioiifmcnts  by  which  these 
words  are  uttered  by  the  voice  or  traced  on  paper,  no  more  partake  of  the  truly 
volitional  character,  than  do  those  of  our  limbs  when  we  walk  through  the  streets 
ill  a  state  of  Abstraction.  And  it  h  a  curious  evidence  of  the  influcnoe  of 
Ideas,  rather  than  of  the  agency  of  the  Will,  in  producing  tbera,  that,  as  our 
conceptions  are  a  little  in  advance  of  our  speech  or  writing,  it  occasionally  hap- 
pens that  we  mis-pronounce  or  misspell  a  word,  by  introducing  into  it  a  porliou 
of  some  other  whoso  turn  ia  shortly  to  ooiue,  ita  place  in  the  sentence  which  is 
in  process  of  formation  being  a  little  further  on;  nr  it  may  be  that  the  whole  of 
the  anticipated  word  is  substituted  for  the  one  which  ought  to  have  been  ex- 
pressed. Now  it  is  obvious  that  there  could  be  neither  any  cnnsciously-formed 
intention  of  breaking  the  regular  sequence,  nor  any  volitional  effort  to  do  so ; 
and  the  result  is  evidently  due  to  the  superior  vividness  with  which  the  idea  of 
the  anticipated  word  is  present  to  the  mind,  as  compared  with  that  of  the  word 
which  the  course  of  construction  requires.  It  is  the  tliimijiavf  itlpa,  then,  which 
determines  the  movement,  the  Will  simply  permitting  itj  and  the  more  com- 
pletely the  Vulitional  power  is  directed  to  other  objects,  the  more  cmtrpletcly 
automatic  are  the  actions  of  this  class.  They  may,  indeed,  come  to  be  performed 
even  without  the  consciousness,  or  at  least  without  the  remembered  conscioustiess, 
of  the  agent;  as  we  see  in  the  case  of  those  who  have  the  habit  of  'thinking 
aloud,'  and  who  are  subsequently  quite  surprised  on  learning  what  they  hsivc 
uttered.  The  one-sided  conversation  of  some  persons,  who  are  far  more  attentive 
to  their  own  trains  of  thought,  than  they  are  to  whiit  may  be  expressed  by  others, 
and  who  are  allowed  to  proceed  with  little  or  no  interruptionj  is  often  a  sort  of 
*  tbinkiug  nloud.*  ' 

6dS.  Much  attention  has  recently  been  given  to  a  set  of  Involuntary  move- 
ments, which,  however  diverse  the  circumstances  under  which  they  occur,  all 
have  their  source  in  the  same  mental  condition,  —  that  of  exprctant  aUnndcm  ; 
the  whole  Mind  being  possessed  with  the  Idea  that  a  certain  action  will  take 
place,  and  being  eagerly  directed  towards  the  indications  of  its  occurrence.  Such 
movements  are  well  known  to  occur  in  the  involuntary  muscles  connected  with 
the  Organic  functions,  wbith  receive  their  nervous  supply  from  the  ^Sympathetic 
system ;  and  (bey  are  among  the  means  by  which  iuiportunt  modifications  are 
produced  in  those  functions  through  the  direction  of  the  mind  to  tbem.  (See 
Chap.  XV.) 

659.  But  it  is  with  the  Involuntary  movements  produced  by  the  same  agency 
through  the  Cerebro-spinal  system,  in  the  muscles  ordinarily  accounted  Voiun- 
titry,  that  we  are  at  present  specially  concerned.  This  is  a  very  curious  subject 
of  inquiry,  and  one  on  which  adequate  scrutiny  has  scarcely  yet  been  bestowed; 
the  phenomena  which  are  refemble  to  the  principle  of  action  here  enuucujted, 
having  been  very  commonly  explained  by  the  agency  of  some  other  force.  Thus, 
if  a  button  or  ring  be  suspended  from  the  end  of  the  finger  or  thumb,  in  such  a 
pofiitioQ  that,  when  slightly  oseillaiing,  it  shall  strike  against  a  glii.ss  tumbler,  it 
has  been  affirmed  by  many  who  have  made  the  experiment,  that  the  button  con- 
tinaes  to  swim  with  great  regularity,  striking  the  glass  at  tolerably- regular  inter- 
vals, until  it  has  sounded  the  hour  of  the  day,  after  which  it  ceases  for  a  time 
to  swing  far  enough  to  make  another  stroke.  This  certainly  does  come  to  pass, 
io  many  instanoes,  without  any  intention  on  the  part  of  the  pcrfnrmer ;  who  may 
be  really  doing  all  in  his  power  to  keep  his  hand  perfectly  stationary.  Now  it 
w  impossible,  by  any  voluntary  effort,  to  keep  the  hand  absolutely  still,  for  any 
length  of  time,  in  the  position  required;  an  involuntary  trcmulousness  is  aiwaya 

'  This  was  pre^cminenlly  the  caso  with  Coleridge,  whose  wliole  life  was  tittle  else  thiu] 
a  waking  dream,  uid  whose  usual  talk  wua  the  outpouriitg  of  hia  dominaDt  idesa.  (Set 
I  660/ 
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obserfoble  in  the  sasponded  body;  and  if  the  attention  be  fixed  upon  the  jmi, 
with  the  rrpecfation  that  tbc  vibrations  will  take  a  determinate  direction,  tbey 
are  very  likely  to  do  bo.'  Their  persistence  in  this  direction,  however,  only  lah% 
place  Ko  lung  as  thrt/  are  ifxtiJed  by  the  vitnial  nrvtations  ;  a  fact  irhicb  at  on« 
points  to  the  real  sprinjr  of  their  performance.  "When  the  perforroer  is  iiDprecHd 
with  the  conviction  that  the  hour  vrill  be  thus  indicated,  the  result  is  very  likely 
to  hftppon ;  and  when  it  has  once  occurred,  his  confidence  is  gnfficiently  «st»- 
bUi*hed  to  make  its  recurrence  a  matter  of  tolerable  certainty.  On  the  other 
haaJ,  the  experiiiient  seldom  succeeds  with  sceptical  subjects  ;  the  expectant  idft 
not  having  in  thera  the  requisite  potency.  That  it  is  throogb  the  Mind  ibt 
those  movements  are  regulated,  however  involuntarily,  appears  evident  frotn  th<te 
two  considerations;  first,  that  if  t!ie  performer  be  entirely  igrnorant  of  the  boar, 
the  strolcesi  on  the  glass  do  rrnt  indicate  its  number,  except  by  a  casual  coinci. 
dence;  and  second,  that  the  division  of  the  entire  period  of  the  earth's  rowfioi 
into  twenty-four  boors,  and  the  very  nomenclature  of  these  hours,  being  enlirelT 
arbitrary  and  conventional,  cannot  be  imfifrined  to  operate  in  any  other  mode.' 
These  phenomena,  in  which  no  hypothetical  'odylic'  or  other  concealed  agency 
can  be  reasonably  supposed  to  operate,  are  here  alluded-to  only  for  the  sake  of 
illustrating  those  next  to  be  described,  which  have  been  imagined  to  prore  tbt 
existence  of  a  new  force  in  Nature, 

660.  So,  again,  if  a  "  fragment  of  anything,  of  any  shape,"  be  suspended  frm 
the  end  of  the  fore-finger  or  thnmb,  and  the  attention  be  intently  fixed  upon  it, 
I  regular  oscillations  will  l)e  frequently  seen  to  take-place  in  it ;  and  if  changci  of 
'various  kinds  be  mnde  in  the  conditions  of  the  experiment,  by  placing  bodies  of 
different  sorts  beneath  the  pendulum,  or  by  the  contact  of  different  penoDS  or 
things  with  the  person  of  the  suspender,  corresponding  changes  in  the  directioa 
of  the  movements  will  very  commonly  follow.'  Now  this  will  occut,  notwilb- 
atanding  the  strong  desire  of  the  experimenter  to  maintain  a  complete  immobility 
in  the  suspending  finger;  but  iti  is  very  easily  proved  that  the  niovemeots  are 
guided  by  his  vi.euitl  sensatirns,  and  that  the  impulse  to  them  is  entirely  derived 
from  his  expectation  of  a  given  result  For,  if  he  close  his  eyes,  or  withdraw 
them  from  the  vibrating  body,  its  oscillations  (as  in  the  prcTiooa  case),  imme- 
diately lose  their  constancy;  manifestly  proving  that  the  influence  which  directs 
them  acts  through  his  consciousness.  And,  again,  if  he  be  if.'norant  of  tbc 
change  which  is  made  in  the  conditirms  of  the  experiment,  and  should  expect  or 
guess  something  different  from  that  which  really  exists,  the  niovetncnt  will  be  in 
•ccordanee  with  his  idea,  not  with  the  reality.* — Thus,  then,  we  have  here  i 

'  This  was  long  since  poiattd  out  by  M,  Cbevrenl,  wbo  investigated  the  subject  in  » 
trulj  pbilosoptliic  spirit.  Sfe  his  letter  to  M.  Anijifcre,  in  the  "  Revue  <le8  Deux-Moode*," 
Mai,  18:>.*) ;  nnd  his  recent  trentise  "  De  la  Baguette  DiTioatoire,  du  Pendnle  dit  £z]ilorv 
teur,  et  dea  Tables  Toumantes,"  Paris,  1854. 

*  For  instnnce,  ihe  huttnn  which  strikes  tlfvm  at  night  in  London,  should  strike  hrtnlf 
three  in  Borne,  where  the  cycle  of  bonrs  is  contiDoed  thrnuK^  llie  whole  twenty-four  boun; 
•nd  if  iin  Act  of  Parliatnent  were  to  introduce  the  Itnlian  borni-y  nrrnngeineDt  into  thii 
Oounlry,  all  the  Bwinging  buttons  in  her  Mnjesty's  domhiion  wotiUt  have  to  add  twelve  M 
their  number  of  po!<t-iiieriiticni  strokes;  nil  which  would  doubtless  come  to  pass  if  tbe 
experimenters'  faith  in  the  result  were  Buflfieiently  strong. 

'  See  Dr.  11.  Mayo  on  "  The  Truths  contained  in  Popular  Superstitions,"  8rd  editioa, 
Letter  xii. 

*  A  most  remnrkable  and  ooDvinctng  ex  em  plifi  cation  of  this  fact,  is  afforded  by  Dr. 
Ilenry  Mndden's  eiperiments  with  Mr.  Rutter*B  '*  Mngnetometer,"Bt  Briphtoo.  as  detailed 
in  the  "Lnocei"  for  Nov.  16,  1861. — Dr.  Muclden  hnd  sntisfied  biD)Belf.  in  the  firrt  ia- 
atance,  thit  the  vibrtitiona  of  the  suBpcmled  bmfy  were  affected  by  the  reception,  joto  bit 
ather  band,  of  bonioeopatbic  glnbules,  whose  differences  of  compositioD  were  indicated  hj 
eorreapomiing  changes  in  the  direction  uf  the  nKcillnlluns.  But  having  been  led  to  re-ex- 
amine the  ijueotioa,  and  to  apply  that  test  vliicti  heoupht  to  bare  applied  from  tbe  fir^— 
uatnely,  to  hnve  various  globules  put  into  bis  hand,  without  being  himself  made  tmn  int 
their  composition, — he  found  that  the  results  entin-ly  lo»t  their  prerioue  constancy.  «bi<i 
Vas  thus  evidently  due  to  his  tfX(>ectatioti  of  a  particular  movement  in  each  case.     It  »• 
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most  distinct  proof  that  a  state  nf  tnind  exists,  which  is  neither  volitional  nor 
emotional,  but  which  consists  in  the  complete  engrossment  of  the  attention  by  a 
fixed  Idea;  whereby  definite  muscular  nioveinents  arc  produced,  in  spite  of  a 
dctermiued  exertiun  of  the  Will.  The  Will  is  concerned,  however,  ia  the  in- 
duction of  the  mentjil  state  in  question,  by  the  fixation  of  the  attention  on  the 
oecillating  body ;  and  it  is  only  in  those  individuals  who  possess  the  power  of 
▼olunLary  absiraotion  (§  ^6>'i')  to  a  considerable  extent,  that  fhe  experiment  is 
likely  to  succeed.  It  is  scarcely  necessary  to  add,  that  as  faith  in  its  result*  is 
eseeutial  to  their  production,  those  who  are  acrjuainted  with  the  mode  in  which 
they  are  really  brought-about,  are  not  likely  to  bo  good  subjects  for  it 

(561.  It  is  doubtless  oo  the  very  same  physiological  principle,  that  we  are  to 
explain  the  mysterious  phenomena  of  the  '  Divining-Rod,'  which  have  been  ac- 
cepted as  true,  or  rejected  as  altopetber  fabulous^  according  to  the  previous 
habits  of  thought  of  those  who  have  piven  their  attention  to  the  subject.  Now, 
that  the  end  of  a  hazel-ftirk,  Mhoee  limbs  are  grasped  firmly  in  the  hands  of  a 
person  whose  faith  can  pcarcely  be  dnubted,  fretjuently  points  upwards  or  down- 
wards without  any  intentional  direction  on  his  part,  and  often  thus  moves  when 
there  is  metal  or  water  beneath  the  surface  of  the  ground  at  or  near  the  spot,  is 
a  fact,  which  is  vouched-for  by  such  testimony,  that  we  have  scarcely  a  right  to 
reject  it;  and  when  we  come  to  examine  into  the  conditions  of  the  occurrence, 
we  shall  find  that  they  are  such  as  justify  us  in  attributing  it  to  a  state  of  txprc- 
tant  atftTih'oHf  which  (as  we  have  seen)  is  fully  competent  to  induce  muscniar 
movement.  For  in  the  first  place,  as  not  above  one  individual  in  forty,  even  in 
the  localities  where  the  virtues  of  the  divining-rod  are  still  held  as  an  article  of 
faith,  18  found  to  succeed  in  the  performance  of  this  experiment,  it  is  obvious 
that  the  agency,  whatever  be  its  nature,  which  produces  the  deflection,  must 
operate  by  affecting  the  holder  of  the  rod,  and  not  by  attracting  or  repelling  the 
rod  itaelf.  And  when  experiments  are  carefully  made  with  the  view  of  detcr- 
laining  the  nature  of  this  agency,  they  are  found  to  indicate  most  clearly  that  the 
state  of 'expectant  attention,'  induced  by  the  anticipation  of  certain  results,  is 
fully  competent  to  produce  them.  For  the  mere  act  of  holding  the  rod  for  some 
time  in  the  required  po.sition,  and  of  attending  to  its  indications^  is  sufficient  to 
produce  a  tendency  to  spasmodic  contraction  in  the  grasping  muscles,  notwith- 
standing a  strong  effurt  of  the  will  to  the  contrary ;  and  when,  by  such  contrac- 
tions, the  limbs  of  the  fork  are  made  to  approximate- towards  or  to  separate-from 
each  other,  the  point  of  the  fork  will  be  caused  to  move  either  upwards  or  down- 
wards, according  to  the  position  in  which  it  is  held.  If,  when  the  muscles  have 
thia  tendency  to  contruct,  occasioned  by  their  continued  restraint  in  one  position, 
the  mind  be  possessed  with  the  expectation  that  a  certain  movement  will  ensue, 
that  movement  will  actually  Uike-place,  even  though  a  strong  cfibrt  may  be  made 
by  the  Will  to  prevent  any  change  in  the  condition  of  the  ronscles.  And  a  euf- 
fioient  ground  for  such  expectation  exists,  on  the  part  of  those  who  are  possessed 
with  the  idea  of  the  peculiar  powers  of  the  divining-rod,  in  the  belief,  or  even  in 
the  surmise,  that  water  or  metal  may  lie  beneath  particular  points  of  the  surface 
over  which  they  pass.' — The  same  instrument  appears  to  have  been  used,  even 

muii/estatioD  of  the  very  imperfect  analysis  which  is  comnionl;  made  of  such  phenoDK^niL, 
that,  from  the  niotiietil  when  they  arefouDil  referable  to  &  ph^HiolDgienl  principle,  inrtesd 
of  denoitfltr»ting  (u  the;  were  nt  first  euppoBcd  to  do)  the  existence  of  a  new  force,  tbej 
s«etn  to  lose  all  their  intereHt  for  Ihoee  who  had  prevbuslj*  wnt<>hed  them  with  eager- 
n4M8<  and  to  be  set  down  aa  illuBory,  or  as  the  product  of  the  'tmaginatioo  ;'  tiotwithstand- 
ing  that  they  are  as  real  in  the  one  case  aa  in  the  other,  and  are  not  in  nnj  degree  lena 
eurioaa  and  interesting  wlien  oonsidered  under  the  former  aspect,  than  when  viewed  in  the 
latter. 

•  This  wa«  admitted  even  by  Dr.  H.  Tklnyo,  notwithstanding  his  belief  in  the  existence  ot 
ao  'Od-force,'  governing  the  movenjents  of  the  diTining-rod.  For  he  found  in  the  courpe 
of  his  experiments,  that  when  his  '  diviner  '  knew  which  wny  he  expected  the  fork  to  moTO, 
it  invariably  aotwered  bis  expectations ;  bat  when  he  had  the  man  blindfolded,  th«  rwalu 

as 
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.from  a  very  early  period,  by  those  -who  were  Bupposed  to  poasesss  'a  fpiril  of 
divination/  for  the  purpose  of  giving  replies  to  questions  by  its  movements,  pre- 
cisely after  the  fashion  of  the  *  talking  tables'  of  our  own  day,  the  hands  of  Uja 
operators  (where  they  really  believed  in  their  power,  and  were  not  itoposton) 
being  aatomatically  impelled  to  execute  the  appropriate  taovements  of  tbe  rod, 
by  their  idea  of  what  the  answer  should  be.' 

662,  No  difficulty  can  be  felt  by  any  one  who  has  been  led  by  the  preceding 
considerations  to  recognize  the  principle  of  '  Ideo-Motor  actions,'  in  appf jing  this 
principle  to  the  phenomena  of  '  Table-tuming'  and  'Table-talking;'  which, 
when  rightly  analysed,  prove  to  be  aiuoDg  the  very  best  examples  of  the  reflei 
operations  of  the  Cerebrum,  that  are  exhibited  by  individuals  who«e  Estate  of  niiiid 
can  scarcely  be  considered  as  abnormal.  The /acta,  when  stripped  of  the  invoU 
mcnt  of  the  marvellous  with  which  they  have  too  commonly  been  clothed,  ire 
simply  as  follows : — A  number  of  iodividunls  seat  themselveB  round  a  table  oa 
which  they  place  their  hands,  with  the  vha  impressed  on  their  minds  that  tb« 
table  will  move  in  a  rotatory  direction ;  the  direction  of  the  movement  to  tha 
right  or  to  the  left,  being  generally  arranged  at  the  commencement  of  the  experi- 
ment.    The  party  sits,  often  for  a  considerable  time,  in  a  state  of  expedaiioo, 

were  uncerlnin  nnd  contradictory.  Hence  be  became  certain  that  several  of  tboie  to 
wbose  hand»  the  diTiniag-rod  moves,  pct  it  in  tootioD.and  direct  its  inotion  (bowereriimn- 
tcDtion&lly  and  unooosciouely)  by  the  pressure  of  their  fingers,  and  by  carrTiogr  tbw 
handa  nearer-to  or  apart-from  each  other.  (Sec  U\a  Letters  "  On  the  Truths  contAiord  vt 
fopnliir  Sapcr«titian8,"  Letter  i.)- — The  following  statement  of  the  results  obtaiaed  by  a 
very  intelligent  friend  of  the  Author,  who  took-up  the  inquiry  some  years  ago,  with  a  ctrittg 
prepossession  (derived  from  the  assurances  of  men  of  high  scientific  notej  in  favoor  of  the 
reality  of  the  supposed  influence,  but  yet  with  a  desire  to  iuTestigate  the  whole  mttMr 
carefully  and  philosophically  for  himself,  irill  serve  as  a  complete  illustration  of  the  da»- 
trine  enunctuled  nbove.  Haying  duly  provided  himself  with  &  hniel  fork,  he  eet-oat^oa 
a  survey  of  the  neighbourhood  in  which  he  happeoed  to  be  staying  on  a  visit ;  this  disteici 
wnH  one  known  to  be  traversed  by  mineral  Teins,  with  the  direction  of  some  of  which  be 
was  acquainted.  With  his  ■  divimng-rod '  in  his  hand,  nnd  with  his  attention  closely  tsei 
upon  bis  instrument  of  research,  he  walked-furth  upon  bis  experimental  tour;  and  it  wu 
not  long  before,  to  hia  great  satisfaction,  he  observed  the  point  of  the  fork  to  be  io  natja^ 
at  the  very  spot  where  he  knew  that  be  was  crossing  a  metallic  lode.  For  aanj  Ich  cM' 
tious  invectigAtors,  this  would  hnve  been  enough ;  but  it  served  only  to  satisfy  this  geatl»> 
man  that  he  was  a  favourable  subject  for  the  trial,  and  to  atimulate  bim  to  farther  inquiry. 
Proceding  in  hia  walk,  and  still  holding  his  fork,  nfcundum  artfm,  he  frequently  noticed  its 
point  in  motion,  and  made  a  record  of  the  localities  in  which  this  occurred.  He  repeated 
these  trials  on  several  consecutive  days,  until  he  had  pretty-thoroughlj  examined  lb* 
neighbourhood,  going  over  some  parts  of  it  several  times.  When  he  cnme  to  compare  umI 
analyse  the  re&ults,  he  found  that  there  was  by  no  means  a  satisfactory  accordsBM 
amongst  them  ;  for  there  were  many  ppots  over  which  the  rod  had  moved  on  one  oocasiMii 
at  which  it  bad  been  obstinntety  <<iati<)niiry  on  others,  and  vict  rertS  ;  so  that  the  coaataacy 
of  a  physical  agency  seemed  aUojjether  wanting.  Further,  be  fonnd  that  whilst  some  of 
the  spotj  over  which  the  rrKl  bud  muveil,  were  tboftc  ktiown  U>  bo  traversed  by  minctil 
veins,  there  were  mnny  others  in  which  its  indicntions  had  been  no  less  positive,  bat  ia 
which  those  familiar  with  the  mining  geology  of  the  neighbourhood  were  well  assured 
that  DO  veins  existed.  On  the  other  hand,  the  rod  bad  remained  motionless  at  maoy 
points  where  it  outfit  to  have  moved,  if  its  direction  had  been  affected  by  any  kind  of  ter- 
restrial emanation.  These  facts  led  the  eiperimenler  to  a  strong  suspicion  that  Ibe  csTiia 
existed  in  himself  alone ;  and  cnrrying-out  his  experiments  still  further,  he  nscertained 
that  he  could  not  bold  the  fork  in  bis  hand  for  many  minutes  consecutively,  oono«otralisg 
his  attention  fixedly  upon  it,  without  an  alteration  in  the  direction  of  ita  point,  isMas^- 
queDce  uf  an  )nvolnDt»ry  though  almost  imperceptible  movement  of  bis  bands;  M  distis 
the  greater  number  of  iDStaDcea  in  which  the  rod  exhibited  motion,  the  phenoraenoo  aw 
clearly  attributnbte  to  this  cause,  and  it  was  a  matter  of  pure  accident  whether  the  ii>«*e- 
nient  look-place  over  a  mineral  vein,  or  over  a  blank  spot.  But  further,  he  aa«ataiBeJ 
on  a  comparison  of  his  results,  that  Ibe  movement  took-place  more  frequently  whiCV  la 
knew  or  Buspcctod  the  existence  of  mineral  veins,  than  in  other  situations;  and  IkM  kt 
cnme,  witlu>ul  any  linuwledge  of  the  theory  of  exptctant  attention,  to  the  practical  OPaola- 
■ioa  lh»t  the  actions  of  his  nerves  and  muscles,  were  io  great  degree  regulated  by  tk* 
ideas  which  possessed  hia  mind. 
'  See  Chevreul,  Op.  oit.,  premiere  partie. 
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ith  tlic  whole  atteotion  fixed  upon  tlic  table,  and  looking;  eagerly  for  the  first  sign 
of  the  antic'i{>ated  motion.  Generally  one  or  two  aligut  chaoses  id  its  place 
berald  the  approaching  revolatioa ;  these  tend  stilt  more  to  excite  the  eager  atten- 
tion of  the  porformer*,  and  then  the  actual  '  turaiog '  begins.  If  the  parties 
retaio  their  seats,  the  revolution  only  continues  as  far  as  the  length  of  their  arms 
will  allow ;  but  not  uofrecjuently  they  all  rise,  feeling  themselves  obliged  (as 

»tbey  Msert)  Ui/(Mow  the  iable;  and  from  a  walk,,  their  pace  may  be  accelerated. 
to  a  run,  until  the  table  actunlly  spins-round  so  ftist  that  they  can  no  longer  keep- 
ifip  with  it.  AH  this  is  done,  not  merely  without  the  least  consciousness  on  the 
■part  of  the  performers  Ihat  they  are  exercising  any  force  of  their  own,  but  for 
the  roost  part  under  the  full  fonviction  that  they  are  not, — Now  the  rationale  of 
these  and  other  phenomena  of  a  like  kind,  is  simply  as  follows.  The  continued 
oonceotration  of  the  atteotion  upon  a  certain  Idea  gives  it  a  "dominant*  power 
not  only  over  the  mind,  but  over  the  body ;  and  tbc  muscles  become  the  involun- 
tary instruinenta  whereby  it  in  carried  into  operation.  In  this  case,  too,  as  in 
that  of  the  divining-rod,  the  moTemcnt  is  favoured  by  the  state  of  muscular  ten- 
sion, which  ensues  when  the  bands  have  been  kept  for  some  time  in  a  fixed 
position.  And  it  is  by  the  continued  influence  of  tho  Momiaant  irlea,'  ihut 
the  performers  are  impelled  to  follow  (as  they  believe")  the  revolution  of  the  table, 
which  they  really  sustain  by  their  cnntiuued  propulsion,  llowever  conscienti- 
oualy  they  may  believe  that  the  attraction  of  the  table  carries  them  along  with 

»ity  ioetead  of  an  impulse  which  originates  in  themselves  pushing  along  the  table, 
yet  DO  one  feels  the  least  difficulty  in  withdrawing  his  hand,  if  he  really  tcillit  tu 
do  80.  But  it  is  tbe  characteristic  of  the  state  of  mind  from  which  ideo-cuotur 
actions  proceeil,  that  the  volitional  power  is  for  the  time  io  abeyance ;  the  whole 
mental  power  being  absorbed  (as  it  were)  in  the  high  stale  of  tension  to  which 
the  ideational  consciousness  has  been  wrought-up.  To  this  rationale,  all  the 
re^ultfi  of  the  variations  that  have  been  from  time  to  time  introduced  into  the 
experimcDt,  are  perfectly  conformable;  it  having  been  always  found,  that  when 
»ny  method  was  employed  under  the  conviction  that  the  process  would  be  favoured 
by  it  (as  when,  during  the  reiga  of  tbe  electrical  hypothesis,  the  feet  of  the 
table  were  insulated,  or  a  continuous  circuit  was  mude  by  the  hands  of  the  per- 
formers), the  expectation  thus  excited  brought-about  the  result  at  an  earlier 
perio^i  than  usual.' 

6t>3.  The  application  of  the  same  principle  to«  the  ordinary  phenomena  of 
*  Table-talking '  is  so  obviou.s  as  to  need  no  lengthened  exposition.  There  can 
be  no  reasonable  doubt  that  these  phenomena  have  been  manifested  in  a  large 
number  of  instanoes,  through  the  agency  of  individuals  who  would  not  wilfully 
be  parties  to  deoeption  of  any  kind;  and  that  tbe  movements  which  they  iuvoi- 
unturily  gave  to  the  tables,  were  the  expressions  of  the  ideas  with  which  their 
own  minds  were  possessed,  as  to  what  the  answers  should  be  to  the  questions 
propounded.'     It  is  asserted,  however,  that  the  *  talking-tablea '  often  give  true 

'  The  demonstration  that  the  table  rea1]j  is  moved  bj  the  hands  placed  upon  it,  oot- 
with»t«nding  the  poaitive  convicttou  of  the  performers  to  the  coutrurj,  was  firat  afforded 
bj  the  verjr  ingenioiu  'indicator'  devised  bj  Prof.  Faraday;  which  showed  that  lateral 
pressure  U  aiu-at/t  eierciried,  bowcTer,  uncoQBciouslj,  before  the  movemetit  CQHimeucea; 
and  that  if  by  k<<oping  their  eyes  upon  the  index,  the  performers  check  the  first  tendeuc/ 
to  exert  such  pressure,  the  utde  never  gives  the  least  sign  of  movemeut.  —  Prof.  Faradaj 
did  not  in  his  welUknown  Letter  on  this  subject  ("  Athenieum,*'  July  2,  1S53},  offer  any 
phyticilogieal  rationale  of  thi!)  unc^'nKcious  muscular  action;  but  referred  for  it  to  "'the 
I>i»rour«e  delivered  by  Dr.  Carpenter  at  the  Royal  Institution,  Marult  li!,  18.52,  *i>a 
the  indut^nt'e  of  SuggCHtion  in  modifying  and  directing  Muscular  Movement  independent!/ 
of  Volition,"  in  which  the  ditctriue  of  Idco-mutur  action  had  been  for  the  first  time  pub- 
licly enunciated. 

*  This  Riu<!t  b«  perfectly  clear  to  those  who  will  read  vrith  candour  the  various  publica- 
tions of  their  experience  with  'talking  tables,'  put-forth  by  the  Revds.  N.  S.  (JoillVey, 
E.  Oillsoo,  B.  W.  Dibjlln,  and  other  clergymen,  who  bad  adopted  the  idea  that  llieji  com- 
nnnicatcd  through  those  means  with  Evil  Spirits,  or  even  with  Hntnn  himself.  A  mors 
deuilcd  analysis  of  ihU  nod  other  kindred  suhjecls  than  tbe  present  work  affordji  epact 
for,  will  be  found  in  the  "Quarterly  Keriew/'  Sept..  18^ 
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answers  to  questions  proposed  to  them  ,aB  to  matters  of  fact,  thoagli  Dooe  of  the 
parties  present  may  have  any  knowledge  of  what  tbe  answera  sboojd  be;  \m\ 
tbis,  if  it  be  really  so,  is  not  only  far  from  being  opposed  to  tbe  Pbysiologial 
doctrines  here  advanced,  but  affords  a  curious  illustration  and  extension  of  them. 
For,  as  there  is  no  doubt  that  impressions  once  made  upon  our  consciousnesi, 
though  subseriuently  entirely  lost  to  it,  may  direct  our  trains  of  tbon^t  io 
PcIJriam  and  Dreaiuitig,  or  itiny  evou,  us  in  SuumawbuJism,  govern  our  acti 
80  docA  it  seem  quite  reusonable  to  attribute  the  inu^cular  movemeDts  by  v 
the  table  is  made  to  answer,  to  impresaiona  left  by  past  ideas  upoD  tbe  Ccrebran" 
on  which  it  reacts,  by  an  operation  analogous  to  the  '  unconscious  oerebratioo' 
already  described  (§  053),  so  as  to  work-out  results  through  the  muscular  eyjten, 
of  whose  source  within  himself  the  operator  is  as  ignorant  as  he  is  of  his  eierrtw 
of  nerve-force  in  calling  the  muscles  into  contraction.'  The  truth  of  this  view 
has  been  tested  by  csperiuients  so  varied  as  to  exclude  al!  possibility  of  influeace 
ft-om  such  '  latent  ideas;'  and  it  baa  been  then  found  that  the  table  ooald  reveal 
nothing  whatever. 

664;.  To  this  same  category  are  doubtless  to  be  referred  a  large  number  of 

those  actions  of  Mesmeric  '  subjects,'  which  have  been  considered   by  eome  u 

^most  unequivocal  indications  of  the  existence  of  an  agency  gui  t/mem't,  whilMbj 

[others  they  have  been  regarded  as  the  results  of  intentional   deception.     MtBj 

of  them  are  of  a  kind  which  the  Will  could  not  feign,  being  violent  ooovolnve 

I  luovementSj  such  as  no  voluntary  effort  could  produce  J  but  the  Mesmeric  *Bab> 

I  ject'  being  previously  possessed  with  the  expectation  that  certain   results  wiD 

fbllnw  certain  actions  (as,  for  instance,  that  convulsive  movements  will  be  brought* 

on  by  touching  a  piece  of  mesmerised  metal),  and  the  whole  nervous  power  being 

concentrated,  as  it  were,  upon  the  perforuiancc,  the  movements  follow  when  the 

subject  bf/ievea  the  conditions  to  have  been  fulfilled,  whether  thej  hat?e  been,  or 

not.     These  facts  were  mast  completely  established  by  the  Commission  appointed 

to  investigate  the  pretensions  of  Mesuier  himself;  and  whilst  they  demonstnte 

the  unreality  of  the  supposed  mesmeric  influence  (so  far,  at  least,  as  this  daal 

of  phenomena  is  concerned),  they  also  prove  the  position   here   cont^nded-for, 

namely,  the  sufiBcienoy  of  the  state  of  expectant  atfr-ndon,  in  those  whose  miodf 

can  be  completely  possessed  by  it,  to  produce  effects  of  the  same  nature  witii 

those  which  are  induced  in  Hysterical  subjects  by  emotional  ezcitemeot.     (Sm 

§  696). 

6fi5.  Dftermhiinij  Pbicer  of  Vofid'on. — We  have  now,  in  the  last  place,  to 
enquire  into  the  mode  in  which  Volition  operates  io  determining  the  conrsc  of 
Thought  and  the  rogulntfon  of  the  Conduct; — a  prnbUtu  of  extreme  difficaltj, 
the  entire  solution  of  which  may  not  lie  within  the  limited  sphere  of  Mao'f 
present  capacity.  The  chief  subject  of  embarnissmeot,  howevt-r,  is  rather  th« 
nature  and  source  of  the  Will  itself,  than  the  conditions  of  its  operation ;  for 
whilst  a  careful  analysis  of  our  own  consciousness  throws  much  light  on  the  latter, 

'  The  following  is  a  rentftrkablo  cvample  of  tfaia  Icind  or  Action,  which  is  detailed  in  tbl 
Rev.  K.  W.  Dibdio's  Lecture  oii  Table-tomiag. —  A  gentlenjan  who  was  ftt  the  timt  ft 
believer  in  the  '  BpirituaF  agencjf  of  his  tuble,  ("upposed  himself  to  be  in  commaaickUM 
with  Edward  Young,  the  poet.  The  Bpirit  having  been  desired  to  prov«  biB  identitr  Ij 
citing  a  line  of  his  poetry,  the  table  rapped-nut  "Man  was  not  itiHde  to  question,* 
adore."     Being  nslied  whether  the  line  was  in  the  '  Night  Thoughts,'  the  spirit 

(through  the  table)  "No."     ""Where  is  it  then!"     The  reply  wns  "Job."     No „ 

familiar  with  Young's  Poems,  the  questioner  did  not  know  what  this  meant:  but  the  oeit 
day  he  bought  a  copy  of  the  book  ;  and  at  the  end  of  the  Night  Thoughts  he  fouod  i 
Parnphrase  on  Job,  the  Inst  line  of  which  is  that  just  cited.  Of  course  he  was  very  utwk 
astonished  that  thia  should  haife  been  enunciated  hy  the  table:  but  some  time  afterwu^ 
lie  found  that  he  had  had  the  btiok  in  hi^  house  aU  the  time,  and  that  he  had  read  it 
fore;  »o  that  the  remarkable  line  with  wliicb  the  rnrnphrnse  of  Job  closes,  had  doafa 
left  behind  it  a  cerebral  tmpressioii,  which,  being  called  into  activity  by  mn  appn>p 
BUg^stion,  ocoasioned  the  same  effect  upon  bis  muscular  moTements,  as  if  the  remetabnoM 
of  it  had  b«ea  aotusUy  present  to  his  oooaciouBnesa. 
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the  scientifia  iuTestigatioo  of  the  former  has  seemed  to  lead  to  results  which  aie 
inconsistent  with  our  intuitive  conviction  of  freedom,  as  well  as  with  our  scarcely 
less  intuitive  nolina  of  moral  responsibility.  Dismissing  the  former  question, 
therefore,  as  one  which  requires  a  much  more  laboured  discussion  than  could 
here  be  appropriately  bestowed  upon  it,  we  may  apply  ourselves  to  the  considera- 
tioa  of  the  ino-de  iu  which  Yolitiua  acta  (1)  upon  the  Corporeal  orga.Di8ui,  and 
^2)  upon  our  Psychical  nature. 

6GG.   It  is  a  fact  of  universal  eiperience,  that,  although  certain  states  of  Mind 
li&ve  a  remarkable  indueocc  on  the  Organic  functions,  no  change  in  their  osu&l 
coarse  can  be  determined  by  the  direct  influence  of  the  Will'     The  only  sensi- 
ble effect  which  the  strongest  effort  of  Volition  can  produce  on  the  bodily  frame, 
is  the  excitation  of  muscv/ar  confracfion.     Now  if  we  examine  into  the  cause  of 
a  Volitional'  movomcnt,  we  find  it  to  He,  as  in  other  instances,  in  a  certain  com- 
bination of  material  cmiditirnn  with  il^namiatl  agt'ncy  (§  585).     The  aggregate 
of  the  luatcriai  conditions  is  a  state  of  integrity  of  the  Muscular  and  Nervous 
apparatus  ihrough  which  the  Will  operates;  the  dynamical  agency  is  the  ejfort 
which  we  are  conscious  of  puttiug-forth,  and  which  we  feel  to  be  the  power  by 
which  the  worjc  is  done ;  the  degree  of  volitional  exertion  required  being  strictly 
proportional  to  the  amount  of  resistance  to  be  overcome,  and  being  followed  by  a 
corresponding  sense  of  /afit/ue,  which  is  the  indication   of  the  expenditure  of 
force.     As  already  pointed-out  (§  625),  it  is  an  essential  condition  of  every  Vo- 
litioQul  action^  that  a  distinct  idea  should  exist  of  the  object  to  he  attained,  and 
that  there  should  be  also  a  belief  in  tLo  possibility  of  attaining  it  by  the  means 
employed  ;  aud  further,  that  the  amount  of  power  which  can  be  put- forth  on  any 
occasion,  is  depeudcut,  cseteris  paribus^  upon  the  degree  in  which  the  attention 
15  concentrated  upon  the  effort,  and  the  mind  withdrawn  from  the  contemplation 
of  other  objects.     Hence  it  is  (as  was  there  shown)^  that  Emotional  excitement 
may  either  intensify  or  may  paralyse  the  Volitional  power,  according  as  it  deter- 
mines or  interferes-with  the  special  direction  of  the  mental  energy  to  the  object 
with  which  it  is  connected.     But  the  same  influence  ia  capable  of  being  exerted 
by  the  simple  dominance  of  iJeas,  in  certain  states  of  mind  in  which  the  direct- 
ing power  of  the  W^ill  over  the  current  of  thought  ia  altogether  suspended,  with- 
out the  destruction  of  the  capacity  for  voluntary  exertion  of  the  nervo-muscular 
apparatus.     Thus  the  Author  has  seen  a  man  remarkable  for  the  poverty  of  his 
muscular  development,  who  shrank  from  the  least  exertion  in  his  ordinary  state, 
lift  a  28-lh.  weight  upon  his  little  finger  alone,  and  swing  it  round  his  head  with 
the  greatest  facility,  when  in  that  state  of  artificial  somnaaibulistn  termed  Hyp- 
notism by  Mr.  liruid  (§  G[*5)j  his  extraordinary  command  of  muscular  power  in 
this  condition,  being  simply  due  to  the  complete  conccntnitiou  of  his  mental 
energy  upon  the  one  object,  and  to  the  dominance  of  the  idea  (with  which  his 
mind  was  possessed   by  the  conSdcnt  assurances  of  Mr.  Braid)  that  he  could 
attain  it  with  the  greatest  facility, — that  idea  not  being  negatived  by  his  ordinary 
experience,  for  reasons  to  be  pre.sently  stated  (§  670),     On  the  other  hand,  the 
eame  individual  (whilst  in  the  hypnotic  state)  declared  himself  altogether  unable 
to  raise  a  handkerchief  from  the  table,  after  many  apparently  strenuous  efforts; 

'  "Which  of  you,  by  taking  thougbt,  can  add  one  oabit  to  bis  ataturo?"  '*Tbou  canat 
not  mAke  one  hair  white  or  black." 

*  The  terra  volitional  waa  botho  years  sinoo  enggeated  by  Dr.  Symonda.  in  an  excellent 
BMay  on  the  '  Connection  between  hlind  bod  Muacle,'  published  iu  the  *'  West  of  England 
JoamaL,"  1885,  u  cxpreaaing  more  eiapbaticitlly  tbaa  voiuntanj  tho  characters  of  an 
action  proceeding  from  a  dietinct  choice  of  the  object,  aod  from  a  dotermin&te  effort  to 
attain  it.  The  word  voluntary  may  perhnpa  be  applied  to  that  widiTcluss  ofaclititis,  iu 
which  there  is  no  very  distinct  choice  or  oonsciouH  effort,  but  in  which  the  oioveoieut  flowa 
a«  it  were  spontaaeouHly  from  the  aniccedent  mental  state;  the  consciuusness,  bowerer, 
being  fully  awake  to  its  performance,  and  the  will  being  brought  to  bear  delerminatoly 
upon  it,  whenever  an  opposing  mative  tends  to  check  the  process  or  to  alter  ita  directioo. 
&e«  i  647. 
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his  mind  having  been  previously  posseased  by  the  assumnoe,  that  its  veifrht 
too  groat  for  hitn  to  move.'     In  that  curious  state  of  artificial  Reverie,  wbich 
recently  attracted   much   attention  under  the  inappropriate   name  of  '  El 
Biology'  (§  672),  preciiwly  the  same  phenoraena  uiay  be  observed ;  the  »ubj 
of  it  being  prevented  from  performing  the  coraraoDcst  voluntary  movemeou, 
the  assurance  that  they  cannot  execute  them,  which  a.ssuraDee  takes  fall 
of  their  minds,  in  virtue  of  their  want  of  power  to  bring  their  ordinary 
ence  to  bear  upon  the  idea  thus  introduced }  whilst  they  may  be  compelled, 
the  dominance  of  ideas  introduced  in  like  manner  by  external   snggestioD 
perform  actions,  whicb,^  if  not  physically  impossible  to  them   in   tlieir  ordi 
etate,  they  could  not  be  induced  to  execute  by  any  conceivable  motives. 

607.  These  facts  are  not  so  far  removed  from  our  ordinary  experience  as  mi 
at  first  sight  appear.  For  it  mu.st  be  within  the  knowledge  of  every  one, 
vrhen  Jirst  attempting  to  perform  some  new  kind  of  action,  the  power  w 
capable  of  exerting  depends  in  great  measure  upon  the  degree  of  our 
of  success.  Of  this  we  have  a  good  example  in  the  process  of  learning  to 
which  is  greatly  facilitated,  as  Dr.  Franklin  p:>inted-out,  by  our  first  taking 
means  to  satisfy  ourselves  of  the  buoyancy  of  our  bodies  in  the  water,  by  aitempt- 
ing  to  pick  up  an  object  from  the  bottom.  And  every  one  is  aware  of  the  u^ 
ance  derived  from  tiie  encouragement  of  others,  when  we  are  ourselves  dottMll 
of  our  powers  ;  and  of  the  detrimental  iiiOuenoe  of  discouragement  or  ntggMtc^ 
doubt,  even  when  we  previously  felt  a  considerable  confidence  of  sucoesB.'   TImm 

'  The  Author  has  every  reaaoD  to  beliere  that  the  pfltsooal  ohnracter  of  thia  indhidoal 
placed  him  nbuTe  the  suspicion  of  deceit;  and  it  is  obvioas  that  if  he  h»A yr^ctiiti  A» 
first  of  the  above  performances  (which  Yerj  few.  even  of  the  etrongeat  men,  ooald  acooB- 
pliab  without  prnctioc),  the  effect  wotild  biiTe  been  visible  in  his  moacular  derelopiBc&L 
Of  courir'o,  thure  was  not  an  equal  proof  of  the  absence  of  deception  in  the  aecood  case  U 
ia  Ihv  firnt;  but  if  the  reality  of  the  first,  and  the  Taiidily  of  the  expUnatioa  above  givea, 
be  admitted,  there  ueed  be  no  difficulty  in  the  reception  of  the  second,  Btno«  it  ia  aalf 
another  manifestation  of  the  same  mental  oomlition. — Of  the  almost  saperfauinaa  itft^pt 
and  agility  with  which  the  body  Beema  endowed,  when  the  whole  energj  is  ooooantntri 
upon  some  nervo-muacular  effort,  especially  under  the  influence  of  an  overpowerii^ 
emotion,  the  following  remarkable  example  has  been  communicated  to  the  Author  bj  a 
gentleman  on  whom  he  can  place  full  reliance,  and  who  was  personally  cognitant  of  tbt 
fuct.  An  old  cook-maid,  tottering  with  age,  having  heard  an  alarm  of  fire,  seix«d  aa 
enormous  box  ooutairiing  ber  whole  prnpcrty,  and  ran  down  stairs  with  it,  as  eoslj  oisbt 
would  hare  carried  a  dish  of  meat  After  the  6re  bad  been  extinguiabed,  ohe  could  aot 
lift  the  box  a  hair's  breadth  from  the  ground,  and  it  required  two  men  to  convey  it  op* 
stairs  again. 

'  The  Author  well  remembers,  several  years  ago,  being  among  those  who  tested  tkt 
validity  of  the  atnteraent  put-forth  in  Sir  D.  Brewster's  •'  Natural  Magic,"  that  four  per- 
sons can  lift  a  full-aixed  individual  from  the  ground,  high  into  the  air,  with  the  greatest 
facility,  if  they  all  take-in  a  full  breath  previously  to  the  effort,  the  persoo  lifted  doing  tkl 
Biime.  He  could  readily  unden>tand,  upon  physiological  principles,  that  a  full  ins|itratiMi 
un  the  part  of  the  ii/trrs  would  have  a  oertaln  degree  of  efficacy  in  augmenting  thmr  sorro- 
muacular  power;  but  he  could  not  perceive  how  the  performance  of  the  some  act  by  Ik* 
prrn/n  lifted  could  have  any  apprecinble  effect ;  and  while  many  of  his  acquaiotaaeai 
assured  him  that,  when  all  the  conditions  were  duly  observed,  the  bodj  went  up  'likei 
feather,'  and  that  they  felt  sutisGed  of  being  able  to  support  it  upon  the  points  of  tbcir 
lingers,  he  found  bis  own  experience  quite  different;  and  came  to  the  conclu^on,  sfl<f 
much  observation,  that  the  facility  afforded  by  this  method  entirely  depended  upon  ik» 
degree  in  which  it  fulfilled  the  nbuve-meutioned  conditions,  namely,  the  fixation  of  Ibl 
attention  upon  the  effort,  and  tbe  conviction  of  the  success  of  the  method.  Whenever  Iht 
attention  was  distracted  and  confidence  weakened  by  scepticism  aa  to  the  result,  the  pf^ 
mised  assistance  was  not  experienced  — The  Author  may  also  mention,  as  a  very  cbarae- 
teristic  illustration  of  the  same  principle,  the  following  little  circumstance  commaaicated 
him  by  a  friend.  This  gentleman  related  that,  having  been  accustomed  in  his  boybooi^ 
pluy  ntbngateile  with  other  juniors  of  his  family,  the  party  was  oocaeionally  joined  (' 
relative  who  was  noted  for  ber  euccess  at  the  game,  and  who  was  consequently  a 
dreaded  as  an  opponent ;  and  that,  on  one  occasion,  when  she  was  about  to  take  her  t 
Against  him,  he  roguishly  exclaimed,  "Now,  aunty,  you  will  not  be  able  to  make  a  hit; 
the  effect  of  which  suggestion  was,  that  t>he  missed  every  stroke, — and  not  only  at  tbtl 
turn,  but  through  the  remainder  of  the  evening. 
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familiar  facts  show  us,  therefore,  that  the  phenomena  jost  described  afl  occarring 
in  abnormal  states,  are  in  no  respect  contnsrjr  to  our  knowledjje  of  the  conditions 
under  which  the  Will  operate?  in  producing  mnsoular  moroment;  but  afford, 
vheu  riffhtiv  interpreted,  a  strong  con&rmatioQ  of  the  stiiteiQeDta  already  made 
respecting  the  nature  of  lhof>e  conditions. 

668.  The  Will  is  exerted,  however,  not  merely  in  defermining  the  actions  of 
the  body,  hut  also  in  regulating  the  operations  of  the  Mind;  and  here,  again,  we 
find  that  its  action  ia  limited  hy  certain  conditions,  the  knowledge  of  which  19  of 
great  importance.  It  may  be  said,  generally,  that  we  have  no  direct  power  of 
calling  before  our  consciousness,  by  a  volitional  effort,  ideas  which  are  not  already 
present  there;  thus,  in  the  act  of  Recollection,  we  can  do  no  more  than  fix  our 
minds  upon  those  ideas  which  seem  most  likeiy  to  recall,  by  an  act  of  suggestion, 
the  one  which  we  desiderate  (§  (>44).  But  what  we  do  possess,  is  the  jtower  of 
excluding  some  ideas,  nnd  of  hnnginp  others  promtncntly  before  our  mental 
vision;  and  this  by  the  power  of  Vohoitart/  Attention,  which  is  the  chief,  if  not 
the  sole,  means  through  which  the  sequence  of  our  thoughts  is  directed  by  the 
Will.  It  has  been  already  pointed-out,  that  the  Attention  may  be  involuntarily 
fixed  upon  certain  subjects  of  consciousness,  through  the  attraction  they  exert 
upon  the  individual  mind,  in  virtue  either  of  its  original  constitution  or  of  its 
acquired  habitudes;  and  that  this  attraction  determines  much  of  the  automatic 
action  of  our  faculties  (§  047).  When  most  strongly  exerted,  it  causes  the  eon- 
Bcioasness  to  be  so  completely  engrossed  by  one  train  of  ideas,  that  the  mind  is, 
for  the  time,  incapable  of  any  other  ideational  change :  sensory  impressions,  if 
felt,  not  being  perceived;  and,  where  the  consciousness  is  most  completely  oon- 
centratcd  apon  the  internal  operations,  tbc  individual  being  as  insensible  to  exter- 
nal impressions  as  if  he  were  in  a  profound  sleep.  But  these  automatic  tenden- 
cies of  the  mind  maybe  to  a  certain  extent  antagonized  by  the  Will,  which  keeps 
thorn  in  check  (just  a.'*  it  restrains  many  of  the  automatic  impulses  to  bodily 
movement)  by  the  special  power  which  it  exerts  over  the  Attention.  This  it  can 
detach  from  subjects  which  have  at  the  time  the  greatest  atlraetivcness  for  it,  and 
can  forcibly  direct  it  to  others  from  which  their  attraction  would  otherwise  dirert 
it.  And  in  its  most  complete  and  powerful  exercise  (which  is  not  within  the 
capacity  of  every  one),  it  can  so  completely  limit  the  mind  to  one  train  of  thought, 
that  the  state  of  Abstraction  induced  by  the  Will  may  bo  as  oomplete  as  that 
■which  in  some  individuals  is  of  spontaucoiii  occurrence  (§071). 

669.  In  proportion  as  we  are  able  thus  to  concentrate  our  attention  on  the  sub- 
ject proper  to  the  time,  and  to  exclude  all  distracting  considerations  whilst  pursu- 
ing the  trains  of  thought  which  the  contomplution  of  it  suggests,  will  be  our  power 
of  advantageously  employing  our  Intellectual  Faculties  in  the  acquirement  of 
knowledge  and  in  the  pursuit  of  truth  ;  and  all  men  who  have  been  distinguished 
by  their  intellectual  achievements,  have  possessed  this  faculty  in  a  considerable 
degree.  It  is  one  which  is  •*  eminently  capiihle  of  cultivation  by  steady  intention 
of  mind  and  habitual  exercise ;"  and  the  more  frcifjueutly  it  is  put  in  practice,  the 
easier  the  exercise  becomes.  In  fact,  when  a  man  has  once  brought  bis  Intellec- 
tnal  faculties  under  the  mastery  of  bis  Will,  to  such  an  extent  as  to  induce  the 
state  of  Abstraction  whenever  he  pleases,  this  st^ate  becomes  (as  it  were)  'second- 
arily automatic ;'  and  the  fixed  direction  of  the  thought?,  which  at  first  required 
a  eonitant  volitional  effort  for  its  maintenance,  comes  to  be  continued  without  any 
consciousness  of  exertion,  so  long  as  the  Will  may  permit. — We  have  iu  our  own 
consciousness  of  effort,  and  in  our  exf>crieuce  of  sulmequcnt  fatigue,  a  very  strong 
indication  that  the  power  which  thus  controls  and  directa  the  current  of  thought, 
is  of  the  same  /citut  with  that  which  call^i-fnrth  Volifional  movements  of  the  body, 
tboogh  exerted  in  a  different  mode.  And  ju.it  as  the  stprngest  exertion  of  'Will 
is  required  to  produce  or  sustain  Muscular  con  traction,  when  the  sense  of  muscu- 
lar fatigue  is  already  strongly  experienced,  or  when  we  are  antagonizing  a  power- 
ful automatic  impulse,  so  in  the  determiuation  of  Mental  effort  in  a  particular 
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direction,  we  find  oureelvcB  Qecessitjited  to  make  the  createst  Volitioiul  einrt||| 
when  we  are  already  labouring  under  the  sense  of  Cerebral  fatigue,  or  when  {\ 
sttcntioD  is  powerfully  solicited  by  some  other  attractive  object.     And  it  u  i 
any  Buch    contest  with  our  natural  tendencies,  that  we  experience  the  grett 
degree  of  esbaustion  ;  the  merely  automutic  action  of  the  Mind,  which  is  attend 
with  no  efibrt,  being  followed  by  comparatively  little  fatigue.' 

670.  But  this  determining  power  of  Volition  is  employed,  in  bowcTer  dipbtij 
dej^ree,  whenever  the  succession  of  thought  13  not  per/fcf/y  gponfaneovs;*  wbefl*j 
ever,  in  fact,  we  ici^h  our  consciousness  to  take  a  particular  directioD,  even  ion 
the  apprehension  of  Ideas  most  familiar  to  our  minds.     And  it  Lb  especially  im 
quisite  for  the  eierciae  of  the  Juchjment,  since  the  comparison  of  ideas  whicfc] 
this  involves,  can  only  take  place  when  the  Will  has  the  power  of  selecting  ibn 
which  are  appropriate,  and  of  bringing  them  into  collocation  with  each  othefJ 
The  continuiil  action  of  the  judgment  through  this  medium,  is  in  fact  the  soun 
of  that  common-sense,  whereon  we  rely  in   the  ordinary  conduct  of  life.    Wii 
almost  uncunscioussly  store-op  a  tnass  of  impressions  derived  from  our  habit 
experience,  by  which  we  are  continually  testing  the  validity  of  new  impressioatl 
admitting  them  if  consonant  with  it,  rejecting  iheni  if  vehemently  discordi 
and  keepintj  them  on  trial  if  we  cannot  dispose  of  them  in  one  or  other  of  the 
modes.     The  simple  credulity  of  the  child,  on  the  other  hand,  depends  upon 
having  no  such  slock  of  experience  on  which  to  fall  back,  for  the  correction 
any  erroneous  notions  which  he  may  himself  form,  or  which  may  be  imparted ' 
him  by  others.     The  effort  required  for  thJ9  comparison  of  things  present 
past  experience,  when  once  it  comes  to  be  habitual,  is  so  slight  as  to  be  scat 
perceptible  even  to  one's  self;  yet  slight  as  the  effort  may  be,  it  is  the  one  ihii 
needful ;  and  it  may  be  unhesitatingly  kid-down,  that,  if  the  directing  ptowen  ' 

'  The  Antbor  is  satisfied  from  his  own  experience,  that  a  most  valaable  indication  mar  bt 
hence  drawn,  in  regiird  to  the  regulation  of  the  habits  of  iDteltectual  labour.  To  iodiri^^H 
uaU  of  ordinary  mental  activity,  who  bare  been  trained  in  the  hnbit  of  methodical  aDdeojm 
nected  thioking,  a  verj  coD^idernblie  amount  of  tror^  is  quite  nntural;  und  when  such  p«jt** 
SODS  are  in  good  bodilj^  health,  and  the  subjoct  of  tbeir  labour  is  congenial  to  them, — espe- 
cittlly  if  it  be  one  that  has  been  chosen  by  tliemselve?,  as  furnishing  a  centre  of  attraction 
around  wbkh  thoir  tbonghts  spontaneously  tend  to  range  themselves, — their  int«l]ectiul 
operations  require  but  little  of  the  controlling  or  directing  power  of  the  Will,  and  maT  be 
continued  for  long  periods  together  without  fatigue.  But  from  the  moment  when  an  indis- 
position is  experienced  to  keep  the  attention  fixed  upon  the  subject,  and  the  thoughts  v»o- 
der  from  it  unless  coerced  by  the  Will,  theiiieutal  activ'itj  loses  its  spontaneous  or  autom*- 
xio  efaaraeter;  and  more  exertion  is  required  to  maintain  it  Tolitionallj  daring  a  brief 
period,  and  more  fatigue  is  subsequently  experienced  from  such  an  effort,  than  would  bt 
involved  to  the  continuance  of  an  automatic  operation  through  a  period  many  times  u 
long.  Hence  be  has  found  it  practically  the  greatest  economy  of  mental  labour,  to  work 
Tkgorously  when  ho  feels  disposed  to  do  so,  and  to  refrain  from  exertion,  so  far  as  possible, 
tchm  It  it/cli  to  be  an  tj-eriion. — Of  course  this  rule  ii  not  applicable  to  oil  iudividuaU,  for 
there  are  some  who  would  pass  their  whole  time  in  listless  inactivity  if  not  actually  tpurrvd- 
(m  by  the  feeling  of  necessity;  but  it  holds  good  for  those  who  are  suffieieutly  attracted 
by  objeeta  of  interest  before  them,  or  who  have  in  their  worldly  circumstauee*  a  tal 
ciently  strong  motiye  to  exertion,  to  make  tbem  feel  that  they  rnuxt  work ;  the  qur» 
with  them  being,  how  they  can  attain  their  desired  results  with  the  least  expenditure 
mental  effort. 

*  It  is  hoped  that  the  reader  will  have  bean  made  sufficiently  awar«  by  the  precedr 
explanation.*,  that  by  the  terms  '  spontaneous  '  or  '  automatic  '  succession  of  thought,  it 
intended  to  designate  that  sequence  of  states  of  consciousness,  in  which  every  one  is  ' 
imtnediatc  resultant  of  that  which  preceded  it,  whether  that  wore  ideational  or  sensati 
Thus  the  current  of  thought  is  alike  'spontaneous,'  when  it  flows  onwards  in  one 
tinuouM  channel  (being  directed  by  a  single  dominant  idea  which  absorbs  the  whole  stti 
tion),  and  when  the  mind  is  freely  aceossible  to  external  impressions  and  may  be  enti 
guided  by  them.     The  phenomena  of  Hevene,  Abstraction,  and  Somnnmbulism  (a«  will 
presently  seen)  afford  illustralionsof  both  these  states;  which,  though  apparently  op 
in  their  nature,  are  really  charaoterized  by  the  same  essential  feature,  —  na'mdv, 
absence  of  the  directing  power  of  the  Will,  —  and  differ  only  as  to  tiie  »ubj<relit>t'ot  tht 
fhjfcHve  characters  of  the  auggesttous  which  determine  the  succession  of  thought. 
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the  Will  be  suspended,  the  capability  of  correcting  ev^n  the  most  illusory  ideas 
lij  an  appeal  to  '  commoo-seDKe '  ia  for  the  time  aBnibilati^d.  Of  this  we  biive  a 
typical  exHiuple  ia  the  state  of  Dreaming  (§  Gftl).  —  Hence  we  see,  that  if  the 
llunian  Miud  should  lose  for  a  time  the  power  of  votitional  self-direction,  it  can- 
not sbake-uiF  the  }'uke  of  any  'doDjioaot  idea'  however  tyrannical,  but  vivft 
execute  its  behests; — it  cannot  bring  any  notion  with  which  it  niny  be  possessed, 
to  the  test  of  '  commoD-senBc,'  but  mvst  accept  it  iis  a  belief,  if  it  be  impressed 
OD  the  consciougnt'ss  with  adequate  force;  —  it  cannot  rfcnll  any  fact,  even  the 
most  fun] ilia r,  that  is  beyond  its  immediate  grasp;  —  u[)on  any  idea,  therefore, 
vith  which  it  muji  be  posse&f^^ed,  the  whole  force  uf  iis  atteniiun  is  for  the  time 
concentrated,  so  that  the  moat  incongruous  conception  presents  itsolf  with  all  the 
'vividness  of  reality; — and  finally,  if  the  automatic  activity  of  the  mind,  when 
freed  from  the  controlling  power  of  the  will,  should  depend  more  upon  frhrnal 
than  upon  interjial  suggeetiou,  and  hence  should  take  no  dctermiEale  direction  of 
its  own,  one  idea  may  be  readily  substituted  for  another  by  appropriate  means; 
and  the  whole  state  of  the  convictions,  the  feelings,  and  the  impulses  to  action, 
may  be  thus  altered  from  time  to  time,  without  the  least  perception  of  the  strange- 
ne&s  of  the  transition. 

671.  The  importance  of  this  directing  power  of  the  Will  may  be  best  appre- 
ciated, by  the  examination  of  those  curious  states  in  which  it  ts  entirely  sus- 
pended, whilst  the  Intellect  remains  in  full  activity,  and  the  Seosorium  is  freely 
open  to  external  impressions.  Such  conditions  (which  show  us  what  we  should 
be,  if  we  really  vere  —  what  some  writers  assure  us  that  we  actually  are  — mere 
thinking  automata,  puppets  moved  in  any  direction  by  the  pulling  of  suggesting- 
strings,  §  580  ttotc')  present  tliemselves  spmitun<nnititf  in  some  individuals,  and 
may  be  induced  in  others;  and  it  is  nut  a  little  remarkable  that  tliey  may  occur 
as  modifications  both  of  the  waking  and  of  the  sleeping  states.  Of  the  former 
we  have  an  example  iu  ordinary  ReErrie,  a  state  to  which  some  persons  arc  pecu- 
liarly prone;  the  characteristic  of  which  is,  that  whilst,  as  in  Dreaming,  the  suc- 
cession of  thought  is  entirely  automatic,  it  is  in  no  small  degree  influenced  by 
external  impressions,  especially  such  as  arise  from  the  various  phenomena  of 
Nature.  It  is  in  minds  in  which  the  emotional  and  iranginativc  elements  pre- 
dominate, that  we  usually  find  the  greatest  tendency  to  reverie;  and  the  sequence 
of  thought,  if  subsequently  analysed,  will  be  found  to  have  been  chiefly  deter- 
mined by  these  tenduuties.  Now  this  sequence  may  conduct  us  to  notions  alto- 
gether iocoQ^iiitent  with  our  most  familiar  experience ;  and  yet  we  accept  them  as 
realities,  notwithstanding  this  incongruity,  because  the  ideas  to  which  they  are 
opp'scd  are  not  present  to  our  minds  at  the  time,  and  the  dormant  state  of  our 
Will  prevents  tis  from  uiakjDg  the  slightest  effort  to  bring  them  before  the  con- 
sciousness. The  state  of  Ahsiraclion,  or  'absence  of  mind,'  is  csEcnilally  the 
same  with  that  of  reverie;  the  chief  difference  being,  that  in  true  Abstraction 
the  mind  is  at  work  ratiociuatively,  a  certain  train  of  thought  being  foUowed-out 
by  the  intellectual  operations  to  its  logical  eonclusiuii;  so  that  it  is  the  I'hiloso- 
pher  who  is  moit  prone  to  abstraction,  as  the  Poet  is  to  reverie.  Now  it  is  one 
of  the  most  curious  phenomena  of  this  state,  that  external  impressions,  if  re- 
ceived by  the  consciousness  at  all,  arc  very  oflen  wrotHj/^  perceived,  being  inter- 
preted in  accordance  with  the  ideas  which  happen  to  be  dominant  in  the  mind  at 
the  time,  instead  of  giving-rise  to  tho.se  new  ideas  which  ordinarily  connect  them- 
selves with  them,  in  virtue  of  the  iiidividual's  hubitual  experience.  The  records 
of  'absence  of  mind'  are  full  of  amusing  incidents  of  such  mis-interpretation. 
Nothing  BceniH  too  strange  for  the  individual  to  believe,  nothing  too  absurd  for 
him  to  do  under  the  influence  of  that  belief.  Thus  of  Dr.  Robert  flamillun,  a 
wcli-knnwn  Professor  at  Aberdeen,  who  was  the  author  of  many  productions  dis- 
tiiiguished  for  their  profound  and  accurate  science,  their  beautiful  arrangement, 
and  their  clear  expression,  we  are  informed  that,  "  In  public,  the  man  was  a 
shadow ;  pulled-off  his  hat  to  his  own  wife  in  the  streets,  and  apologized  for  not 
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having  the  pleasure  of  ker  acquaintance ;  irent  to  his  claBses  in  tbe  coHf^  cm 
the  dark  roomings  with  one  of  her  white  Btockings  on  tho  one  leg,  and  one  of  Vis 
own  black  ones  on  the  other;  often  spent  the  whole  time  of  tbe  meeliop  in  moving 
from  the  table  the  hats  of  the  fiudenls,  which  they  ae  constaDtly  returnd; 
sometiinos  invited  thoiu  to  call  on  him,  and  then  fined  them  for  coming  to  ini^lt 
him.  lie  would  run  against  a  cow  in  the  road,  turn  round,  beg  her  pardon, 
caU  her  '  Madam/  and  hope  she  was  not  hurt.  At  other  times  be  would  nrn 
against  posts,  and  chide  them  for  not  getting  out  of  bi.s  way.'' ' 

672.  A  BtBte  uioy  be  artificially  induced  in  many  individuals,  bj  a  coatiirofd 

filed  gaze  at  an  object  at  a  moderate  dietancc,  which  corresponds  with  that  of 

Reverie  and  Abptraction  in  regard  to  the  complete  suspension  of  the  directing 

power  of  the  Will  over  the  current  of  thought,  but  which  differs  from  these  in 

the  rcsdiiiess  with  which  the  mind  may  be  poeseraed  with  ideas  suggested  to  it 

through  the  medium  of  language.     This  state  baa  been  commoDly  known  hj  tb« 

name  Eicrtro-BinlMjiralj  from  the  mode  in  which  its  induction  was  oripintlly 

practised ;'  but  it  is  now  more  frequently  designated  by  tbe  rery  inapprnpriste 

term  Bwlr/gkal.     The  subject  of  it  may  be  truly  characterized  as  a  thakuj 

oxitomftlon,  the  whole  course  of  whose  ideos  may  be  determined   by  suggestiooi 

operatiug  from  without;  and  bis  mind,  having  in  itself  no  power  of  altering  ih« 

course  of  these  in  even  the  elijihtest  degree,  is  cut-off  from  all  recourse  to  pre- 

viotia  experience  for  the  exnminiition  of  their  corrcctnees  or  tbe  dcterminatioa 

of  their  fallacy.     The  senBos  of  the  biologized  subject  are  freely  accefcible  lo 

exterBiil  impressions;  bat,  as  in  the  ca^e  of  the  'absent'  man,  his  perception  of 

these  is  governed  by  the  ideas  which  may  be  dominant  in  his  mind  at  the  time; 

and  he  may  be  conser|uciitly  led  to  any  kind  nf  absurd  misinterpretation  of  thfD. 

Yet  his  state  of  mind  is  not  so  far  removed  from  his  ordinary  condition,  as  to  pr^ 

vent  his  usual  habits  of  thought  and  feeling  from  displaying  tbeniselres;  aad  h< 

has  in  mcv8t  cases  a  perfect  recollection  of  what  has  taken  place^  "wbcn  be  rptuma 

to  his  usual  condition  of  mental  activity,  though  s<>mctimes  the  recollection  6oet 

not  esfeotl  to  particulars.     All  the  phenomena  of  the  'biologized'  state,  u ben 

attentively  esamiocd,  will  be  found  to  consist  in  the  occupation  of  the  mind  bj 

tbe  itfais  whifb  have  been  suggested  to  it,  and  in  the  influence  which  these  ideas 

exert  ujion  the  j^^tions  of  the  body.     Thus  the  operator  asserts  that  the  '  subject' 

.cannot  rise  from  his  chair,  or  open  his  eyes,  or  continue  to  bold  a  stick  ;  and  ib« 

*  Bubjeot'  thereby  becomes  so  completely  possessed  with  the  fixed  belief  of  tlM 

'impossibility  of  the  act,  that  he  is  incapacitated  from  executing  it,  m/t  becaoM 

his  will  is  controlled  by  that  of  another,  but  beciiuse  his  will  is  in  abeyance,  aod 

bis  muscles  are  entirely  uudcr  the  guidance  uf  tLe  conviction  which  for  the  ticje 

'  6ce  "New  Monthly  Magazine,"  toI.  jxviii,  p.  510. — The  Author  has  ht-Ard  frvm  ti 
i«ld  pupil  of  Dr.  Hamilton  ani  anccdoie  so  !<iiig;ii1iirlj  illustrative  of  thi»  pecnlittr  cobilitioo, 
that  he  cannot  r«frnin  from  here  introcfucing  it.  Th?  ProfeHSor.  walking  one  daj  ^locg 
the  High  Street  with  the  front  of  his  breeches  oppn  (no  very  nnnsual  occurm>ee  *iib 
him),  chHnced  to  encounter  a  woman  io  a  white  upron;  and  apparently  mistakiojc  tkb 
apron  for  his  ovo  shirt,  be  laid  bold  of  it,  and  began  to  pusth  It  into  the  aituatioa  whick 
'  |)i0  shirt  should  occupy ! 

•  Tlie  "  Electro-Biologists,"  as  they  termed  thcmfpives,  at  first  mnintnined  th«t  •  ■mtm- 
derful  virtue  resided  in  the  little  disk  of  copper  with  n  zinc  centre,  to  which  they  directrf 
the  gnie  of  their  'ttibjWfs.^  It  i«  now  universally  ndniided.  however.  Ihnt  any  nlijeci  »hifh 
ferves  b»  a  jioint  d'appui  for  the  fixed  gaie,  is  erjuriUy  efficacioue. — Tbe  Author  hM  M 
hesitatioD  in  nvowing  hin  belief  in  the  rtaliitt  of  the  phenomena,  which  are  de»cribc<j 
occurring  in  this  state;  these  hnving;  been  presented  to  himself  and  to  other  acieo: 
inquirer!",  by  numerous  individuals,  on  whose  honesty  and  freedom  from  all  dispositioi 
deceive  themselves  or  others,  implicit  reliance  could  be  placed.  All  public  e&hibi 
the  perforDjera  in  which  nre  of  questionnble  choracter.  are  of  course  open  to  the  ot 
fallacy  of  intentional  deceit.  With  regard  to  Ihe  inlrrprttution  of  the^e  pheooi»«p«, 
tver,  he  entirely  dissents  from  the  «ttttcment.<^  commonly  made,  lo  tbe  effect  that  t^a  ViB 
of  the  'biolopizcd'  subject  is  entirely  under  rhe  control  of  that  of  the  operator;  •»«# 
regards  the  lotter  ns  having  no  other  influence  over  the  former,  than  tlirougb  lbs 
gMliofu  which  his  language  and  manner  convey. 
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pQB8^«e8  his  tnind.  So  again,  when  he  is  made  to  dritik  a  glass  of  water,  and  ia 
assured  that  it  is  cntfee,  or  wine,  or  milk,  that  assunince,  di'livercd  in  a  decided 
tone,  makes  n  stronger  imprfssion  oo  his  mind  tban  that  which  he  receives  through 
liis  ta.«te,  «nie]l,  or  sightj  ant]  not  being  able  to  judge  and  ootupare,  he  yields  him- 
self up  to  the  'dominant  idea.' '  Here,  again,  we  perceive  that  it  is  not  really 
the  ic(ff  of  the  opcnitor  which  controls  the  sfti  sat  tons  of  the  subject  j  but  the  mg- 
gettutn  of  the  opertitor  which  excites  a  eorrcaponding  uim,  the  falsity  of  which 
18  not  corrected,  simply  because  the  mind  of  the  Bubject,  being  completely 
engrossed  by  it,  cannot  apprehend  the  truth  less  forcibly  iuipre«sed  on  it 
through  hia  own  seaaea-^The  same  general  statement  applies  to  what  has 
been  designated  as  '  control  over  tho  memory.'  The  subject  is  assured  that 
he  cannot  renjember  the  moi^t  familiar  thing,  bis  own  name  for  example;  and  he 
J9  prevented  from  doing  so,  not  by  the  will  of  the  operator,  but  by  that  con- 
Tiction  of  the  impos.<ibi!ity  of  the  mental  act  which  engrosses  hia  own  mind^  and 
by  the  want  of  that  voluntary  control  over  the  direction  of  hia  thoughts,  which 
alone  can  enable  him  to  rt?can.  the  desiderated  impression.  And  the  abolition 
of  the  sense  of  personal  identity  (Mr.  A.  believing  hiraaelf  to  bo  Mrs.  B.,  or 
Mrs.  C.  believing  herself  to  be  Mr.  P.,  and  acting  in  conformity  with  that  belief) 
is  induced  in  the  same  mode;  the  assumnco  being  continually  repeated,  until  it 
has  taken  full  posse-'sion  of  the  mind  of  the  'subject,'  who  cannot  so  direct  hia 
thoughts  as  to  bring  hi^  familiar  experience  to  antagonize  and  dispel  the  illusive 
idea  thus  forced  upon  hira.  The  phenomena  presented  by  different  '  biologized 
subjects'  arc  by  no  raeuns  the  siime;  for  in  some  individunla  it  is  the  relation  of 
the  mind  to  bodily  action  which  is  most  remarkably  affected,  in  others  it  is  the 
relation  of  the  perceptive  consciousness  to  sensations,  and  in  others  (especially 
those  who  are  naturally  of  an  imaginative  and  excititble  dispijsition)  it  is  the 
coarse  of  thought  and  of  emotion  which  is  inoet  completely  under  external  guid- 
ance.  It  is  frequently  to  be  observed,  moreover,  that  some  capability  of  voli- 
tional effort  still  remains,  go  that  the  'subject*  endeavours  to  resist  the  comoiands 
of  the  operator;  but  this  may  usually  be  subdued  by  the  emphatic  reiteration  of 
the  assurance,  "You  mutt  do  this,"  or  "You  ninnot  do  thai,"  which,  when  it 
takes  complete  possession  of  the  mind  of  the  subject,  reduces  the  will  to  a  state 
of  entire  powerle.«snes3,' 

673.  It  is  obvious  that  if  the  account  here  given  of  the  condition  of  the  Slind, 
and  of  the  iBode  of  its  operation  on  the  Body,  in  the  states  of  natural  and  arti- 
ficial Reverie  and  Abstraction,  be  corrcctj  all  the  actions  performed  in  these 
states  must  be  regarded  as  essentially  automatic  in  their  nature  ;  the  course  of 
thought  being  entirely  dcternnned  by  the  play  of  Suggestions  upon  the  associa- 

'  It  18  very  curiooa  to  obaerre^  in  eoxne  inatancea,  the  perplexity  arising  from  the  con- 
trsriety  between  the  oppatiing  sensory  impreasbna.  The  minil  aoeina  unable  to  reconcile 
Ibis  coDtrariety,  and  yields  itself  up  to  the  impressioD  whicti  is  most  fltrongly  felt.  Some- 
time it  \a  oonrinred  by  the  repeated  &ssurftaces  of  the  operator,  so  toug  as  the  (a*(t  alone 
U  opposed  to  them,  hut  uttachea  a.  superior  importance  to  tho  indtcatioos  of  liijht ;  in 
other  individuals,  again,  the  indicntioas  of  sight  may  be  put  afiide,  and  yet  the  '  subject' 
cannot  be  made  to  believe  what  ia  in  opposition  to  his  sense  of  taste.  There  are  some 
individuals  who  can  never  be  thus  pUycJ-upon,  Qotwithstanding  that  their  muscular 
movements  and  their  purely  mental  conceptiotis  ore  completely  amenable  to  this  kind  of 
dir«ctioa. 

*  It  is  worthy  of  particular  notice  in  this  conneolion,  that  this  want,  not  really  of  power 
to  move,  but  of  belief  in  the  posaesBion  of  the  power,  is  a  frequent  charhoteristio  of  that 
at*t«  of  the  nervous  system  which  is  commonly  designated  as  'Hysterical;'  ami  that 
h«rc.  also,  the  most  efficacious  treatment  consists  in  the  encouragement  of  volitional  efforts 
on  the  part  of  the  patient  to  put  the  pAralysed  limbs  in  actiion,  and  in  the  repetition  of 
•ssaranoes  that  she  viU  recover  the  use  of  them,  If  she  only  take  the  appropriate  means. 
Tlie  expectation  of  recovery  excited  in  other  ways,  produces  tho  same  effect;  and  thus 
it  has  beea,  that  many  pseudo-miracles  have  been  wrought  on  this  class  of  patients  by 
Religiotts  enthusiasts,  and  that  many  wonderful  cures  have  been  effected  by  the  supposed 
inSuence  of  Me^meri^m.  All  that  '\»  wanted,  is  that  state  of  confident  antieipatim,  which 
is  oommoulj  designated  u  Faith.    (See  g  837.) 
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tions  previously  formed,  and  all  the  bodily  movements  being  the  direct  nunifo?- 
talions  of  the  ideas  which  possess  the  mind  at  the  time,  just  as  the  ordiniry 
movements  of  *  expression  '  are  of  ita  emotions.  And  it  is,  therefore,  in  these 
remarkable  phases  of  ps3-chical  existence,  that  we  have  the  clearest  manifeststinn 
of  the  power  which  Cerebral  changes  possess,  to  produce  luu.'icular  mov^mfot 
independently  either  of  Volition  or  of  Emotion;  an  action  which  may  be  distiu- 
jruished  as  iJeo-mofor,  since  it  only  takes-place  when  these  changes  are  of  akiuti 
to  awaken  the  ideational  consciousness ;  and  which  ia  a  true  '  reflex '  action  of 
the  Cerebrum. 

<>74.  Returning  now  from  the  consideration  of  these  Pathological  conditions 
of  Mind  (as  they  may  be  not  unfairly  designated)  to  the  ezamioation  of  the  Psj- 
chii-a]  constitution  of  Man  in  the  state  of  normal  activity  of  his  facultiess,  we  »ball 
find  that  very  important  dota  may  be  drawn  from  these  sources,  with  regird  to 
the  moffut  operandi  of  the  Will,  and  the  manner  in  which  our  conduct  is  deter 
mined.  For  we  have  seen  that,  in  so  fur  as  the  directing  Influence  of  the  Will 
over  the  current  of  thought  is  suspended,  the  individual  becomes  a  thinking  aoto- 
niatoo,  destitute  of  the  power  to  withdraw  his  attention  from  any  idea  or  feeling 
by  which  his  mind  may  be  possessed,  and  os  irresistibly  impelled,  therefore,  to 
act  iu  accordance  with  this,  as  the  lower  animak  are  to  act  in  obedience  to  th^ 
instincts.  In  so  far,  therefore,  as  this  dtreoting  influence  is  not  exercised,  th« 
Euccesaion  of  trains  of  thought  which  occupy  the  consciousness  (associated,  or  not, 
with  feelings  thiit  give  them  an  ptnotii'e  character)  mnst  be  considered  as  depen- 
dent on  the  '  reflex  action '  of  the  Cerebrum ;  the  nature  of  this  action  being 
determined,  not  merely  by  the  original  constitution  of  the  organ,  but  by  the  mode 
in  which  it  has  been  subsequently  exercised  ;  its  nutrition  taking  place  in  nicb 
conformity  to  the  impression.^  made  upon  it,  and  to  the  modes  in  which  it  il 
habitually  directed  by  the  Wilt,  that  h  (/rows-to  these,  so  that  a  new  organiatiot 
thus  comes  to  bo  established,  by  which  habits  nf  thfmijht  are  determined,  SQcb  II 
would  not  have  arisen  from  its  original  constitution.'  The  variety  of  pliaM 
which  these  different  states  present,  is  chiefly  dependent  upon  the  following  ete- 
ments; — (I)  the  relative  degree  in  which  the  Mind  is  in  a  stite  of  reccptiTity 
for  external  impressions,  or  is  attending  only  to  what  passes  within  itself;  (2j 
the  degree  in  which  the  coherence  of  the  successive  states  is  maintaineil  by  the 
continuance  and  right  operation  of  the  preformed  associations,  so  that  trains  of 
thought  are  consistently  ciirried-out,  and  reasoning  processes  cor rectiv  performed; 
and  (3)  the  degree  in  which  the  norma!  operation  of  the  inttllectuaj  facultiei  ii 
disturbed  by  emotional  excitement,  either  generul,  or  limited  to  one  oUaa  of 
feelings.  The  influence  of  the  frst  of  these  elements  is  remarkably  teen  n 
the  contrast  between  natunil  and  artificial  Ruverie  (§  671,  67*2);  also  betwees 
some  forms  of  natural  and  artificinl  ii^oumamLulism  (§  693-695);  and  not  letf 
between  different  forois  of  insanity,  since  in  this  last  condition  we  find  nm 
patients  constantly  brooding  over  p:i.rticular  trains  of  thought,  and  almost  ioA- 
pable  of  being  turned  from  the  contemplation  of  these  by  externa]  snggMtkn^ 
whilst  others  are  no  less  remarkable  for  the  instability  of  their  mental  states,  sod 
for  the  readiness  with  which  a  new  direction  may  be  given  to  the  thoughts  bj 
sensory  inipressions.  The  influence  of  the  tecond  element  is  strikingly  mani- 
fested in  the  difference  between  the  various  phases  of  the  stiite  of  Dreaming,  i 
in  the  contrast  between  the  incohereace  of  the  commoner  forms  of  this  (^  68 
and  that  consistency  in  the  trains  of  thought  which  generally  characlenxes 
state  of  Som  rmmbulism  ;  but  it  is  yet  more  remarkably  displayed  in  those  fo 
of  Delirium  and  Insanity  (§  706),  which  are  especially  characterized  bv  the 
plete  con/mirm  of  the  Intellectual  powers,  alt  previous  states  of  consciou 

'  See  Dr.  Laycock'fl  Essay  '  On  the  Reflex  Function  of  the  Brain,'  in  the  "  Brit,  aad 
Wed.  Review,*'  vol.  xix.  p.  2fl8.— Tlic  Author.would  beg  to  refor-back  to  the  ante 
porlioDB  of  tbiB  in<iuiry,  fin,!  eppeciallj  to  |{  S87,  688,  u  showing  to  what  esteat] 
regards  thp  orj/anuadon  of  the  Cerebrum  w  determiiiiag  its  mode  of  juychieal  «el 
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l>eiDg  (as  it  were)  junibled-togcther,  and  the  order  of  their  recurrence  and  the 
nature  of  the  new  couibinalioaa  which  may  arise  out  of  tfaem,  being  irreducible 
to  any  principle  of  orderly  sequence.  The  influence  of  the  third  element  is  well 
seen  in  those  forma  of  nrti6d:tl  Reverie  and  Soinnanibulisra,  in  which  the /<rftn[jt 
as  well  as  the  ideas  admit  of  beinjj  played-upon  by  external  inQuences;  for  it  is 
easy  to  bring  the  mind  of  the  'subject'  under  the  domination  of  any  particular 
emotion,  by  taking  the  appropriate  means  to  excite  it; '  and,  so  long  as  thia  may 
continue,  the  languafre  and  actions  most  obviously  display  ita  impress.  But  it  is 
in  Insanity  (Sect.  8),  that  we  best  Bee  the  influence  of  Emntional  states  upon  the 
course  of  thought  and  of  action ;  for  here  we  Sod  them  supplying  impulses  to 
bodily  action,  which  the  wealcencd  Will  cannot  resist,  although  the  intellect  dis- 
tinctly apprehends  the  evil  consequences  of  such  actions  j  or,  on  the  other  hand, 
we  find  them  directing  the  whole  course  of  mental  activity,  giving  a  wrong  colour 
to  all  the  ideas  which  are  related  to  them,  and  so  attracting  the  attention  U>  the 
trains  of  thought  founded  upon  these,  that  tbey  come  to  attain  a  complete  dgmi- 
DatioD  over  the  mind,  and  hence  over  the  conduct,  to  which  they  supply  motive* 
of  such  potency  that  the  Will  can  neither  resist  them,  nor  withdraw  the  mind 
from  attending  to  them. 

675.  Thus,  then,  we  see  that  in  all  those  states  in  which  the  directing  power  of  the 
Will  over  the  current  of  thoui/ht  is  suspended,  the  course  of  action  is  determined 
by  some  dominant  idea,  which  for  the  time  hiis  full  possessioD  of  the  raind^  and 
from  which  (he  individual  has  no  power  of  withdrawing  his  oonsciousoes.s  j  the 
motivit  ptiwtr  of  ibis  idea,  being  such  as  either  impels  to  action  by  a  feeling  of 
internal  necessity  (analogous  to  that  which  prompts  the  reflex  actions  of  the 
Cranio-Spinul  axis),  or  solicits  it  by  the  anticipation  of  pleasure  in  its  result  or 
of  pain  in  abstinence  from  it.  On  the  other  hand,  the  man  in  full  possession 
of  his  Volitional  faculty,  whilst  eijually  amenable  with  thnse  in  the  foregoing 
ctaies  to  the  influence  of  the  motive  power  of  ideas,  differs  from  them  all  in  this 
most  important  particular, — that  he  hius  the  power  of  refraining  from  action  under 
the  immediate  pressure  of  motives,  and  of  so  far  vtodi/yimj  their  rthidtfp  J'tirce 
by  the  mode  in  which  he  contemplates  them,  that  their  original  balance  may  bo 
.-ompleit-ly  altered,  and  hence  bis  ultimate  determination,  whilst  still  governed  by 
^e  prcduminante  of  motives,  may  be  entirely  different  from  that  on  which  he 
would  have  acted,  if  he  had  given  way  to  his  Brst  impulse.  For  just  as  we  may 
direct  our  Intellectual  operations  by  an  exercise  of  Volition,  so  as  to  fix  upon  cer- 
tain ideas  only,  out  of  the  many  which  present  themselves  to  our  consciousness, 
and  to  limit  our  attention  to  certain  peculiar  aspects  of  these  (§  (>40),  so  may  we 
fix  our  attention  upon  any  one  or  more  among  the  motives  which  tend  to  deter- 
mine our  action,  and  keep  these  (as  it  were)  in  a  strong  light  bi-fore  the  mind's 
eye,  whilst  by  withdrawing  our  attention  from  others,  we  virtually  throw  them 
into  the  back-ground,  as  we  can  do  with  regard  to  objects  of  Sensation  (§  50*2). 
And  further,  by  calling  the  Reasoning  powers  into  operation,  and  bringing  them 
to  bear  upon  the  question  at  issue,  so  as  to  follow-oul  each  of  the  modes  of  actinn 
that  are  before  the  mind  to  its  probable  consequences,  the  Will  indircetly  brings 
a  set  of  new  motives,  arising  out  of  these  consequences,  before  the  judgment; 
aod  these,  at  first  overlooked,  may  become  important  elements  in  the  decision. 
On  the  other  band,  it  may  be  that  in  tlms  reasoning- out  the  probable  eon.se- 
quences  of  an  action,  motives  which  at  first  presented  tiieiuselves  in  great  strength, 
loee  more  or  less  of  their  force,  and  even  become  altogether  futile. — It  is  in  these 
modes  that  '  second  thoughts '  generally  prove  to  be  the  be«t,  save  where  selfish 
ooDsidcntions  are  brought  to  take  the  place  of  primary  generous  impulses ;  whilst 

•  Thna  In  the  'biologized'  sUte  (f  C72),  it  is  often  sufticieDt  to  aslc  the  'subject*' 
••Why  are  jou  ho  angry,"  "  Why  are  you  so  sad,"  &e., — to  induce  these  conditiotiB  retpeo- 
titely.  the  sangegtiotig  being  here  conveyed  verbally;  whiUi  in  the  '  hypnotic  '  state  here- 
after to  be  descrittfd,  there  is  a  very  curioua  subceptibility  to  the  iDfluence  of  tdqbcuIiu 
•Mociations  od  emotinnnl  stntea  {\  69-1). 
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a  hnsty  deterniination  often  lends  to  wrong  action,  because  all  the  motlTa 
should  be  taken  into  nceount  have  not  been  duly  weighed.' 

676.  Now  if  we  examine  into  the  different  kinds  of  JIfofxM  Ihwern,  wliifl 
ander  the  permission  or  the  intentional  direction  of  the  WiH,  are  the  mutwsi 
Human  action,  we  shall  find  that  thej  maybe  ranged  under  the  following  heid 
— (1)  l*rcvioutly-acq\nrtd  IJaltits,  which  automatically  incite  us  to  do  as  we  bal 
been  before  sccustoiued  to  do  under  the  like  circumstances,  without  the  ide&i 
prospective  pleasure  or  pain,  or  of  right  or  wrong,  beinor  at  all   present  fo  i 
minds.     The  furmalion  of  Habita,  both  of  thoupht  and  action,  seems  referjblel 
the  psychical  principle  of  Conlif^^uous  AsjMX'iation  (§  632)  aud  to  the  phyjiolocij 
principle  of  Nutritive  Assimilation  (§  346),  which,  in  regard  to  the  operations 
the  Cerebrum,  seem   to  be   only  different  expressions  of  the  same  fact;  name! 
that  whatever  mode  of  octivity  has  been  once  strongly  impressed  on  the 
this  has  a  tendency  to  pcrpctuute  itself.     In  so  far  as  the  Will  yields  to  this ' 
dency,  instead  of  cnntrolUng  it,  the  individual  becomes  the  slave  oT  roufint;  \ 
this  condition  is  often  very  remarkably  presented  by  persons  who  are  deficient! 
Volitional  power  (as  it  is  also  among  the  lower  nnimals),  from  whose  actions' 
may  derive  our  host  illustrations  of  what  Habit  will  do,  when  it  is  not  under 
direction  of  any  higher  principle.*     The  tendency  to  habitual  action  b  so  tinii 

'  It  bus  been  held  by  some,  that  when  a  man  is  struggling  with  ■  temptation,  tod  \ 
motivea  to  good  and  the  modves  to  evil  are  oearlj  in  equilibrium,  like  weigbu  tn  the 
»ca1e8  of  the  balance,  the  Will  acts  ns  an  iiulepcndent  preponderating  power,  like  s  hi 
pu8hiug-dovn  the  »C!iW-beiim  on  one  aide.  It  appears  to  the  Author,  howerer,  to  be  naeh 
more  conformable  to  the  results  of  h  onreful  esnminAtion  of  our  own  conduct,  to  tvfiH 
the  Will  n.4  impnrtiDg  an  augmented  p^vity  (*n  it  were)  to  the  Wfigbta  on  one  side,  by 
directinj;  attention  to  their  value,  and  hy  indirectly  nuiking  additinu«  to  tiiem,  in  the 
mnnner  stntcd  above ;  whilst  it  dituimiihes  the  force  of  those  on  the  other  aide,  by  |!t^ 
venting  the  mind  frotn  (riving  ita  attention  lo  tbem,  and  also  (it  may  be)  hj  Tirtvallj  ab>- 
Btracting  sonie  of  thi?m  from  the  scale. 

*  It  is  not  uncommon  to  meet  with  Idiots,  in  whom  the  tendency  to  th«  avtomatie  raeor- 
rence  of  moles  of  action  once  impressed  on  the  conBoiousness,  is  eitremelj  remarkaUc 
The  following  ia  etated  by  Slisa  Mnrtintiiiu,  in  regard  to  a  youth  under  her  own  obaarrv 
tion,  who,  in  consequence  of  early  injury  to  the  brain,  never  acquired  the  power  of  tpmh, 
or  of  understanding  ibe  language  of  others,  or  of  in  any  way  recognizing  other  ntods;  bat 
was  nt  tbe  samo  time  strongly  affected  by  txrnsory  icnpreseions.  "  Ho  could  endttr«  ootluBg 
out  of  its  position  in  space  or  its  order  in  time.  1/  any  new  thing  teat  dont  f«  Um  mt  mf 
minule  of  iht  duif,  the  tame  thing  mutt  be  done  at  the  tame  minute  every  day  tKoittfonavti.* 
Thus,  although  he  disliked  personal  interference,  his  hair  and  naila  having  b«en  one  day 
cut  nt  ten  minutes  past  eleven,  the  nest  duy,  and  every  day  after,  at  ten  minutes  pait 
eleven,  he  "its  if  by  a  fate,"  brought  coiub.  scii>»ors  and  towel;  and  it  was  necessary  to 
cut  a  snip  of  fanir  before  he  would  release  himself.  Yet  he  had  no  knowledge  whatever  «f 
the  meaHurem^nt  of  time  by  clockii  and  watches,  and  was  no  less  minutely  punctual  ia  bit 
observances  when  placed  beyond  the  reach  of  these  aids.  So  in  regard  to  form,  nvmbtf, 
and  ciunntity,  his  actions  were  equally  methudicnl.  He  occupied  himself  much  ia  nakini 
pupcr-cuttings,  which  were  remarkable  for  their  symmetry.  If,  when  he  was  out  of  ihi 
room,  a  brick  were  taken  from  the  heap  with  whtrh  he  amii^ed  hinif>elf,  he  would  paaa  hli 
band  over  them,  spread  them  a  little,  and  then  lamct>t  and  wander  about  till  the  luiaBiif 
one  was  restored.  If  seven  comfits  had  once  been  put  into  his  hand,  hp  would  oot  nri 
with  six;  and  if  nine  were  given,  he  would  not  touch  any  until  be  h&d  returned  tTO. 
('*  Letters  on  the  Laws  of  Man's  Nature  and  Development,"  p.  71.  See  also  ••  Huoaebald 
Wordi*,"  vol.  ix.  p.  108.) — It  would  bo  easy  to  adduce  multitudes  of  analogous  Instaneei 
from  the  actions  of  animals,  especially  such  as  aro  purposely  Iraintd-lo  particular  hatnUi, 
by  taking  advantage  of  the  principle  of  *  contiguous  asaociation,'  which  seems  to  be  peea- 
liarly  strong  in  Dogs,  Horses,  &c.  And  the  recurrence  of  particolar  actions  at  particnUr 
intervals  of  tiime,  without  niiy  menna  cf  cuusciouHly  estimating  its  p&ssage,  or  any  incidenli 
thnt  cnn  suggest  the  return  of  the  period,  is  a  very  curious  indication  of  the  degree  in  whidi 
organic  chungos  in  the  Nervous  System,  once  determined  hy  a  certain  number  of  repetj- 
tiuns,  iLMid  to  perpiHuate  themselves.  Thus  a  dog  that  has  been  accustomed  to  reeein 
food  at  a  certain  hour  and  place  every  day,  will  come  in  search  of  it  with  extraordiniry 
punctuality;  luid  the  horse  of  n  commercial  travellerj  after  going  the  same  journey  a  ft» 
times,  will  stop  at  the  houses  of  all  lii<i  mn^ter's  customers;  and  when  he  has  l>een  poUcd- 
Op  at  A  new  point  on  ojie  journi'iy,  will  spontnnoously  stop  at  the  same  point  od  tha  DClt, 
—a  fact  of  which  the  Author  has  pcrsonul  kaowledge. 
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sally  recogTiized  aa  an  important  part  of  our  ppjcbical  nature,  that  ^^aD  hat*  been 
•aid  to  be  '  a  bundle  of  habits.'  Where  the  habits  have  been  judiciously  formed 
in  the  first  instance,  the  tendency  is  an  extremely  useful  one,  protnptiup^  ub  to  do 
that  gpontaoeously,  which  might  otherwise  recjuire  a  powerful  effort  of  the  Will;' 
but,  on  the  other  b.ind,  if  a  bad  ?et  of  habits  liave  grown-up  with  the  growth  of 
the  individual,  or  if  a  single  bad  tendency  be  allowed  to  becnuie  an  habitual  spring 
of  action,  a  far  slrunger  effort  of  Vtilitiotj  will  be  rerjuired  to  determine  the  con- 
duct in  opposition  to  them.  Tlii!^  in  e!«peciiilly  tbo  cane,  when  the  habitual  idea 
piSiL-sses  au  KmoUoual  chiiractcr,  and  becomes  the  source  of  desires;  for  the  more 
frequently  these  arc  yielded-to,  tiro  more  powerful  is  the  solicitation  they  exert 
—^2}.  Emotional  S(ah9^  which  iacite  us  to  particular  actions,  by  the  expectation 
of  grutitioatioa  either  in  the  act  itself  or  in  some  con8ef(ucnce  which  our  reason 
leada  us  to  anticipate  from  it,  or  by  the  expectatioti  of  pain  if  the  act  be  not  per- 
formed- All  those  Jexires  and  ai^rsiont  which  have  bo  large  a  share  in  deter- 
niiuing  our  conduct,  come  under  this  category;  and  to  it  must  likewise  be  referred 
all  thuse  cousiderntioDs  which  are  simply  prudential,  these  usually  having  refer- 
ence to  the  remolrr  effects  which  our  actiorna  are  likely  to  have  upon  our  own  wel- 
fare or  upou  that  of  others,  and  thus  bringing  bofore  the  mind,  as  elementa  in  its 
determination,  certain  additioual  objects  of  desire  or  aversion. — (3).  Notion*  of 
Riijht  and  of  Duttf,  which,  BO  far  as  they  attach  themselves  to  our  actions,  give 
them  a  nwral  and  rditjiou*  character.  These  mriy  act  eimply  as  ideas,  whose 
coercive  power  depends  upon  the  intensity  with  which  they  are  brought  before 
the  mind)  but  they  obtain  a  much  stronger  influence,  when  tliey  acquire  aa  Emo- 
Uonal  character  from  the  aasocialion  of  the  Peeling  of  desire  with  the  idea  of  obli- 
(Ration  ;  that  is,  when  we  feel  a  irinh  to  do  that  which  we  are  conscious  we  ontjht 
to  do.  This  asi<ociation  is  one,  which  it  is  peculiarly  within  the  capability  of  the 
Will  to  cherish  and  strengthen.  And  still  more  powerful  is  the  operation  of  these 
combined  molivts,  when  a  constant  habit  of  acting  upoo  them  has  been  formed ; 
for  the  stronge.-«t  desires  are  then  immediately  repressed,  the  strongest  aversions 
oeaae  to  exert  an  iaHuence,  when  once  the  question  is  looked-at  in  \\a  Moral 
aspect,  and  a  clear  perception  has  been  attained  of  its  right  and  its  wrong  aide.* 

*  This  is  ospeQially  the  case  with  re^rd  to  habits  at  latellectual  exertion,  which  are  in 
thetDBcWes  peculiarly  free  fron]  any  emotionat  complication.  The  Author  can  spe&k  from 
loDg  Aiitl  vftried  experience,  of  the  imnienso  »avitig  of  exertion  vhich  arisea  from  the  for- 
matiuD  t>f  methodical  habiUi  of  meDtal  labour;  wtiich  cause  the  ortiiuary  routiue  to  be  per< 
formed  with  a  far  lesa  amount  of  fatigue,  than  wnolii  be  required  on  a  more  desultory 
Bjstem  ({  647).  Even  here,  boweTer,  care  should  be  taken  to  Aroid  allowing  one's-self  to 
be  so  much  the  bI&tg  of  habits,  that  all  mentftl  lubnur,  unve  that  which  is  undertaken  at  a 
pArticolar  time,  or  in  a  particular  plAce,  becomes  dlfTiciiU  and  wearisome. 

'  The  difference  between  the  habitual,  the  prudential,  and  the  moral  aspects  of  the  very 
Mroe  action,  mny  be  made  appflrent  by  a  Tcry  simple  illustratioD. — We  will  suppose  that  a 
man  has  been  accustomed  to  take  a  ride  every  day  at  a  particular  hour;  his  whole  titituro 
so  accommodates  itself  to  the  habil,  that  he  fcela  both  raentnlly  and  phyaicaliy  uncomfort- 
able at  any  interruption  to  the  u.«ual  rhythm.  But  suppose  that,  ju»t  aa  the  appointed 
boar  comes  round,  the  sky  bi^comus  overoii^t,  threatening  the  rider  with  a  drenching  if  hn 
perseveres  in  bis  intention;  hisdeeisiuu  will  then  he  fomuled  on  \iprudtntiat  consideration 
of  the  relatiTe  probabilities  of  bis  escaping  or  of  his  being  exposed  to  the  shower,  and  of 
bow  far  the  eryuyment  he  may  derive  from  his  ride  is  likely  to  be  replaced  by  the  diseom- 
tort  of  a  ihoroiigh  wetting.  But  suppot^e,  further,  that  instead  of  taking  a  mere  pleasure- 
ride,  a  Medical  man  is  about  to  ."let-fbrth  on  a  profe^sionol  visit  to  a  patient  whose  condi 
tioD  requires  his  aid  ;  a  new  motive  is  thuK  intrnduced,  which  olters  the  condition  of  th« 
whole  question,  making  it  no  longer  one  of  [iradence  only,  but  one  of  morality.  Another 
motive  which  should  give  the  qu«?»tioM  a  moral  n^pei-t,  wuuld  be  consideration  for  iiimself, 
and  the  risk  of  life  or  health  he  might  run ;  this  should  be  decisive,  where  the  motive 
which  impels  him  ti)  tho  act  in  qunxiion  is  meridy  thnt  of  self-gratification ^  but  if  it  bring 
into  antfigooiism  Li-i  duty  to  hii^  patient  and  his  desire  to  benefit  him,  and  on  the  other 
h&od  his  duty  to  himself  and  his  regard  fur  the  ulterior  welfare  of  those  who  may  be 
immediotcty  dependent  upon  him.  the  question  biks  its  right  and  its  wrong  aspect  on  both 
aides  ({  617],  and  the  right  may  only  be  <lelerniitied  after  a  careful  balnncc  of  probabili- 
ties,    iiuch  moral  couflicis  are  cuutiaually  oocurriug  amongst  Medical  Practitioners,  in 
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677.  From  the  time  when  the  Human  being  first  becomes  conseaoos  tbathe^ 
has  1  Volitional  power  within  bimpelf  oi  determining  the  mrcetswn  of  his  rocnt 
states,  from  that  time  does  he  bcpiu  to  be  responsible  for  it ;  and  in  pn>portion 
ho  exerts  that  power,  does  he  emancipate  himself  from  the  domination  of  hi4< 
Btitntional  or  automatic  tendencies,  and  make  himself  a  /rce  agrnt.  It  is  i  pr 
ciple  now  recognized  by  all  the  moet  enlightened  Educators,  that  the  dexclopin* 
of  tbis  power  of  self-control  ought  to  be  the  object  of  all  nurcery  discipline; 
the  process  of  its  acquirement  is  very  pradual.  When  an  infant  is  excited  to| 
fit  of  passion  by  eome  unpleasant  sensation,  its  narfe  attempts  to  restore  its  e<^|C 
nimity  by  presenting  some  new  object  to  its  attention,  so  that  the  more  recent 
vivid  pleasurable  impression  may  efface  the  sense  of  past  uneasiness.  A* ' 
infant  grows  into  childhtwd,  the  judicious  parent  no  lon/jer  trusts  to  mere  bpoii 
impressions  for  the  diversion  of  the  passionate  excitement,  but  callvup  in  ila  mil 
such  ideas  and  feelings  as  it  is  capable  of  appreciating,  and  endeavours  to  ke 
the  attention  fixed  upon  these,  until  the  violence  of  the  emotion  baa  subside 
and  recourse  is  had  to  the  same  process,  whenever  it  is  desired  to  check  any  te 
dency  to  action  whifh  depends  upon  the  selfifth  propensities, — appeal  being  ill 
made  to  the  highest  motives  which  tlie  child  is  capable  of  recognizing,  and 
ishraent  being  only  had  recourse-to,  for  the  purpose  of  supplying  an  additiooij  set 
of  motives  when  all  others  fail.  For  a  time,  this  process  of  external  sugg«$ttQD 
may  need  to  be  continually  repeated,  where  there  are  strong  impulses  vboM 
unworthy  character  calls  for  repression  ;  but  if  it  be  judiciously  adapted  and  CWJ* 
BistcDtly  persevered-iu,  a  very  slight  suggestion  scn-es  to  recall  the  superior  mo- 
tives to  the  conflict.  And  in  further  space,  the  child  comes  to  feel  that  he  bis 
fJtini«e//*the  power  of  recalling  them,  and  of  controlling  his  urgent  impulses  to  im- 
IDediate  action.  The  power  of  self-control,  thus  usually  acquired  in  the  firet 
^inatance  in  regard  to  those  impulseB  which  directly  determine  the  conduct,  grt- 
dually  exteods  itsdf  to  the  habitual  successiou  of  the  thoughts;  and  in  pr^portioo 
as  tbis  is  broun:ht  under  the  direction  of  the  Will,  does  the  individual  beeom 
capable  of  forming  his  own  character,  and  of  guiding  hia  actions  according  to  t&« 
indications  of  his  Mora!  Sense. 

678.  It  must  not  be  forgotten,  however,  that  the  power  of  self-control  maybe 
turned  to  a  bad  as  well  as  to  a  good  account;  nud  that  the  value  of  it^i  results  will 
t'ntircly  depend  upon  the  dlrrcilnri  in  which  it  is  employed.  The  thooghla  may 
be  so  dcterminatety  drawn-away  from  the  hi;:ker  class  of  motives,  the  soggestiou 
of  conscience  so  habitually  disreparded,  and  the  whole  attention  so  completely 
fixed  upon  the  gratification  of  selfish  or  niaicvoletit  propenaitiej?,  that  the  Hanun 
nature  acquires  far  more  of  the  Sutanic  than  of  the  Divine  character;  the  high- 
est development  of  this  type  (if  the  term  may  be  permitted)  beinoj  displayed  1>T 
those,  who  use  their  power  of  aelf-eontrol  for  the  purposes  of  hypocrisy  and  <iiv 
Binmlation,  and  cover  the  most  malignant  designs  under  the  veil  of  friends 
Such  men  (whose  portraiture  is  presented  by  our  great  Dramatist  in  the  char 
of  lago)  show  us  to  what  evil  account  the  highest  Intellect  and  the  most  pyi 
ful  WiU  may  be  turned,  when  directed  by  the  baser  class  of  motives;  and' 
cannot  but  fee!  that  they  are  far  more  degraded  in  the  moral  scale,  than  the 
who,  having  never  learned  to  control  their  animal  propensities,  and  being  uncoth 
8ci"us  of  the  very  exi.Htcuce  of  a  higher  nature  within  themselves,  simply  ok 
the  proniplinga  of  their  automatic  impulses,  and  are  rather  to  be  consiJeni 
ill-e*jiiditioned  automata,  than  as  vicious  men.— Of  this  latter  clasii,  some,  fio» 
ori^'inul  con.slitution  and  early  influences  of  the  most  degrading  kind,  seem  «!»' 
jgctbcr  dciititutc  of  anything  but  a  Imtdif  nature;  these  ought  to  be  treated  ftfil  ~ 
[•pousible  beings,  and,  as  such,  restrained  by  oiteninl  coercion  from  doing  inji 

[TCgivrt]  to  exposure  to  the  Beverity  of  (he  weather,  to  d-itigerous  infection,  or  to  ri«li 
other  kmds;  and  ihD  decision  wiill  in."iitily  depend  apon  thu  previously-formed  hibit,  oa< 
one  hnnd  of  disregnnting  all  con  si  derations  cutiuected  with  «elf,  on  the  other  of  alt 
e'^f  eoial  weight  to  ibem. 
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rfety.  But  this  clasa  ia  small  in  proportion  to  that  of  individaals  who  art 
vicionsly,  sintiplj  becaufie  they  have  never  bnen  led  to  know  that  any  other  course 
is  open  to  them,  or  to/trl  any  motives  that  might  give  them  a  difFerent  impulse. 
With  these,  the  object  should  rather  be  to  nwakcn  the  higher  parts  of  the  moral 
nature,  "to  find  out  the  holy  spot  in  every  child's  heart,"  and  to  develope  habits 
of  self-control  in  the  maimer  just  described,  than  to  subjugate  by  external 
restraint;  and  the  success  which  has  attended  this  method,  in  the  hands  of  those 
yrho  have  judiciously  applied  it,  is  sufficient  evidence  of  its  superiority;  many  of 
the  most  apparently-debased  natures  having  been  thus  elevated  to  a  grade,  which 
it  eeenied  at  first  impoa^'ibte  they  could  ever  attain, 

G79.  From  the  Satanil;,  or  positivelyaod  wilfully-evil  type  of  Hutnao  nature, 
in  which  the  highest  powers  are  turned  to  the  worst  account,  we  are  thus  con- 
ducted through  the  brtital  or  ncfrativcly-evil  type,  towards  the  hipher  aspect  of 
Humanity,  which  is  presented  by  those  who  Iinbituafly  keep  before  them  the 
Divine  ideal,  and  who  steadily  codeavour  tf>  bring  their  whole  nature  into  con 
formity  with  it.  This  is  not  to  be  efiected  by  dwelling  excltisiveli/  an  any  one 
set  of  the  motives  already  Tcft-rredto  (§  (ilS),  as  those  which  the  truly  religious 
man  keeps  before  his  mind.  Even  the  idea  of  Duty,  operatintj  ahnf,  tends  to 
redaoe  the  individual  to  tlic  subservience  of  a  slave,  rather  than  to  induce  in  him 
that  true  mastery  over  himself,  which  consists  in  such  a  repilation  of  bis  etno- 
tions  and  propensities,  that  bis  coursic  of  duty  becomes  the  spontaneous  expression 
of  bis  own  higher  nature  j  but  it  is  a  most  powerful  aid  in  tlie  acr|uirement  of  thtit 
regulation,  by  tbe  fixation  of  the  thoughts  and  affections  on  "tliinj^  on  high," 
which  is  the  be*ft  means  of  detaching:  them  from  dII  that  is  earthly  and  debasing. 
It  ia  by  the  assimilation,  rather  thiin  by  the  xul/Juyation,  of  the  Human  Will 
to  the  IMvine,  that  Man  is  really  lified  towards  God ;  and  in  proportion  as  this 
assiuiiiation  has  been  effected,  dnes  it  manifest  itself  in  the  life  and  conduct ;  so 
that  even  the  lowliest  actions  become  holy  ministrations  in  a  temple  consecrated 
by  the  felt  presence  of  the  Divinity.  Such  was  the  life  of  the  Suviour;  towards 
that  standard  it  is  for  the  Christian  disciple  to  aspire.^ 

7- — 0/  Sleep  mid  SomnatnbHligm, 

680.  It  is  a  peculiar  feature  in  the  physiology  of  the  Cerebral  and  Sensorial 
Ganglia,  that  tbeir  activity  undergoes  a  periodical  suspension,  more  or  less  com- 
plete;  the  necessity  for  this  su.>^pension  ariiiing  out  of  the  fact  that  the  exercise 
of  their  functions  is  in  itself  destructive  to  tbeir  substance,  so  that,  if  this  be 
not  replaced  by  nutritive  regeneration,  they  speedily  become  incapacitated  for 
further  nse.  In  ordinary  profound  Sleep,  there  is  a  state  of  complete  uncon- 
sciousness, 60  far  as  external  pbeiiorucna  are  concerned  ;  no  ordinary  impressions 
upon  the  organs  of  sense  being  either  felt  or  perceived  ;  although  an  extraordi- 
nary impression,  or  even  an  habituiil  one  upon  which  the  attention  has  been  pre- 
viously  fixed,  as  that  at  which  the  slutuberer  is  to  awake  himself  (§  687),  occa- 
sioDB  a,  renewal  of  sensorial  activity.  It  is  in  this  capability  of  being  aroused  by 
external  imprcsiiiona,  that  the  cbief  difference  liea  between  Sleep  and  the 
abnormal  condition  of  Coma,  wlicther  this  arise  from  tbe  influence  of  pressure 
or  effusion  within  the  cranium,  or  be  consequent  upon  the  poisoning  of  the 
blood  by  narcotic  substances,  or  follow  a  previous  slate  of  abnormal  activity  of 
the  brain,  such  as  Delirium  (§715).  Belwecn  these  two  condition.s  however, 
every  gradation  may  be  seen  ;  aa  in  the  gradually-increasicig  torpor  wbich  results 
from  slow  effusion  within    tbe    cranium,  the   gradual    loss  of  susceptibility  to 

'  The  careful  study  of  tfae  Epistles  of  St.  Paul  will  »how  this  to  be  the  dominant  idea 
of  this  ApoBttc'B  teoching«.  Under  the  name  nf  "  tlie  Lnw,"  he  continiinllj  refers  to  tbe 
spirit  of  bondage  or  external  coercion,  which  "was  the  nclinrlmaBter  t»  bring  ub  to 
Christ:"  whilst  under  tfae  dcsigHtion  of  **  the  Gospel"  be  ohTiously  desires  to  express  that 
epirit  of  internal  freedom  or  pelf-direction,  which  ia  the  source  of  kU  tbat  is  truly  nobI« 
ia  the  Christian  character. 
39 
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external  impressions  which  is  obsterrod  after  an  over-dose  of  a  narcotic,  lad 
iuti?t]»ific«tion  of  ordinary  eWp  vbicb  is  coDsoqueut  upon  extreme  previous 
fatigue.  It  is  a  matter  of  doubt,  boTcrer,  whether  the  Euspenfiion  of  Hnoorial 
consciousness  is  equally  complete  as  regards  internal  or  Cerebral  cbaQges-,  for 
Bonie  arc  of  opinion  that,  even  in  the  most  profound  sleep^  we  still  dream,  allhuagh 
we  may  not  remember  our  dreama  \  whilst  others  (and  arooDg  these  the  Author 
would  rank  himself)  consider  thait  dreanting  is  a  murk  of  imperfect  sle«p,  and 
that,  in  profound  ordinary  sleep,  the  Cerebrum,  in  common  with  the  Setunrj 
Ganglia,  is  in  a  state  of  complete  functional  inactivity.  When  Dreamiog  tikci 
place,  there  is  usually  a  less  complete  exclusion  of  fcn^ory  impressions,  altlKW|h 
the  poroeptive  consctnusnesa  may  be  entirely  suspended ;  bo  that  the  ocnine  of 
tho  dream  may  be  inOuanced  by  thcni,  allboo^h  the  mind  is  not  oonseioiu  of 
them  as  such  (§  602).  If  this  be  the  true  account  of  the  case,  we  may  consider 
that,  in  profound  S^leep,  the  functional  activity  of  the  Cerebrum  and  of  ibe 
Sensory  Ganglia  is  alike  6U.spended ;  but  that  in  Dreaming,  the  Cerebrum  is 
partially  active,  whilst  the  Scnsoriuiu  is  in  such  a  condition  of  receptivity  fijr 
Cerebral  (Bubjective)  impressions  that  the  mind  l>ecomes  directlj  conscioag  of 
them,  though  it  only  becomes  conscious  of  (objective)  impres&ions  made  upca 
the  Organs  of  Sense,  after  their  influence  has  been  transmitted  through  it  to  the 
Cerebrum,  and  has  been,  as  it  were,  rcflected-back  by  that  organ.  It  is  in  firt, 
by  their  influence  upon  the  current  of  Uca*,  and  not  by  their  power  of  cxdtior 
KHsuttfuiix,  that  we  recognize  their  operation  under  such  circumstances. 

681.  The  state  of  Sleep  is  one  to  which  there  is  beyond  doubt  a  periedUd 
tendency;  for,  when  the  waking  activity  has  continued  during  a  considerthle 
proportion  of  the  twenty-four  hours,  a  sense  of  fatigue  is  usually  cxperieDced, 
which  iitdicatt's  that  the  brain  requires  repose ;  and  it  is  only  under  aome  rtrj 
strong  physical  or  moral  Btimuhis,  that  the  mental  energy  can  be  rastaiiMd 
through  the  whole  cycle.  Id  factf  unless  Fome  decidedly  abnormal  condition  of 
the  Cerebrum  be  induced  by  the  protraction  of  its  functional  activity.  Sleep  will 
at  last  BUpervene,  from  the  absolute  iDabiiity  of  the  organ  to  sustain  any  farther 
demaudi<  upon  its  energy,  even  in  the  midst  of  opposing  infiuencea  of  the  moit 
powerful  nature.'  That  the  stronge.'st  Volitional  determination  to  remain  awake, 
is  forced  to  give-way  to  Sleep,  when  this  is  required  by  the  exhaustion  of  nenrou 
power,  must  be  within  the  experitnce  of  every  one  ;  and  the  only  way  in  which 
the  Will  can  even  retard  its  access,  is  by  detvrminately  fixing  the  conscioo^nai 
upon  j&ouic  definite  object,  and  resisting  every  tendency  in  the  thoughts  to  wander 
from  this.  It  does  not  appear  to  be  of  any  consequence,  whether  this  cxhao- 
tion  be  produced  by  the  active  exercise  of  volition,  reflection,  emotion,  or  simple 
Bensntion  ;  still  we  find  that  the  volitional  direction  of  the  thoughts,  in  a  ooans 
different  from  that  in  which  they  tend  spontaneously  to  flow,  is  productive  of  fiff 
more  exhaustion  than  the  automatic  activity'  of  the  mind  (§  647)  ;  whilst^  on  tb« 
other  hand,  the  excess  of  automatic  activity,  whether  as  regards  the  intellccttul 

■  Thns  it  is  on  record,  that,  during  the  heat  of  the  battle  of  the  Nile,  some  of  lit 
OTer-fiiti(;tied  bojs  fell  asleep  upon  the  dt>ck:  And  ihiring  the  recent  attack  upon  R«n)pM't. 
the  CHptiim  of  one  of  the  ■w»ir-ste»iner»  most  activeiy  enjrafred,  worn-out  by  the  exeesieif 
continued  DienlJil  tension,  fell  asleep,  and  remitiiied  perfet'tly  unconscious  for  two  boon, 
within  a  ynrd  of  one  of  his  largest  gruns,  whieh  wab  being  worked  energetienllj  dnHB|;tb* 
whole  perind. — So  even  the  severest  bodily  pain  yieldn  before  the  itnperatiTe  demand  oea- 
eioned  by  thc>  continued  exhaustion  of  the  powers  of  the  senaorial  centres ;  tbua  Daniew 
•lept  uprkD  ihe  rack,  durinf;  the  intervals  of  hia  cruel  sufTcrio^ ;  the  North  Amerkas 
Indtnn  itt  the  «iu.ke  of  torture  will  i;o  to  sleep  on  the  least  remiissioB  of  afronv.  and  wiO 
Blutnber  until  Ibe  fire  ie  applied  to  awaken  Kim;  and  the  Medical  Pr&ctitinner  ha»  fit- 
quent  illuhtrationa  of  the  (innie  facl.^ — Tlinl  the  continupd  demand  for  muacular  actirity 
is  not  incompntible  with  the  accepa  of  sleep,  is  obvious  from  what  haa  befo  klreadv  «i4 
of  the  pertfieteuce  of  the  automatic  movements  in  that  coodition  (|  514) ;  it  ia  wvlt  kocvfl 
that  previously  to  the  Bhortening  of  the  hours  of  work,  factory  children  ftr«qa«nt^  fcD 
•sleep  whilHt  attending  to  their  machines,  althoagh  well  aware  that  tbey  ahould  iaoB 
severe  puuishmcnl  by  doing  so. 
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is  or  emodonal  excitement,  t«nds  to  prevent  sleep.  This  is  pnrticularly 
the  case  when  the  feelings  are  atronp:Iy  intereated ;  thus  the  strong  desire  to 
work-out  a  result,  or  to  coiuplete  the  surTey  of  a  subject,  is  often  sufficient  to 
keep-up  the  intellectual  activity  an  lonp:  as  may  be  requiiiite,  (a  state  of  restless- 
tiess^  however,  being  often  induced,  which  prevents  the  access  of  sleep  for  some 
time  longer) ;  so,  again,  anxiety  or  distress  is  a  most  frequent  cause  of  wakeful- 
Bess  ;  and  it  is  gienerully  to  be  observed  that  the  state  of  iwpente  is  more  opposed 
to  the  access  of  sleep,  than  the  greatest  joy  or  the  direst  calamity  when  certainty 
has  been  attained.'  But  although  an  excess  of  automatic  activity  is  opposed,  so 
loug  a8  it  continues,  to  the  access  of  sleep,  yet  it  cannot  be  long  protracted  without 
occasioning  an  extreme  exhaustion  of  nervous  power,  which  necessitates  a  long 
period  of  tranquiliity  for  its  complete  restoration. 

682.  Whilst,  however,  the  necessity  for  Sleep  arises  out  of  the  state  of  the 
nervous  system  itself,  there  are  certuiu  external  conditions  which  favour  its 
access;  and  these,  in  common  parlance,  are  termed  its  prcdispofjing  causes. 
Among  the  most  powerful  of  these,  is  the  at»pnc<of  sensorial  impressions;  thus, 
darkneas  and  aiieuec  usually  promote  repose ;  and  the  cessation  of  the  sense  of 
mosoular  effort,  which  takcs-piace  wbeu  we  assume  a  position  that  is  sustained 
without  it,  is  no  less  conducive  to  slumber.  There  arc  cases,  however,  in  which 
the  continuance  of  an  accustomed  sound  is  necessary,  instead  of  positive  silence, 
tba  oesaation  of  the  sound  being  a  complete  preventive  of  sleep ;  thus  it  happens 
that  persons  living  in  the  neighbourhood  of  the  noisiest  milts  or  forges,  cannot 
readily  sleep  elsewhere.  Such  cases  are  referable,  either  to  the  influence  of 
habilj  which  causes  the  attention  of  the  iDdividuaJ  to  be  uiorc  attracted  by  the 
auspenaion  of  the  sound  than  by  its  continuance  ;  or  to  the  fact  that  the  t>iono> 
tonoui  r^iirtition  of  scnsortal  impressions  is  often  more  favourable  to  sleep  thnn 
their  complete  absence.  Thus  it  is  within  the  experience  of  every  one,  that  the 
droning  voice  of  a  heavy  reader  on  a  dull  subject,  is  often  a  most  effectual  hypno- 
tic ;  in  like  manner,  the  ripple  of  the  calm  ocean  on  the  shore,  the  sound  of  a 
distant  waterfall,  the  rustling  of  foliage,  the  hum  of  bees,  and  similar  impres* 
aioaa  upon  the  auditory  sense,  arc  usually  favourable  to  sleep;  and  the  muscular 
and  tactile  senses  may  bo  in  like  manner  affected  by  an  uniform  succession  of 
gentle  movements,  as  we  sec  in  the  mode  in  which  nurses  'hush-ofT'  infanta,  or 
in  the  practice  of  gently  rubbing  some  part  of  the  body,  which  has  been  success- 
fidly  employed  by  many  who  could  not  otherwise  compose  themselves  to  sleep. 
The  reading  of  a  dull  book  acts  in  the  same  i4bde  through  the  visual  sense;  for 
the  eyes  wander-on  from  line  to  line,  and  from  page  tu  page,  receiving  a  series 
of  sensorial  imprcsuious  wlitch  are  themselves  of  a  very  mnnot<:*iious  kind,  and 
which  only  tend  to  keep  the  attention  alive,  in  proportion  as  they  excite  inte- 
meeting  ideas. 

683.  Id  these  and  similar  cases,  the  influence  of  externnl  impressions  would 
seem  to  be  exerted  in  withdrawing  the  mind  from  the  distinct  cunsciousness  of 
ilfi  own  operations  (the  loss  of  which  is  the  transitiou-stat^  towards  that  of  com- 
plete unoonaciousness),  and  in  su:?[>eadingthe  directing  power  nf  the  Will.  And 
this  is  the  ca*e,  even  where  the  attention  is  in  the  first  instance  vahintari/jf 
directed  to  them  ;  as  in  some  of  the  plans  which  havo  been  recommended  fur  the 
induction  of  sleep,  when  there  exii^ts  no  spoutjincous  dispoHitiou  to  it.  In  other 
methods,  the  attention  is  fixed  upon  some  internal  train  of  thought,  which,  when 
once  set-going,  may  be  carried-ou  automatically;  such  as  counting  numbers,  or 
repealing  a  French,  Latin,  or  Greek  verb.  In  either  case,  when  the  sensorial 
consciousness  has  been  once  steadily  fixed,  the  monotomy  of  the  imprL'i.tiion 
(^whether  received  from  the  Organs  of  kSense,  or  from  the  Cerebrum)  tends  to 

'  Tbufl  it  is  a  common  obBerratioD,  that  criminals  under  senteuce  of  d^ath,  Bleep  hadlj, 
,  90  long  MS  ibej  eutertuia  nny  hopes  of  a  reprieve;  but  "when  once  thej  nre  Batiuficd  that 
tb«ir  death  is  ineTitable,  thej  usually  sleep  more  soQndljr,  and  this  even  on  tha  rery  last 
nigbt  of  their  lives. 
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retain  it  there ;  to  tlint  tbe  Will  abandone,  as  it  were,  all  control  over  the  ope- 
nttioDs  of  the  mind,  and  allows  it  to  yield  itself  up  to  tbe  soporific  infliUDtte, 
This  last  metbod  is  peculiarly  effectual^  when  tbe  restlessness  is  dependent  npoa 
pome  mcntiil  apitation,  provided  that  tbe  Will  has  power  to  withdraw  the  thovghta 
from  the  exciting  subject,  and  to  reduce  tbem  to  the  tranqiiilliiing  state  of  a 
mere  mechanical  repetition. 

G84.  Tbe  access  of  Sleep  is  sometimes  quite  sudden ;  the  indiTidaal  punog 
at  once  from  a  state  of  complete  mental  activity  to  one  of  entire  torpor.  More 
generully,  however,  it  is  gradual;  and  various  intermediate  phases  may  be 
detected,  some  of  which  bear  a  close  resemblance  to  the  state  of  Reverie,  mhott 
peculiar  niiture  has  been  already  described  (§  671).  The  same  may  Ite  raid  with 
regard  to  the  transition  from  the  state  of  Sleep  to  that  of  wakeful  activity;  and 
this  also  may  be  sudden  and  complete,  although  it  usually  consists  of  a  eDoee»> 
sion  of  stages,  —  the  complete  consciousness  of  tbe  individual's  relation  to  di* 
external  world,  and  tbe  power  of  directing  bis  thoughts  and  actions  to  anv 
ject  about  which  he  may  be  required  to  exert  himself,  being  the  last  to  return 
him.  There  may  be  a  rapid  alternation  of  these  different  states ;  the  Ion 
recovery  of  the  waking  consciousness  being  many  times  repeated  in  the 
of  a  few  minutes,  when  the  circumstances  are  such  as  to  prevent  the  acoMB  of 
profound  sleep  by  the  n'currence  of  sensory  impressions;  as  when  a  mao  M 
horseback,  wearied  from  want  of  rest,  Inpses  at  every  moment  into  a  dozing  stale, 
from  which  tbe  loss  of  the  balance  of  bis  body  as  frequently  and  sodd«alj 
arouses  liim ;  or  when  a  man  going  to  sleep  in  a  sitting  posture,  gradually  Ii 
the  support  of  the  muscles  which  keep  bis  head  erect,  his  head  droops  by  d 
and  at  last  falls  forwards  on  hie  chest,  and  the  slight  sbock  thence  ensuing 
tially  arouses  and  restores  his  voluntary  power,  which  again  raises  the 
Similar  fluctuntion»  occur  in  the  sensory  perceptions ;  and  these  maybe 
artificially  induced  by  very  simple  means.  *'  We  find,  for  example^  one 
dilion  of  sleep  so  light,  that  a  question  asked  restores  conecioiisncss  eDOugb  for 
momentary  understanding  and  reply;  and  it  is  an  old  trick  to  bring  sleepeni  ioto 
this  state,  by  putting  tbe  hand  into  cold  water,  or  producing  some  other  sen*- 
sation,  not  so  active  as  to  awaken,  but  sufficient  to  draw  the  mind  from  anon 
profound  to  a  lighter  slumber.  This  may  be  often  repeated,  sleep  still  going  on 
but  make  the  sound  louder  and  more  sudden,  and  complete  waking  at  oi 
ensues.  The  ennie  with  other  sensations.  Let  tbe  sleeper  be  gently  touch 
and  be  shows  sensibility,  if  at  all||i)y  some  sligbt  muscular  movement.  A  nii 
touch  excites  more  disturbance  and  motion,  and  probably  changes  tbe  carrent 
dreaming;  yet  sleep  will  go  on,  and  it  often  requires  a  rough  shaking,  part; 
larly  in  young  persons,  before  full  wakefulness  can  be  obtained."  *  *  *  "It 
certain  that  the  fuculties  of  sensibility  and  volition  are  often  unequally  awakened 
from  sleep.  The  case  may  be  stated,  familiar  to  many,  of  a  person  sleeping  in 
an  upright  posture,  with  the  head  falling  over  tbe  breMt;  in  whom  scQsibilitj  is 
suddenly  aroused  by  some  external  impression,  but  who  is  unable,  for  a  certain 
time,  to  raise  bisi  head,  though  tbe  sensation  produced  by  this  delay  of  volunlai^ 
action  h  singularly  distressing."  These  various  cases,  it  is  justly  remarked  by 
Sir  H.  Holland,'  depending  severally  on  the  intensity  of  sleep,  and  on  the  kind 
and  degree  of  the  external  exciting  causes,  will  be  found  to  explain  maoT  "f 
those  so-called  Mesmeric  phenomena,  which  are  offered  to  us  under  a  widely  dif- 
ferent interpretation.  And  it  may  be  here  remarked,  that  among  those  inter- 
mediate states  between  sleep  and  waking,  which  either  occxir  spontant*Pugtv,  v 
can  be  induced  in  numerous  individuals  by  very  simple  processes  (§§  072,  ' 
there  arc  several  which  exhibit  peculiarities  that  are  not  in  themselves  i. 
least  degree  less  remarkable,  than  are  those  which  are  regarded  with  so  mnoli 
wonder  by  the  uninformed  observer,  when  induced  by  the  asserted  Mesmeric  in- 
fluence, and  paraded  as  specimens  of  its  power.     (See  §  G9G,  no^c.) 

'  See  hia  excellent  Chapter  on  '  Sleep,'  from  which  the  above  extracts  are  taken, 
hifl  "Medical  Hoin  and  BeHectionB,"  and  hu  "ChKpt«n  on  Mental  Pbyaiologj." 
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685.  It  18  unquestionable  that  the  sapervention  of  Sleep  may  be  promoted  by 
the  strong  previous  expectation  of  it;  and  this  is  true,  not  merely  of  ordinary 
•leep,  but  of  the  states  of  artificial  Reverie  aod  Somnanibulisiii  formerly  described. 
Every  one  knows  the  influeoce  of  habit,  not  only  in  regard  to  'time/  but  also  u 
to  '  place  and  circumstance/  in  predisposing  to  Sleep,  Thua,  the  celebrated 
pedestinan  Capt.  Biirelay,  when  uccouiplishing  his  extraordinary  feat  of  walking 
1000  miles  in  as  many  successivo  hours,  obtained  at  hxst  euch  a  mastery  over 
himself,  that  he  fell  asleep  the  instant  he  lay  down.  And  the  sleep  of  soldiers, 
sailorB,  and  others,  who  are  prevented  by  'duty'  from  obtaining  regular  periods 
of  r«pose,  but  are  obliged  to  take  their  rest  at  short  interralsi  may  be  almost  said 
to  come  to  command;  nothing  more  being  necessary  to  induce  it,  than  the 
placiofi  the  body  in  an  easy  position,  and  the  closure  of  the  eyes.  It  is  related 
that  the  Abbfi  Farie,  who  acquired  notoriety  through  his  power  of  inducing  som- 
uambuUsra,  waa  accustomed  merely  to  place  big  patient  in  an  arm-chair,  and 
then,  after  telling  him  to  Bhut  his  eyes  and  collect  himself,  to  pronounce  id  a 
strong  voice  and  imperative  tone  the  word  "dormez,"  which  was  usually  succeas- 
fiil.  The  Author  has  had  frequent  opportunities  of  satisfying  himself,  that  the 
greater  success  which  att(?nds  the  'hypnotic'  mode  of  inducing  somnambulism 

I?§  695),  in  the  hands  of  Mr.  Braid,  its  discoverer,  than  in  that  of  others,  partly 
ilea  in  the  mental  condition  of  his  subjects,  who  come  to  him  for  the  most  part 
tiudtT  the  confident  expectation  of  its  production,  and  are  further  assured  by  a 
man  of  very  determined  will,  that  it  cmtnot  be  resisted.'  And  it  is  one  of  the 
most  curious  phenomena  of  the  '  biological '  state  (§  672),  that,  in  many  subjects 
at  least,  sleep  may  be  induced  in  a  minute  or  less,  by  the  positive  assurance, 
with  which  the  mind  of  the  individual  becomes  possessed,  that  it  will  and  must 
Bopcrvene. 

686.  The  iofiuence  of  previous  mental  states  is  yet  more  remarkable,  in  deter- 
mining the  effects  produced  upon  the  sleeper  by  different  sensory  impressions. 
The  general  rule  is,  that  habttrml  impressions  of  auy  kind  have  much  less  effect 
in  arousing  the  slumberer,  than  those  of  a  new  or  unaccustomed  chamcter.  An 
amusing  instance  of  this  kind  has  been  related  to  the  Author,  which,  even  if  not 
literally  true,  serves  extremely  well  as  an  illustrution  of  what  is  unquestionably 
the  ordinary  fact.  A  gentleman  who  had  taken  his  passage  ou  board  a  ship  of 
war,  was  aroused  on  the  first  morning  by  the  report  of  the  morning  gun,  which 
chanced  to  be  fired  just  above  his  berth;  the  &hoi'k  was  so  violent  as  to  cause  him 
to  jump  out  of  bed.  On  the  second  morning,  ho  was  again  awoke,  but  this  time 
be  merely  started  and  sat-up  iu  bed  ;  on  the  third  morning,  the  report  had  simply 
the  effect  of  causing  him  to  open  hta  cyt^a  for  a  moment,  aud  turn  lu  hh  bed : 
on  the  fourth  morning,  it  ceased  to  affect  him  at  all ;  and  his  stumbcrs  continued 
to  be  undisturbed  by  the  report,  so  long  as  ho  remained  on  board.  It  often 
happens  that  sleep  is  terminated  by  the  cessation  of  un  accustomed  sound, 
especially  if  this  be  one  whose  monotony  or  continuous  repetition  has  been  the 
original  inducement  to  repose.  Thus,  a  person  who  has  been  read  or  preached  to 
sleep,  will  awake,  if  his  slumber  be  not  very  profound,  on  the  cessation  of  the 
voice ;  and  a  naval  officer,  sleeping  beneath  the  mesisurud  tread  of  the  watch  on 
deck,  will  awake  if  that  tread  be  suspended.  — Id  this  l.xttcr  case,  the  influence 
of  the  simple  cessation  of  the  impression  will  be  augmented  by  the  circuiii«tance 
next  to  be  alludcd-to,  which  huA  received  too  little  attention  from  writers  on  thia 
Bubjfct,  but  which  is  of  peculiar  interest  both  in  a  physiological  and  psychologi- 
cal point  of  view,  and  is  practically  familiar  to  almost  every  one. 

6S7.  The  awakening  power  of  sensory  impressions  is  greatly  modiGcd  by  our 
hahilual  itate  of  mind  in  regard  to  them.     Thus,  if  we  are  accustomed  to  attend 

'  A  very  amusing  instance  in  which  Sleep,  having  been  previously  iaduced  by  the  ordi- 
.Aary  'maamoric'  and  then  by  the  *  hypnotic'  pracesstH,  waa  brought-on  by  the  simple 
'   ~    r  that  a  new  procesa  waa  being  put  in  practice,  will  be  found  in  the  **  Brit,  and  For 
B«T.,*'  voL  xix  p.  477. 
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to  ibese  irapressions,  and  our  perception  of  them  ia  thua  increated  io  BmtmeB, ' 
■we  are  mucb  more  easil}'  aroused  by  tbem,  than  we  are  by  othera  which  are  ill 
themaclves  much  etrongcr,  but  ivhicb  we  have  been  accuatomed  to  disRgard. 
Thus,  most  sleepers  are  aroused  by  the  eonnd  of  their  own  Dsoiea  vttered  ia  i 
low  tone,  when  it  requires  a  much  louder  Bonnd  of  a  different  dcscriptioQ  to  pr<v 
duce  any  ntanife^tatioQ  of  consciousness.  The  same  thing  is  eecn  in  coinatoea 
8tjU<'«;  a  patient  being  often  found  capable  of  being  momeDtarily  wiomed  by 
fiboutin^his  name  into  biB  ear,  when  no  other  sound  produces  the  lemst  effBoL— > 
The  following  circumstance,  cooiuiunicuted  to  the  Author  by  the  late  Sir  Edward 
Codrington,  is  a  most  apposite  ilhiFtralinn  of  this  principle.  When  a  jomig 
iZDan,  he  was  serving  ns  signal-licateuant  under  Lord  Hood,  at  the  time  when  the 
French  fleet  was  confined  in  Toulon  harbour  j  and  beinp  desirous  of  obtaioiag 
the  favourable  notice  of  his  commander,  he  devoted  himself  to  bis  duty  (that  of 
watching  for  signals  made  by  tbe  lixik-out  frigates)  with  the  greatest  energy  mi 
perseveranoe,  often  remaining  on  deck  nineteen  hours  out  of  the  tweDty-fbw, 
with  his  attention  constantly  directed  towards  this  one  object.  Doriog  the  few 
hours  which  he  Rpent  in  n'posc,  his  sleep  was  so  proiund,  that  no  noise  of  a 
ordinary  kind,  however  loud,  would  awake  him ;  and  it  used  to  be  a  fiiToanlB 
amusf'iucnt  with  bis  comrades^  to  try  various  expcrimentfi  devised  to  test  tha 
goundnesa  of  his  sleep-  But  if  the  word  *  signal '  was  even  whispered  ia  kii 
ear,  be  was  iustantly  aroused,  and  fit  for  immediate  duty. — Tbe  ioflueiMe  ft 
habitual  attention  iit  shown  as  nuieh  in  the  effect  produced  by  the  eeantioa,  tt 
in  thitt  of  tbe  occurrence,  of  sensory  impressions.  Thua  in  the  case  of  the  ofttil 
ofiicer  aroused  by  tbe  8U8ponBi'>Q  of  the  measured  tread  of  the  watch  over  hii 
head,  the  knowledge  possessed  during  the  waking  state,  that  this  suspeanoo  ii 
either  an  act  of  negligence  wliich  rcr|uires  notice,  or  indicates  some  qbqmbI 
occurrence,  doubtless  augments  tbe  effect  which  the  discontinuaace  of  the  tomd 
wou!d  of  itself  produce. 

6S8.  It  ia  not  requisite,  however,  that  the  sound  should  be  one  habitoaUy 
atteuiled-to  during  the  hours  of  watchfulness  ;  for  it  is  sufficient  if  it  be  ooe  M 
which  tbe  atli'iitii^n  Iiaf  been  Jiitd  as  that  at  which  the  sluniberer  is  to  arooH 
himself.  Thus  the  medical  mun,  even  in  his  first  profound  sleep  after  a  fatigoiog 
day's  work,  is  aroused  by  the  first  stnikc  of  the  clapper  of  his  night-bell ;  and 
to  those  who  are  accustomed  to  rise  every  morning  at  the  sound  of  an  alanun- 
clock,  the  frequency  and  regularity  of  the  occurrence  do  not  diminiah,  but  nthtf 
increase,  the  readiuesa  with  which  it  produces  its  effect,  provided  that  the  wank- 
ing be  promptly  obeyed.  On  this  usually  depends  the  efficiency  of  tbe  awakeaiag 
sound  ;  if  it  be  di.sregarded,  as  a  thing  to  which  there  is  no  occasion  to  giT0  heed, 
it  very  soon  ceases  to  prodnce  any  effect,  tbe  entire  peal  not  being  sufficient  to 
awake  the  sleeper  j  whilst,  on  the  other  hand,  tbe  first  stroke  is  enough  to  break 
the  repose  of  him  who  is  impressed  with  the  cffeotuaJ  desire  of  profitiog  by  1^ 
warniug.  And  thus  it  may  happen  (hiit,  uf  two  persona  in  the  same  room,  eithtf 
shall  be  at  once  aroused  by  a  sound  which  produces  no  disturbance  in  the  eioB- 
bers  of  the  other.  To  ibis  influence  uf  previous  impressions,  whether  bahiladl, 
or  but  oQce  forcibly  made,  we  are  also  to  refer  the  spontaneous  terminaiioo  of 
the  state  of  pleep  at  particular  times,  without  any  sensorial  exeiteraent  from  ex- 
ternal impreasions.  Thus,  many  persons  who  aro  accustomed  to  rise  at  a  parti- 
oular  hour,  wzike  regularly  at  that  hour,  whether  they  have  gone  to  rest  early  <* 
late;  so  that  the  act  of  spontaueuusly  awakening  is  no  proof  that  the  dcsiraUc 
aniciunt  of  rL'puse  has  been  obtained.  But  what  is  more  remarkable  is,  ihatBiaaj 
individuals  have  the  power  of  determining,  at  the  time  of  going  to  rest,  the  heef 
at  which  they  shall  rise,  so  as  to  awnkc  from  a  profound  sleep  at  the  precise  tiai 
fixcd-upuu.  In  others,  however,  the  desire  to  rise  at  a  particular  boor  onlyili- 
ducos  a  state  of  restlessness  throughout  tbe  night,  destroying  the  souodoeM  of 
the  («t umbers:  the  individual  awakes  many  times  in  the  night,  with  the  belief 
that  I  he  hour  is  past,  and  very  possibly  oversleeps  it  after  all,  the  system  bdsg 
Wuru^out  by  the  need  of  repose. 
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Th^  Amovnt  of  Sff^  required  by  Miin  is  affected  by  so  many  conditionx, 
Bcially  ff'/e,  temprroment,  hfihit,  and  prrvinn*  fxhnuxtion,  that  no  general  rule 
be  laid-dnwn  on  the  subject, — The  condition  of  the  ftriuit  in  tttero  may  be 
regarded  as  one  of  continual  slumber;  the  ttpparatus  of  animal  life  bein^  com- 
pletely secluded  from  nil  stimuli  which  cnuM  arouse  it  into  activity,  whilst  the 
energy  of  the  organio  functions  is  ontirely  dirt-clfd  to  the  building-up  of  the 
fabric.  Oa  its  first  entrance  into  the  world,  the  infant  continues  to  pass  the 
preuter  part  of  its  time  in  slumber;  and  this  is  partieuliirly  to  be  noticed  in 
eSAeii  of  premature  birth,  the  seven  montlig'  child  seeming  to  awake  only  for  the 
purpose  of  receiving  food,  and  givinjr  but  little  heed  to  external  objects,  whiUt 
even  the  eight  monthfi'  chi!d  is  consideribly  less  alive  to  sensory  impressions 
than  one  born  at  the  full  time.  The  excess  uf  activity  of  the  construrthw  over 
the  diMlrurtive  operations,  which  characterizes  tbe  whole  period  of  infancy,  child- 
hood, and  adolcwence  (Ouap.  xviK.),  retjuires  that  a  larger  proportion  of  the 
diurnal  cycle  shall  be  passed  in  sleep  (during  which  the  former  may  be  carried- 
on  without  hindrance),  than  is  nnjuisite  when  adult  asje  has  been  attained,  tlie 
two  set*  of  changes  being  then  balanced;  and  tbe  amount  of  sleep  to  which  the 
system  shows  itself  disposed,  gradually  diraiiUBbes  from  threo-f'nirths  to  one- 
hulf,  and  from  one-half  to  one-third,  or  even  to  one-ijnarter,  of  the  twenty-four 
hours.  It  is  to  be  noticed  that  the  sleep  i»f  children  or  younir  persons  is  not 
only  longer  than  that  of  adults,  but  is  also  more  profound.  On  tbe  other  hand, 
as  age  advances,  and  tbe  bodily  and  mental  activity  of  the  waking  etato  decreases, 
a  amaller  amount  of  eleep  euffifcs  ;  or,  if  the  slumber  be  protracted,  it  is  usually 
less  deep  and  refreshing.  It  may  be  noticed,  however,  that  very  old  persons 
usually  pass  a  large  proportion  of  their  time  in  sleep,  or  rather  in  a  sort  of  heavy 
doze,  especially  after  meals;  as  if,  in  eon.'^efjuence  of  the  want  of  enfrpy  of  their 
nutritive  operatinns,  a  very  loufj  pi-riod  of  repose  is  necessary  to  repair  the  wasto 
which  takes  place  durinjr  their  short  period  of  activity. — In  repard  to  the  influ- 
ence of  ft-mpfmmfnt,  it  may  be  remarked  that  a  plethoric  htibit  of  body,  sus- 
tained by  full  diet,  usually  predisposes  to  ^ilcep,  provided  that  the  ditrestive  powers 
be  in  a  visrorous  condition ;  persons  of  this  constitution  fretjuently  puss  niue  or 
ten  hours  in  slumber,  and  mMintiin  that  they  cannot  be  adctjnati'ly  refreshed  by 
less.  On  the  other  hand,  thin,  wiry  p<^ctple,  in  whi>m  the  '  nervous'  temperament 
bNjpredominates,  usually  take  contparntivvly  litile  sleep,  notwithstanding  the  gn^ater 
■etivity  of  their  nervous  system  when  thoj-  are  siwake  ;  but  their  slumber,  while 
it  lasts,  is  generally  very  deep.  Pensons  *>f  '  lymphatic*  temperament,  heavy, 
passioulesa  people,  who  may  be  st\\<i  to  live  very  slowly,  ore  usually  great  sleepers  ; 
but  this  is  rather  because,  through  the  duineiss  of  their  perceptions,  they  are  less 
caaily  kept  awake  by  sensorial  or  mental  excitement,  than  because  they  really 
require  a  prolonged  cessation  of  activity.  A&  they  are  half  asleep  during  the 
waking  state,  so  wuuld  it  appear  tbit  tikC  constructive  operations  must  be  far 
from  active  while  they  are  asleep,  so  little  do  they  seem  restored  by  the  repose. — 
Tbe  amount  of  sleep,  csetertg  parihuf^  rrquiretl  by  individuals,  is  \'ery  greatly 
influenced  by  hahit;  and,  contrary  to  what  wc  mi^lit  anticipate,  we  find  that  the 
briefest  sleepers  have  usually  been  nun  of  the  greatest  menial  activity.  Thus 
Frederick  the  Great  and  John  Iliititrr  are  said  to  have  only  required  Jive  hours' 
sleep  out  of  the  tweuty-four;  and  tl«neral  Elliot,  celebrat«.Hi  for  his  defence  of 
Gibraltar,  is  recorded  not  to  have  ,sli  pt  more  than  four  hours  out  of  the  twentj- 
four.  It  may  be  doubted  whether  it  would  be  possible  for  any  one  to  sustain  a 
life  of  vigorous  exertion  upon  a  smaller  alhiwaoee  than  this;  and  tbe  general 
fact  is,  that  from  six  to  ei;:ht  hk>nts  of  repose,  out  of  every  twenty-four,  are  re- 
quired to  keep  the  system  of  an  adult  in  a  state  of  healthful  activity.  Tht, 
influence  of  habit  may  h«  broiij.bt  Ui  bear  on  the  protraction,  as  well  as  on  the 
abbreviation,  of  the  u^ual  p*  riod:  Thus  Quin,  the  celebrated  actor,  could  slum- 
ber foT  twenty-four  hours  i<uc(*essivcly ;  and  Dr.  Keid,  the  metaphy.sician,  could 
(ake  SB  mtich  food,  and  aftciiirordB  aa  much  sleep,  as  were  sufficient  i-yr  two 
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daj«. — It  is  needless  to  dwell  upon  the  obvioua  fact,  that,  other  tHings  being 
equal,  the  amount  of  sleep  required  by  man  is  proportinnnl  to  the  amount  of  mtm- 
Utl  ejrertion  put-forth  durinj^  the  waking  hours;  since  this  is  an  obvious  result 
of  what  baa  been  laid-tlown  as  the  cause  of  the  demand  for  sleep.  It  may  be 
remarked,  however,  that  we  must  not  measure  the  amount  of  sleep  by  its  dura- 
tiuu  alone  :  since  its  intemity  is  a  matter  of  equal  importance.  The  light  sltim* 
ber  which  is  disturbed  by  the  slightest  sounds,  cannot  be  as  rcnovatiag  as  Uie 
profound  sopor  of  those  wham  no  ordinary  noise  will  awake. 

690,  There  are  certain  states  of  the  Encephalic  centres,  in  which  there  is  to 
entire  abaence  of  Sle^p;  and  this  may  continue  for  many  days,  or  even  for  weeks 
or  months.  Insomnia  is,  for  instance,  one  of  the  characteristics  of  acuie  Mania, 
and  may  also  exist  in  various  forms  of  Monomania ;  it  is  asuslly,  also,  one  of  the 
symptoms  of  incipient  meningeal  inflammation ;  and  it  may  constitute  a  specific 
disease  in  itself.  In  all  these  cases,  however,  the  preponderance  of  the  d«ttrurtire 
processes  over  the  const mitive  manifests  itself,  sooner  or  later,  in  the  exhaustion 
of  the  mental  and  bodily  powers.  Thus  Mania,  when  prolonged  or  fretjucnily 
recurring,  eu!:>sidcs  ioto  Dementia;  and,  if  it  continue  for  any  length  of  tinK',  is 
sure  to  be  followed  by  a  great  sense  of  wretchedness  and  prostration,  frequently 
accompanied  by  continual  restlessness.  Such  effects,  too,  in  a  less  aggravated 
degree,  rt-sult  froui  habitual  dejicienct/  of  sleep;  whether  this  be  due  to  emo- 
tional excitement,  wLich  keeps  repose  at  bay,  or  to  a  voluntary  detcrnjinatiun  to 
keep  the  iutc-ilect  in  activity.  This  is  a  very  common  occurrence  among  indus- 
trious students,  who,  with  a  laudable  desire  for  distinction,  allow  themselves  less 
than  the  needed  quauium  of  repose.  Heuducbe,  tension,  heat,  throbbing,  suJ 
vai-ious  other  unpleasant  sensations  in  the  head,  give  warning  that  the  brain  is 
being  overtasked;  and  if  this  warning  be  not  taken,  sleep,  which  it  was  at  first 
difficult  to  resist,  becomes  evcu  more  difficult  to  obt;[iin ;  a  state  of  general  rest- 
lessuesa  and  feverish  excitement  are  induced  ;  and  if,  in  spite  of  this,  the  effort 
be  continued,  serious  conseqaenees,  in  the  form  of  cerebral  inflammation,  apo- 
plexy, paralysis,  fever,  insanity,  or  loss  of  mental  power,  more  or  less  oomplct«. 
arc  nearly  certain  to  be  induced.  Some  individuals  can  sustuin  such  an  effort 
much  longer  than  others,  but  it  is  a  great  mistake  to  suppose  that  they  arv  not 
equally  injured  by  it;  in  fact,  being  possessed  with  the  belief  that  they  are  not 
suffering  from  the  exertion,  they  frequently  protract  it,  until  s  sudden  and  cooi- 
plcte  prostration  gives  a  fearful  deraonstrution  of  the  cumulative  effects  of  the 
injurious  course  in  which  they  have  been  persevering.  Tb(»e,  consequenrly, 
who  are  earlier  forced  to  give-way,  are  frequently  capable  of  accomplish iog  more 
in  the  end. — In  regard  to  the  degree  of  protraction  of  sleep  which  is  consi^tfUt 
with  a  healthy  state  of  the  system  in  otber  respects,  it  is  difficult  to  speak  with 
certainty.  Of  the  numerous  well-authenticated  instances  on  record,'  in  which 
sleep  has  been  coutinuou»ly  prolonged  fur  many  days  or  even  weeks,  it  is  enough 
here  to  state  that  ibey  cannot  be  regarded  as  examples  of  natural  sleep  ;  ihe  state 
of  such  persons  being  more  closely  allied  to  hysteric  coma.  An  unusual  ten- 
dency to  ordinary  sleep  generally  indicates  a  congested  state  of  the  brain,  tending 
to  apoplexy;  and  it  bus  oeca  stated  ttiat  apoplexy  has  been  actually  induced  by 
the  experimental  attempt,  to  ascertain  bow  large  a  proportion  of  the  diurnal  cycle 
might  be  spteut  in  sleep. — Thus,  on  either  side,  inattention  to  the  dictates  of 
Nature,  in  respect  to  the  amount  of  sleep  required  for  the  renovation  of  the  sys- 
le«K  becomes  a  source  of  disease,  and  should  therefore  bo  ca.refully  avoided. 

691.  Dreamint/. — We  have  hitherto  spokeu  of  sleep  in  its  most  complete  ot 
profound  form ;  that  is,  the  Btute  of  complete  unconsciousness.  But  with  the 
absence  of  consciousness  of  external  things,  there  may  be  a  state  of  mental 
activity,  of  which  wc  are  more  or  less  distinctly  cognizant  at  the  time,  and  of 
wliieh  our  subsequent  remembrance  in  the  waking  state  varies  greatly  in  com- 

'  Such,  for  example,  as  thot  of  Samuel  ChiJioo  ("  Phil.  Trans.,"  1694),  and  that  of  >Ui7 
[.yoU  t"  Trans,  of  Uoy.  Soc.  ofEdinb.,"  1818). 
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pletenesfl.     Tbe  cliief  pecaliarity  of  this  state  of  Jreamintf  appears  to  be,  thiit 
there  is  an  entire  suapensiou  of  Volitional  control  over  the  current  of  thought, 
vrhich  flows-on  autoniaticaUj,  Boiuctiiucs  in  a  uoifonn,  cohcrcut  order,  but  more 
commouly  in  a  strangelj-iiicongruoua  sequence.     The  former  is  most  likely  to 
occur,  when  the  mind  simply  takes-up  the  train  of  thought  on  which  it  bad 
l^een  engaged  daring  tlie  wakiDp-hourn^  not  lung  previously;   and  it  may  even 
happen  thui,  in  coiisef|uence  of  tbe  freedom  from  distraction  resulting  from  the 
BuspensioQ  of  exteroal  influences,  the  Reasoning  proeessea  may  thus  be  carrietl-on 
during  sleep  with  unusual  vigour  and  bucccss,  uiid  the  Imagitiatiou  may  develop© 
new  and  harmonioua  forms  of  beauty.'     The  more  penerul  fact  is,  however,  that 
there  is  an  entire  want  of  any  osteusiblc  cobereucc  between  the  ideas  whieh  suc- 
oc^ively  present  themselves  to  the  cooscioueoesa ;   and  yet  we  are  completely 
unaware  of  the  incongruousnesa  of  the  combinations  wUich  are  thus  formed.     It. 
has  been  well  remarked  that  **  nothing  surprises  us  in  dreanjs."     All  probabili- 
ties of '  time,  place,  and  circumstance'  are  violated ;  the  dead  pass  before  ua  as 
if  alive  and  well;  even  the  sages  of  aniiquity  hold  persona!  converse  with  ua;  our 
friends  upon  the  antipodes  are  brouotht  upon  the  scene,  or  we  ourselves  are  con- 
veyed  thither,  withi^ut  the   least  perception  of  the  interveniag  distance;    and 
occurrences,  such  as  in  our  waking?  state  would  excite  the  strongest  emotions,  may 
be  contemplated  without  the  slightest  feeling  of  a  painful  or  pleasurable  nature. 
Facts  and  events  lung  since  forgotten  in  the  waking  state,  and  remaining  only  as 
latent  impressions  on  the  Cerebrum  (§  642),  present  themselves  to  the  roind  of 
tbe  dreamer;  and  many  instances  have  occurred,  in  which  the  subsequent  reten- 
tion of  the  knowledge  thus  re-accjuired  has  led  to  most,  important  results.*     But 
one  of  the  most  retuurkable  of  all  the  peculiarities  in  the  stute  of  dreaming,  is 
the  rapidUt/  with  which  trains  of  thought  pass  through  the  mind ;  for  a  dream 
in  which  a  long  series  of  events  has  seemed  to  occur,  and  a  multitude  of  images 
has  been  autce?sivcly  raised-up,  has  been  often  certainly  known  to  have  occupied 
only  a  few  minutes,  or  oven  seconds,  although  whole  years  may  seem  to  tbe 
dreamer  to  have  elapsed.     There  would  not  appear,  in  truth,  to  be  any  limit  to 
the  amount  of  thought  which  may  thus  pass  through  the  mind  of  the  dreamer, 
in  an  interval  so  brief  as  to  be  scarcely  capable  of  measurement;  as  is  obvious 
from  the  fact,  that  a  dream  involving  a  long  succession  uf  supposed  events,  has 
often  distinctly  originated  in  a  sound  which  has  also  awoke  the  sleeper,  so  that 
the  whole  must  have  passed  during  the  aliiiost  inappreciable  period  of  transition 
between  tbe  previous  state  of  sleep  and  the  full  waking  consciousness.'     Hence 
it  has  been  argued  by  some,  that  u//our  dreams  really  take  place  in  the  momentary 
passage  between  the  states  of  sleeping  and  waking ;  but  uuch  an  idea  is  not  con- 
sistent with  the  fact,  that  the  course  of  a  dream  may  often  be  traced,  by  observ- 
ing the  successive  changes  of  expression  in  the  countenance  of  the  dreamer.     It 
seems,  however,  that  those  dreams  arc  most  distinctly  remembered  in  the  wakiog 

'  Tbus,  Condorcet  saw  in  ht4  dreams  the  final  steps  of  a  difRoult  calculation  wbiGh  had 
paiileij  liim  dtiriug  the  daj:  nnd  Cuudillnc  tells  ua  tbnt,  when  engaged  in  his  "Court 
d'Htude,  '  be  fre)|ueutly  developed  and  finUbed  a  subject  lo  his  dreams,  which  he  had 
broken-oflf  before  retiring  to  rest.  Coleriiige  relates  of  himself,  that  bis  fragment  "  Kuhla 
Khan"  was  composed  during  sleep,  vhicli  bad  come  upon  him  whilst  reading  the  passage 
in  "  Furohas'a  Pilgrimage"  on  which  the  poetical  description  was  founded,  and  was 
written-down  immediately  od  awaking,  "  the  images  risiug  up  before  bin)  as  tilings,  with 
a  parnllcl  production  uf  the  oorrespuudent  expressions,  without  any  senaatioa  or  conacioua- 
nen  of  effort." 

*  S««  a  number  of  sacb  oaaea  in  Dr.  Abercrombie's  "  [nqoiriea  ooneerning  the  latelleetual 
Powera." 

•  The  only  phase  of  the  waking  state,  In  which  any  such  iuteosely-rapid  succeanon  of 
thoughts  preseata  itself,  is  that  vrhich  iti  now  well  attested  as  a  frequent  occurrence,  under 
circumstances  in  which  there  ia  imminent  danger  of  death,  especially  by  drowning;  the 
whole  prerioaa  life  of  the  individual  seeming  to  be  presented  iostantaoeously  to  hia  view, 
with  its  every  importaot  incideat  Tividly  impressed  on  his  oooaoiousaasa,  just  aa  if  all 
vera  combined  iu  a  picture,  the  whole  of  which  coutd  be  taken.ui  at  a  glance. 
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State,  which  have  passed  through  the  tniDd  daring  the  transitional  yhtat  just 
alluded-to ;  whilst  those  which  occur  in  a  state  more  allied  to  SotDDatabuiistn, 
are  more  completely  isolated  from  the  ordinary  conscioxiacess. — There  is  a  pbs*e 
of  the  droaiuiog  stiite,  which  is  worthy  of  notice  as  marking  another  gndaiioa 
hetweeo  this  and  the  vigilant  Ktate^  that,  namely,  in  which  the  drouoerhas  a 
conscioQsnees  that  he  is  dreatninc,  hfing  aware  of  the  unreality  of  the  imagei 
which  present  themselves  before  hu  mind.  He  may  even  make  a  ToluntArr  and 
snccesaful  effort  to  prolong  them  if  agreeable,  or  to  dissipate  them  if  uopleviag; 
thus  evincing  the  possession  of  a  certain  degree  of  that  directing  power,  the  eoiira 
want  of  which  is  the  characteristic  of  the  true  state  of  Dreaming. 

G92.  But  the  sensibility  to  external  impressions  may  not  be  entirely  sospetidel 
in  Dreaniinp;;  and  it  is  curious  that  even  where  sensations  are  not  recogniied  by 
the  mind  of  the  dreamer  us  proceeding  from  external  objects,  they  may  affect  thi 
course  of  its  own  thoughts;  so  that  the  character  of  the  dreams  may  he  in  sons 
degree  predetermined  by  such  an  arrangement  of  sensory  impressions  ns  is  likely 
to  modify  them.     This  is  especially  the  case  in  regard  to  the  dreamy  state  iii' 
duced  by  certain  narcotics,  such  as  the  Hachipch  (a  preparation  of  Cannald  /»• 
rfifo)  employed  for  this  purp^we  in  the  East  (§  702)  ;  for  the  emotional  coD<liliot! 
of  the  individual  under  its  influence,  is  entirely  under  the  cootrol  of  ex«<*rD  " 
impressions;  so  that  thofMj  who  give  themgelrea  up  to  the  intoxic^ition  of 
/antusia,  take  care  to  withdraw  tht-niselvea  from  everything  which  could  gi 
their  delirium  a  tendency  to  melancholy,  or  excite  in  them  anything  else  th 
feelings  of  pleasurable  enjoyment.'     Moreoverj  there  are  certain  forms  o( 
nary  Dreaming,  in  which  the  whole  succession  of  thought  and  feeling  (which 
mnde  matiifest  by  the  words  occaisiooally  uttered,  or  by  the  play  of  countenaoi 
or  by  the  more  active  movements  of  the  dreamer)  may  be  governed  by  extern 
BUggestion ;  us,  for  example,  in  the  well-known  case  of  the  officer  who  aiuoaed 
bis  friends  by  acting  his  dreams,  during  the  expedition  to  Louisborg,  the  coi 
of  these  dreams  being  capable  of  direction  by  whispering  into  the  sleeper's  ea; 
especially  if  this  was  done  by  a  friend  with  whose  voice  be  was  famih"ar.*     Soi 
forms  of  Dreaming  constitute  a  transition  to  the  state  of  Somnambulism. 

608.  Somiiambuliam. — The  phenomena  of  Somnamhulism  are  so  various,  that 
it  is  difificuU  to  give  any  general  definition  that  shall  include  the  whole ;  hot  it 
is  a  condition  which  is  common  tn  all  forms  of  this  state,  that  the  eontrolliog 
power  of  the  Will  over  the  curreut  of  thought  is  entirely  suspended,  and  that  all 
the  actions  are  directly  prompted  by  the  ideas  which  possess  the  mind  ;  and  tb« 
differences  chiefly  arise  out  of  the  mode  in  which  the  succession  of  idea*  ii 
directed,  this  being  in  some  cases  a  coherent  sec[uence  through  the  whole  of 
which  some  one  dominant  impression  may  be  traced,  whilst  in  other  instances  it 
is  more  or  lees  completely  determinable  by  external  suggestions.  Thi 
forms  are  thus  pnrailel  to  the  states  of  i^pontaDcous  Abstraction  and  ai 
Reverie  (Electro-Biology)  respectively  (§§  C7l,  672);  but  differ  from  them 
in  this  essential  feature, — that  they  occur  in  a  state  of  oonstiousocss  so  far  dil^^ 
tinct  from  the  ordinary  waking  condition,  us  not  lo  be  connected  with  it  by  tin 
ordinary  link  of  Memory;  and  that  although  the  course  of  thought  in  Somn«m> 
bulism  UFuaily  manifests  the  directing  influence  of  pTcvious  habits,  and  the  knov* 
ledge  of  persons  and  things  possessed  during  the  waking  state  may  be  readilj 
brought  before  the  mind,  yet  nothing  which  occurs  during  the  state  of  SomDfS' 
hulisra  is  ever  retmccd  spontaneously,  or  can  be  brought-bock  by  an  net  of 
lection.     Impressions  upon  the  nervous  system,  however,  are  sometimes  1«: 

'See  the  Author's  article,  'Sleep,'  in  the  "Cjrclop.  of  Anat.  and   Phya.,"  tuI 
pp.  ri8ft-690:  and  More&u  "Da  Hachisch  et  de  rAli^Eoatioo  Mentale,  Btudea  Ps;cboltf> 
giques,"  p,  67, 

*  This  case  is  detailed  by  Dr.  Abercrotnbie  ("  Inquiriea  concerning  the  Int«llectn»l 
Power*",*'  5th  Ed.,  p.  1!77,)  on  the  authority  of  Dr.  Gregory,  to  whom  it  wna  relatr<i  by  » 
gentleman  who  witnesMi^d  it.  A  case  of  a  very  aiiuil&r  nature,  the  eutijecl  of  which  ww  • 
medical  student  at  Edinbargh,  is  related  in  SmelUe's  "  Philosophy  of  >'ataral  Uistoiy." 
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BtroDg  emotional  exciten»?nt,  which  pve-rise  to  eabsequent  feelings  of  discom- 
fort, of  whose  origin  the  individual  is  entirelj  unconscious  ' — In  the  first  of  the 
phases  just  referred-to,  a  train  of  rcasiining  is  often  carried-out  with  remarkable 
clearness  and  corrcctDcss,  and  its  risults  expressed  in  appropriate  lan^age,  or 
otherwise  acted-oa.  Thus,  a  niatheiuiitician  may  work-out  2.  difiicult  problem,  an 
orator  maj  make  a  speech  appropnate  to  the  occasion  on  which  be  supposes  hirn- 
Belf  to  be  called-up,  or  an  auibor  may  compose  and  commit  to  writing  poetry  or 
proee,  upon  the  eubject  which  occupies  bis  ihiiughts.  But  it  is  a  frctjueut  defect 
of  the  intellectual  operutious  carried-on  in  this  condition,  that,  through  the  com- 
plete absorption  of  the  altention  by  one  set  of  considerations,  no  account  is  takoa 
of  others  which  ought  to  modify  the  eonelupion  ;  and  this,  althou<;h  it  mjiy  l>e  pal- 
pably inconsistent  wifh  the  teacbinpt  of  ordinary  experience,  is  not  felt  to  be  so, 
nnlcfia  the  latter  should  hjippcn  to  pressent  themselves  unbidden  to  the  thoughts. 
6U4-  The  second  of  the  phases  above  mentioned,  which  i»  especially  seen  in 
the  artijuiai  Somnambulism  induced  by  the  (60-<*alle(l)  Mffunen'e  pnwcss  (§  696"), 
or  by  the  fixed  gaze  at  a  near  object  (as  practised  by  Mr.  Braid  mnder  the  name 
of  IJypnotimi),  u  essentially  the  same  as  that  of  the  '  biological '  condition,  save 
in  the  different  relation  which  they  respectively  bear  (0  the  waking  state ;  for 
there  ia  the  same  readiness  to  receive  new  iuiprcesions  through  the  senses  (the 
visual  sense,  however,  being  generrtlly  in  abeyance),  and  the  same  want  of  persist- 
ence in  any  one  train  of  ideas,  the  direction  of  the  thoufjhts  being  entirely  deter- 
mined by  the  suggestions  which  are  iutroduccd  from  without.  In  either  of  these 
extreme  forma  of  Somnambulism,  and  in  the  numerou.s  intermediate  places  which 
connect  the  two,  the  couBciousncss  seems  entirely  given-up  to  the  one  impression 
which  is  operating  upon  it  at  the  time^  so  that  whilst  the  attention  is  exclusively 
directed  upon  any  object,  whether  nctuully  perceived  through  the  senses,  or 
brought  suggestively  before  the  mind  by  previous  ideas,  nothing  else  is  felt. 
Thus  there  may  be  complete  insensibility  to  bodily  pain,  the  somnauibulist's 
whole  attention  being  given  to  what  ia  passing  ia  his  mind ;  yet  in  an  instant, 
by  directing  the  attention  to  the  organs  of  sense,  the  anajtheaia  may  be  replaced 
by  ordinary  scDsibility;  or,  by  the  fixation  of  the  attention  on  any  one  class  of 
sensations,  these  shall  be  perceived  with  most  extraordinary  acutenes.'^,  whilst 
there  may  bo  a  Btat«  of  complete  iuficnaibiUty  us  regards  the  rest. — Thus,  the 
Author  baa  witnes.sed  a  case  in  which  such  ao  exaltation  of  the  sense  of  Smell  was 
manifi-sted,  that  the  subject  of  it  discovered  without  difficulty  the  owner  of  a  glove 
placed  in  his  hand,  in  an  assembly  of  tifty  or  sixty  persons ;  and  in  the  same 
case,  as  in  many  others,  there  was  a  similur  exaltation  of  the  sense  of  Tem- 
perature. The  exoltatinn  of  the  Mu.«*cular  Sense,  by  whii-h  various  actions  that 
ordinarily  require  the  guidance  of  vision,  are  directed  independently  of  it,  ia  a 
phenomenon  common  to  the  '  mesmeric'  with  various  other  fonus  of  artificial  as 
well  as  of  natural  Somnambulism.  The  Author  has  repeatedly  seen  Mr.  Braid's 
•  hypnotized  '  subjects  write  with  the  most  perfect  regularity,  when  an  opaque 
Bcreen  was  interposed  between  their  eyes  and  the  paper,  the  lines  being  equidis- 
tant and  p;irallel|  and  it  is  not  uncommon  for  the  writer  to  carry  back  his  pen  or 
pencil  to  dot  an  i  or  cross  a  t,  or  make  some  other  correctittn  in  a  letter  or  word. 
Mr.  B.  had  one  patient  who  would  thus  go  back  and  correct  with  accuracy  the 
writing  on  a  whole  page  of  note-paper;  but  if  the  paper  was  moved  from  the 
position  it  had  previously  occupied  on  the  table,  all  the  corrections  were  on 
the  wrong  points  of  the  paper  as  regarded  the  actual  place  of  the  writing,  though 
on  the  Tujht  points  as  regarded  \\a prcvioiis  place;  sometimes,  however,  hi^  would 
take  a  fresh  departure,  by  feeling  for  the  upper  left-hand  corner  of  the  paper, 
and  all  his  corrections  were  then  made  in  their  right  pot^itions,  notwithstanding 
the  displacement  of  the  paper. — So,  again,  when  the  attention  of  the  somnambu- 
list LB  fixed  upon  a  certain  train  of  thought,  whatever  may  be  spoken  in  harmony 

'  Se«  a  very  oarioog  example  of  thia  kiad,  which  fell  nader  the  Aathor'a  own  observa* 
tion,  narrated  in  the  Article  '  tileep,'  in  the  «•  Cyclop,  of  Auat.  aad  Pb^n.,  vol.  iv.  p.  tj93 
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with  this  ia  heard  ind  appreciated ;  but  wbal  has  no  relntioo   to  it,  or  »  b  di«- 
cordatice  with  it,  is  entirely  disregarded. 

G95.  It  is  among  the  most  curious  of  the  numerous  facts  which  Mr.  Bmd'i 
investigations  upon  artificial  Somii&mhulism  have  brought  to  light,  that  the  «ug» 
^'Btions  derived  from  the  *  muscular  Bcnse  '  have  a  peculiar  potency  in  det<nu 
inp  the  current  of  thought.     For  if  the  face,  body,  or  limbs  be  brought  into 
attitude  that  is  expressive  of  any  particular  emotion,  or  that  corre»pood#  *i 
that  in  which  it  would  be  placed  for  the  performance  of  any  voluntary  actifj 
the  corresponding  mental  state, — that  is,  either  an  Emotional  condition  affeed 
the   general  direction   of  the  thoughts,  or  the  Idea  of  a  particular  aciioo 
ciille<l-up  in  respondence  to  it.     Thus,  if  the  hand  be  placed  upon  the  vertej 
the  Somnaiuhulist  will  frecjucntly,  of  his  own  accord,  draw  bis  body  up  to  i 
fullest  height,  and  throw  his  head  slightly  back;  his  countenance  then  asnnii 
an  expression  of  the  most  lofty  pride,  and  the  whole  train  of  thought  ia  ohvioi 
under  the  domination  of  this  feeling;  as  is  manifested  by  the  replies  which 
individual  makes  to  interrogatories,  and  fay  the  tone  and  manner  in  which  th 
are  delivered.     Where  the  first  action  does  not  of  iLself  call-forth  the  rest,  it  b 
sufficient  to  straighten  the  lege  and  ppine,  and  to  throw  the  head  somewhat  hack, 
to  arouse  the  emotion,  with  its  corresponding  manifestation,  in  its  full  inteos}t|a^H 
If,  during  the  most  complete  domination  of  this  emotion,  the  head  be  bent  faii^| 
wards  and  the  body  and  limbs  be  gently  flexed,  the  most  profound  humility  then 
takes  its  place.     So,  again,  if  the  angles  of  the  mouth  be  gently  separated  frota 
one  another,  as  in  laughter,  a  hilarious  d).>«position  is  immediately  pcnerated  ;  aod^| 
this  may  be  made  to  give  place  to  moroseness,  by  drawing  the  eyebrows  towardj^^ 
each  other  and  downwards  upon  the  nose,  as  in  frowning.'     So,  again,  if  the  hind      ' 
be  raised  above  the  head,  and  the  fingers  be  fixed  upon  the  palm,  the  idea  of 
climbing,  swinging,  or  pulling  at  a  rope  is  eaSlcd-up  in  such  as  have  been  used 
to  such  kinds  of  eicrtioo ;  if,  on  the  other  hand,  the  fingers  be  flexed  when  th« 
arm  is  hanging-down  at  the  side,  the  idea  suggested  is  that  of  lifting  a  weight 
and  if  the  same  flexure  be  inado  when  the  arm  is  advanced  forwards  in  the 
tion  of  striking  a  blow,  the  idea  of  fighting  is  at  once  aroused^  and  the  SomnaiB- 
bulist  is  very  apt  to  put  it  into  immediate  execution.' 

696.  Atf^mrrkm.  —  It  appears  to  the  Author  that  the  time  has  now  oome, 
when  a  tolerably  definite  opinion  maybe  formed   regarding  a  larg^e   number  ol 
the   phenomena  commonly  included   under  the  term    *  Mesmerism.'     Notwi    ' 
standing  the  exposures  of  various  pretenders,  which  have  taken-place  from  ti 
to  time,  there  remains  a  considerable  ma.-'s  of  phenomena  which  cannot  be 
readily  disposed-off  and  which  can  put-forward  as  just  a  title  to  the  attention 
the  scientific  Physiologist,  a.s  that  which  is  possessed  by  any  other  class  of  w*ll- 
tsccrlaincd  facts.     Passing-over,  for  the  present,  the  inquiry  into  the  manner  in 
which  these  effects  may  be  induced,  the  Author  may  briefly  enumerate  the  prio- 
cipnl  phenomena  which  he  regards  as  having  been  veritably  presented  in  a  suffi- 
cient number  of  instances,  to  entitle  them  to  be  considered  iis  genuine  and  regular 

•  The  Autlior  has  not  only  rtpeotcdly  witncesed  all  lliese  effects,  as  produced  by  ? 
Braid  upon  ■  hypnotiied'  Buhjects,  of  whom  aeveral  had  never  been  previously  iu  thai  ci 
ditioti,  un<l  had  no  idea  irb&levcrof  what  was  expected  from  them  ;  but  he  has  been  ai 
by  a  most  intelligent  mediral  frieDd,  who  has  paid  special  attention  to  the  psjchol 
part  of  this  inttuiry,  that  having  euhjected  himself  to  Mr.  Braid's  practice,  and  haW 
be«o  only  partially  thrown  t»to  the  'hypnotic'  state  (in  fact,  'biologized')  he  distinti 
rencmberc  everything  that  was  done,  and  con  retrace  the  uncontrollable  effect  npoc  hu 
emotional  state,  which  wn$  produced  by  this  management  of  hiB  muscular  apparatu;. 

*  On  one  occasion  on  which  the  Author  witnessed  this  result,  a  violent  blow  was  stmck, 
which  chanced  to  alight  upon  a  second  soiDuambulist  within  reach  ;  Am  combatiTtneM 
being  thereby  exoited,  the  two  ologed,  and  began  to  belabour  one  another  with  mck 
energy,  that  they  were  with  difficulty  septtrated.  Although  their  passions  were  at  this 
tnoukcnt  so  strongly  excited,  that  even  whrti  sepfirated  Ihey  continued  to  utter  furious  it- 
nuiwiations  against  each  other,  yet  a  tittle  discreet  tnaDipalation  of  their  muscle*  N«a 
Ctttiued  them  and  restored  them  to  perfect  goorl-humotir. 
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nanifestatioaa  of  the  peculiar  bodily  and  mental  condition  under  discassion  :  — 
1.   A  state  of  complete  Coma  or  perfect  iaBensibility,  analogous  in  ita  mode  of 
access  and  departure  to  tbat  which  is  known  as  the  *  Hysteric  Coma/  and  (like 
it)  usually  distinguishable  from  the  coma  of  Cerebral  oppression  by  a  constant 
twinkling   movement  of  the  eyelids.     In  this  condition,  Bevere  surgical  opera- 
tions ra!»y  be  performed,  without  any  consciousneas  on  the  part  of  the  patient; 
and  it  ia  not  unfrequcntiy  found  that  the  state  of  torpor  extends  from  the  Cere- 
brum and  Sensory  Ganglia  to  the  Medulla  Oblongata,  eo  that  the  respiratory 
moTements  become  eerioualy  interfered- with,  and  a  state  of  partial  asphyxia  su- 
pervenes.—  -.   A  8tat«  of  Stjninamliufijim  or  Sleep-waking,  which  may  present 
all  the  varictiea  of  the  natural  Somnambwlisua,  from  a  very  limited  awakening  nf 
the  meutai  powers,  to  the  state  of  complete  Double  Consciousness^  in  which  tho 
individual  manifests  all  the  ordinary  powers  of  his  mind,  but  rcinenibers  nothing 
of  what  baa  passed  when  restored  to  bis  natural  waking  state.     This  state  of 
Somnambulism,  in  the  form  which  it  commonly  takes,  is  characterized  by  the 
facility  with  which  the  thoughts  are  directed  into  any  chunnel  which  the  observer 
may  desire,  by  the  principle  of  '  Bujjgestion ;'  and  by  the  want  of  power  on  the 
part  of  the  Suranambulist,  to  apply  the  teachings  of  ordinary  experience  to  the  cor- 
rection of  the  erroneous  idcfis  which  arc  thus  made  to  occupy  the  mind.     In  these 
particulars,  this  condition  clo,sely  corresponda  with  that  of  the  artificial  Soranara- 
Dulism  or  'hypnotism*  of  Mr.  Braid   (§604);  and   the  only  peculiarity  in  its 
phenomena  wiiich  can  be  regarded  as  at  all  essential,  consists  in  the  special  rela- 
tion which  is  affirmed  to  exist  between  the  mesmerizer  and  his  *  subject.'     Now 
in  regard  to  the  existence  of  this  rapjmrlf  it  is  specially  note- worthy,  that  it  was 
not  discovered  until  long  after  the  practice  of  Jlesmerisni  hud  come  into  vogue, 
having  been  unknown  to  Mcsmer  himself  and  his  immediate  disciples;  and  that 
its  phenomena  have  only  acquired  constancy  and  fixity,  in  proportion  as  its  (sup- 
posed) laws  have  been  announced  and  received  as  egtablishcd.     The  hiatorj  of 
MesmcrJsttij  candidly  and  philoBopliicalty  analyseftl,  affords  abundiint  evidence  in 
proof  of  this  position ;  hut  the  best  guarantee  of  ita  truth  is  drawn  from  the 
result.'*  obtained  from  the  numerous  Mosuierizcr.'*,  who  have  begun  to  experiment 
for  themselves  without  any  knowledge  of  what  they  were  to  expect,  and  who 
have  produced  a  great  variety  of  remarkable  phenomena,  without  having  ever 
discovered  this  rnjijtort ;  and  yet  have  obt^tiined  immediate  evidence  of  it.  when 
once  the  idea  has  been  put  into  thoir  own  minds,  and  thence  into  those  of  their 
•gubjecfs.'     It  is  quite  easy  to  understand,  that  if  the  mind  of  the  *  subject*  be 
BO  yielded-up  to  that  of  the  mesmerizer,  as  to  receive  and  act-upon  any  impres- 
sion which  the  latter  forccs-upoji  or  even  suggests-to  it,  the  notion  of  this  pecu- 
liar relation  is  as  easily  communicable  as  any  other,  and  may  exert  a  complcto 
domination   over  the  'subject,'   through  the  whole  of  the  sleep-waking  ^tate. 
Thus  the  commands  or  suggestions  of  the  mesmerizer  meet  with  a  response  which 
those  of  no  other  individual  may  produce;  in  fact,  the  latter  usually  seem  to  be 
unheard  by  the  somnambule,  simply  beeiiuse  they  are  not  related  ta  the  dominant 
impression,  —  a  phenomenon  of  which  the  experience  of  natural  somnambulism 
b  continually  presenting  examples  (§  694).     Further,  it  being  a  fact  that  indi- 
viduals of  what  may  be  termed  the  susceptible  constitution,  have  brought  them- 
selves, by  the  habit  of  obedience,  into  complete  subjection  to  the  expressed  or 
understood  will  of  some  other  parTy,  even  in  the  waking  slates,  without  any  racs- 
merio  indueoce  whatever,  it  is  nut  at  all  difficult  to  understand  how  such  a  habit 
of  attending  to  the  operator,  and  to  him  atone,  should  be  peculiarly  developed  in 
the  state  of  Homnambullsm,  in  which  the  mind  seems  to  hare  lost  its  self-acting 
power,  and  to  be  the  passive  recipient  of  external  impressions.     And  the  satne 
explanation  applies  to  the  other  phenomena  of  this  rapport ;  such  as  its  establish- 
uient  with  any  bystander,  by  his  joining  bands  with  the  mesmerizer  and  the  som- 
nambule;  for,  as  already  shown  (§  094),  it  is  quite  sufficient  that  the  somnambule 
ahpold  be  previously  possessed  with  the  idea  that  this  new  voice  will  thus  be 


C22 


PT3NCT10NS   OF   THE   CEREBRO-SPIKAL  NERVOT38   6YSTCX. 


nudible  to  lier,  and  tbat  hIic  must  obey  itA  behestp,  for  it  to  pixtduce  sll  tlie  aai« 

effects  upon  her  as  that  of  the  mesnierizer  bad  previously  done.     In  ill  ihe  nu:- 

cfss/ul  experiments  of  this  kind  which  the  Author  has  seen,  thia  previoui  idea 

ico»  entertained,  both  by  mesmerizer  and  mmnambale  ;  but  in  by  far  the  krper 

proportion  of  cases  which  have  fallen  under  his  notice,  and  especially  when  ihe 

Bubjecta  of  them  were  not  hahitvie*  of  the  mesmeric  tianccs^  the  pbeaomena  of 

this  class  could  not  be  made  to  show  themselves,  the  consciousness  of  the  soiU' 

natnbule  not  being  limited  to  the  nieBmerizer  or  to  those  en  rapport  with  him, 

but  being  efjiiaJly  extended  to  all  around  her. — 3.   A  frequent  phenomenoa  of 

this  oondition,  and  one  which  has  its  parallel  in  natural  Soinnambulisni  (§  0M), 

is  a  remarkable  ExaUatum  of  one  or  more  of  the  Senses,  so  that  the  individml 

becomes  susceptible  of  influences  which,  in  his  natural  condition,  would  not  be 

in  the  least  perceived.     To  this  exaltation  may  fairly  be  attributed  a  great 

number  of  the  pheDomeoa,  which  have  been  supposed  to  indicate  a  peculiar  aod 

mysterious  inlloencc  exerted  by  the  Mesmerizer  over  his   •  subject ;'  since  iKe 

latter  will  be  far  more  receptive  of  *  suggesting '  impressions,  tha,n  an  ordioarj 

bystander  would  suppose  possible.     And  it  is  to  be  borne  in  mind  that  tlie  coo- 

contratiou  of  the  attention  upon  these  may  often  pive  them  a  far  greater  npi- 

ficanoe  to  the  individual,  than  they  possess  for  others;  this,  it  seems  likdr,  a 

especially  the  case  in  regard  to  tones  of  voice,  emphasis  of  manDer,  4c.,  when 

questions  are  propounded.  — 4.  The  MKsrular  apparatus  may  alsu  be  excited  to 

action  in  unusual  modes,  and  with  unusual  energy.     Notwithstanding  the  Uihej 

of  many  of  the  cases  of  Cataleptic  rigidity  which  have  been  publicly  exhibit^], 

the  Author  is  satisfied,  from  investigations  privately  made,  of  the  possibilitj  of 

arti6cially  inducing  this  condition.     A  slight  irritation  of  the  muscles  themadTvi, 

or  of  the  skin  winch  covers  them,  as  by  drawing  the  points  of  the  fingen  over 

them,  or  even  wafting  currents  of  air  over  the  surface,  —  is  sufficient  to  excite 

the  tonic  muscolar  contraction,  which  may  cnntinue  in  sufficient  force  to  Bmpeo^ 

a  oonsiderable  weight,  for  a  longer  period  than  could  be  kept  up  by  any  ooomT' 

able  effort  of  voluntary  power.     But  these  are  phenomena  which   are  quite  n 

well  displayed  in  artificial  Somnambulism  induced  in  other  ways,  as   they  are  ia 

the  '  mei^meric  '  stute:  and  do  not  afford,  therefore,  any  more  than  the  preoedia^ 

the  slightest  indicjition  of  the  speciality  of  the  latter,  or  the  least  proof  of  aaj 

extraneous  influence  exerted  over  the  *  subject.' — 5.  Various  eflfects,  it  is  asserted 

may  \*o  produced  upon  the  Or(/anir  Fuvcttons  by  'Mesmeric'  influence;  and  it 

is  on  account  of  this  agency,  that  it  claims  to  be  admitted  as  a  directly-cnmtiw 

agent.     It  will  be  hereafter  shown,  however,  that  effects  of  a  precis«ely  aiBilw 

kind  may  be  produced  in  other  forma  of  ArtiBcial  Somnambulism,  by  siroplj 

fixing  the  attention  on  the  part;  and  that  the  same  may  be   done,  even  in  tliie 

ordinary  waking  state,  iu  certain  subjects  who  can  be  worked-np  to  the  requisiti 

pitch  of  confident  expectation.     (See  §  837.)* 

'  The  above  are  tlie  principal  phenomena  of  the  *  Mesmeric'  state,  in  regard  to  «huk 
the  Author  feeU  bis  mind  mnde-up.  He  does  not  see  why  any  discredit  ebaaM  bl 
attached  to  them,  since  thej  corresfvond  in  all  essential  particqlars  with  thoae  of  tlaM^ 
whirli  nnturalty  or  upontiinei^usly  oecur  in  manj  individuBls,  and  which  he  has  had  *|>y 
ttinities  of  personalty  observing,  in  cases  in  which  the  well-known  cbaracterti  of  the  ptftin 
pUcod  them  above  8U6{iici()n.  When  the  facility  with  which  the  mind  of  the  SomoaaMat 
U  pinj'cd-on  by  euggesticing  (conveyed  either  in  language,  or  through  other  aeofliliaBt 
which  excite  associated  ideas),  and  the  absence  of  the  corrective  power  ordinariljrramliti 
by  past  experience,  arc  duly  kept  in  view,  many  of  the  supposed  'higher  phenomeaa ' of 
Mesraeriifin  may  bo  accounted-fur,  without  regarding  the  patient  on  the  otra  hand  a*  |4s> 
8es8e<]  of  extraonliuary  powers  of  divinatioD,  or  on  the  other  as  practising  a  iltii|iliai 
Thus,  hearing  in  mind'  tb«t  Somnatubulism  is  an  acted  dream,  the  cnnrsa  of  whkok  it 
governed  by  external  inipres^icino,  it  is  easy  to  understand  how  the  subject  of  it  laaytt 
directed  by  •leading  questions  '  to  enter  buildings  which  be  has  never  seen,  aad  to  Atmrift 
scenes  which  he  has  never  witnessed,  vrithout  any  intentional  deceit.  Th«  lovt  af  tht 
laarvellous  so  strongly  possemed  by  many  of  the  witnesses  of  such  exfaibitiotw,  pnafO 
them  to  graep-at  and  to  exaggerate  the  coincidences  ia  all  surh  perfomaaoMs  aa4  ts 
eeiflcet  the  failores ;  and  hence  reports  are  given  to  the  pnblic,  which,  whea  ih*  nal  IruU 
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8.  General  Rerajntufatton,  and  PatKciogical  Applkutiont. 

In  sumniing-up  the  views  which  have  been  propounded  in  this  Chapter  with 
regard  to  the  normal  functions  of  the  Nervous  Syslcin,  and  in  applying  these  to 
the  elucidation  of  its  principal  modes  of  abnorrual  activity,  it  will  be  advan- 
tageoas  to  follow  the  reverse  order  to  that  which  has  been  previously  adopted, 
mod  to  proceed  from  above  downwarJa,  instead  of  from  below  upwards. 

697.  The  entire  Nrrvom  Systcniy  like  other  organs  of  the  body,  possessea 
vital  cndowmenta  peculiar  to  itself,  ia  virtue  of  which  it  (ends  to  respond  in  a 

of  them  is  known,  proTo  to  have  been  the  reaults  of  a  series  of  guesses,  the  correctness  of 
which  U  in  direct  relation  to  the  atuou[>t  of  guidance  aiTordeil  hy  the  questions  tbemsolves. 
In  like  manner,  the  manifestations  of  the  excitement  of  the  '  phrenological  org;ans '  seem 
to  de{)«nd  upon  the  conveyance  of  a  snggestion  to  the  patient,  either  throagh  his  know- 
ledge of  their  supposed  seat,  or  tlirouph  thi>i  anticipntiotis  esprossiwi  by  the  by-standers. 
Many  instances  are  recorded,  in  which  the  intention  has  been  stated  of  exciting  one  organ, 
whilst  the  finger  has  been  placed-upon  or  pointed-at  another  ;  and  the  resulting  manifesta* 
tioD  has  alwuys  been  that  which  would  flow  from  the  former.  It  does  not  hence  follow 
that  intentional  deception  ia  being  prnctised  by  the  Somnambulist ;  since  the  condition  of 
wind  already  referred-to,  causes  it  to  respond  to  the  suggestion  which  is  most  strongly 
eoDvejed  to  it. 

In  regard  to  the  alleged  powers  vhich  are  said  to  be  posseseed  bj  many  SomnambuliatSr 
of  reading  with  the  eyes  completely  cohered,  or  of  discerning  words  enclosed  in  opaqutt 
boxes,  or  of  giTing  an  account  of  what  ia  taking-place  at  a  distance,  all  coming  under  the 
general  term  Clairvoyanre,  the  Author  need  only  here  express  his  coariotion  that  no  case 
of  this  description  has  ever  »tood  the  test  of  a  searching  investigation. 

WitJi  respect  to  the  modes  in  whieli  the  '  Mesmeric '  RoniiiamhuUsm  ia  induced,  it 
appears  to  him  that  they  are  all  referable  to  those  .<4tatcs  of  monotony  of  sensory  impra- 
nons,  and  of  expectation,  to  which  reference  has  been  already  made,  as  among  the  most 
potent  of  the  predisposing  causes  of  conditions  allied  to  Sleep  (H  082,  6A5).  It  is  asserted 
by  Mejimerizers,  that  they  can  induce  the  '  Mesmeric'  state  from  a  dintonoe,  without  the 
leas^t  consciousness  on  the  part  of  their  'subjects  '  that  any  influence  is  being  exerted  on 
them, — an  assertion,  which,  if  true,  would  go-far  to  establish  the  existence  of  a  force 
ikltogether  tut  gmerii,  capable  of  being  transmitted  from  one  individuul  to  another.  Here, 
however,  as  in  regard  to  the  'higher  phenomena'  last  advcrted-to,  (he  Author  feels  com- 
pelled to  state  that  no  evidence  of  an  affirmative  kind  has  yet  been  adduced,  which  can  be 
in  the  least  degree  satisfactory  to  a  scientific  enquirer,  who  duly  appreciates  all  the  sntircea 
of  fallacy  to  which  these  occurrences  nre  open.  Among  tliesc,  the  state  of  expectation  on 
the  part  of  the  'subject'  is  the  most  important;  since  this  baa  been  shown,  by  repeated 
expei  iments,  to  be  of  itself  quite  stifficient  to  induce  the  stale,  when  the  *  subject '  has 
been  led  to  entertain  it;  whilst,  if  it  be  alSofftthrr  wanting,  the  most  powerful  Metoneric 
influence,  so  far  as  the  Anthur's  personal  kuuwletlge  extends  (and  on  this  subject,  be  must 
be  excused  for  trusting  rather  to  the  results  of  hjs  own  inveatigations,  than  to  the  state- 
ments of  other  individuals,  however  truatworthy  on  ordinary  mutters],  has  always  failed. 
A  very  striking  instance  of  this  kind  is  contained  in  the  "llrit.  and  For,  Med.  Rev.," 
Tol.  xix.  p.  47t<,  in  an  Article  to  which  the  Author  may  refer  as  on  the  whole  expressing 
(although  not  written  by  him^elfj  his  t»wn  opinions  on  this  curious  and  interesting  subject, 
strengthened  a»*  these  are  by  much  subsequent  inquiry  into  the  phenomena  of  •Hypnotism* 
and  '  Rlectrn-Biology,'  the  attentive  and  scientific  study  of  which  will  tend,  he  feels 
Assnred,  to  eliminate  the  true  from  the  false  in  Mesmerism,  more  efreutunlly  thnn  any 
other  method  of  procedure.  Much  has  been  done  by  the  enquiries  of  Mr.  Braid  of  Man- 
chester, wbo  discovered  the  'hypnotic'  mode  of  inducing  artificial  Somnambulism,  and 
wbo  has  carefully  studied  the  phenomena  of  the  hypnotic  stnte ;  and  the  .Author  feels  it 
due  to  that  gentlcmitu  further  to  mention,  that  very  soon  after  the  publication  of  the  first 
edition  of  liarou  Reicheubach's  researches  on  Odyle,  Mr.  Braid  discovered  their  true 
explanation,  and  exbibitcii  to  the  Author  many  of  the  'odylie'  phenomena,  as  the  resalts 
of  tuffffitdoH  in  certain  individuals,  whom  he  hod  discovered  to  have  the  power  of  To1un< 
tarily  inducing  a  state  of  Abstraction  or  artificial  reverie,  closely  corresponding  to  what  ia 
now  termed  the  Electro-Biological  condition. 

On  the  whole  subject  of  Sleep  nml  its  allied  states,  as  well  as  on  that  of  Cerebral 
Physiology  generally,  the  .Author  would  strongly  recommend  his  readers  to  study  Sir  II, 
Holland's  "Chapters  on  Mental  Physiology;"  in  which  they  will  find  a  most  valuable  andl 
•ogge^tive  collection  of  facts  and  doctrines,  based  upon  an  extended  practical  experience, 
and  brought  to  bear  psrticularly  upon  the  more  difficult  and  recondite  portions  of  the 
inquiry.  A  fuller  analysis  of  the  piienomena  of  Somoumbulisin  (natural  and  arttficial). 
Mesmerism,  and  other  allied  states,  will  be  found  in  the  "Quarterly  Review,"  8epL,  1858 
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dptPTminate  manner  to  iniprcpsions  teade  upon  it;  the  properties  of  its  arverJ 
parts  being  distinguighcd  by  the  vt'xlutt  ttprrainfi  of  impressions  upon  etch  re- 
ppectivoly.  In  so  far^  then,  as  nny  part  of  the  Nervous  Sj-stem  merely  itsicts 
upon  iroprcfisions  which  are  made  upon  it,  we  must  rrgard  its  operations  as 
nvtomattc ;  and  this  ns  imich  when  thpy  give  rise  to  Psychical  changes,  «s  when 
they  uianifest  thenisj'lvos  in  evoking  Muscular  movements,  or  in  modifyinp  the 
processes  of  Nutrition  and  St-cretion. — But  the  automatic  actions  of  most  parts 
of  the  Nervous  System  are  subject,  more  or  less  completely,  to  the  doniinarion 
of  the  Will,  a  power  which  is  purely  Psychical,  and  of  which  we  know  nnthinjj 
but  what  we  loam  from  our  own  direct  consciousness  of  its  exercise.  The  power 
of  the  Will  is  the  t/rtafrnt  over  the  automatic  actions  of  the  highest  portions  of 
the  Nervous  Centres,  which  are  concerned  in  p^f/rAiVo/ changes ;  whilst  it  hu 
the  Irant  influence  over  the  automatic  actions  of  those  lovrr  centres,  which 
isler  solely  to  the  functions  of  the  horfifi/  orfjmtism. 

698.  Knrvial  Mcnfef  of  Cenhrol  Arfirity. — The  Ccrehmm  is  the  mstenlT^ 
orp^an,  through  whose  instmtnentflliiy  of  all  the  processes  of  Thought  are  car- 
ried-on.  These  processes  are  first  called  into  activity  by  impressions  conveyed  to 
the  vesicular  matter  of  the  Cerebral  surface,  by  ancendivg  nerve-fibres  which 
proceed  to  it  from  the  iSensory  Gaufilin  ;  and  the  influence  of  that  activity  is  re- 
transmitted to  the  Sensory  Ganglia,  by  a  converse  set  of  detcemUng  fibres.'  There 
is  niuch  reason  to  consider  that,  until  such  re-transmission  has  taken  place,  the 
coTisciousnesn  is  not  so  afTected  by  Cerebral  chanfres,  as  to  give  to  the  results  of 
these  changes  a pj»ycAaff^  character;  for  the  central  Sensorium  appears  to  stAod 
in  precisely  the  same  anatomical  and  physiolojrical  relation  to  the  vesii-ular  mat- 
ter of  the  Cerebral  surface,  that  it  does  to  the  vesicular  matter  of  the  Retina  or 
other  peripheral  expansions  of  the  Sensory  nerves  ;  and  there  is  strong  analogicil 
ground  for  the  belief,  that  the  process  by  which  the  Mind  is  rendered  cognioint 
of  changes  in  the  Cerebrum,  is  perfonned  by  the  same  instrumentality  as  that 
by  which  it  is  made  acquainted  with  impressions  on  the  Organs  of  Seuse.  And 
this  view  is  confirmed  by  the  fact,  that  automatic  changes  may  take  place  in  the 
Cerebrum  without  any  consciousness  on  our  own  parts ;  the  results  of  which 
changes,  when  we  at  last  become  conscious  of  tlicra,  correspond  with  those  that 
we  ordinarify  attain  by  processes  whose  successive  steps  excite  as  many  anccesuve 
states  of  consciousness. — These  Cerebral  changes,  then,  acting  downwards  upon 
the  Sensorium,  give  rise  to  those  affections  of  our  consciousness,  which  we  de*ig- 
nate  as  Mmtal  Procemws.  These  processes. — c:illcd  into  activity  by  Scnj*orial 
impressions, — ranging  from  the  simplest  act  uf  Ideation  to  the  highest  operations 
of  Intellectual  powcr^ — consisting  also  in  the  piny  of  Fancy  aud  Imagination, 
and  including  an  essentifil  part  of  those  active  states  known  as  Passions,  Emo- 
tions, Mom!  Feelings,  Sentiments,  &e., — must  be  regarded  as  essentially  auto- 
made  in  their  nnlure,  and  as  the  miinifestations  of  the  'reflex'  activity  of  the 
Cerebrum  ;  since  we  have  obundunt  evidence  that  they  can  take-place  without 
nny  self-direction  on  the  part  of  the  individurd,  who,  whilst  his  Will  is  in  abey- 
ance, is  in  the  condition  of  an  animal  entirely  governed  by  Instinct.  There  is, 
however,  far  less  of  uniformity  in  these  '  reflex  actions'  f>f  the  Cen^brum,  than 
we  observe  in  those  reflex  actions  of  other  parts  of  the  Nervous  S\*stein,  which 
give-rise  to  the  movements  ordinarily  desigonted  as  'instinctive;'  this  diversity 
wems  partly  attributuble  to  difl^'rences  in  the  orujinal  constitution  nf  different 
individuals  J  but  it  is  certainly  due  in  great  part  to  difl'erenees  in  the  aetmxr 
constitution  of  the  organ,  arising  out  of  the  mode  in  which  it  has  been  habitual 

•  The  structural  digtinctness  of  Ibese  two  Het8  of  fihre?  must  be  tdmitted  to  l»*  byp«»* 
thetictil ;  Dtid  it  is  liiiprolidbk'  tliat  uny  Hnntomicnl  eviiictice  can  ever  be  attained,  by  which 
the  hypolhrsis  inny  be  estnt>ti*hed.  Hut  all  the  aonlogy  of  the  afferent  and  efferent  fibre* 
throu;;hflUt  the  body,  is  opponoit  to  the  idom  Ihnt  the  snnic  fihroa  can  serve  bulh  purpoonk 
Whatever  mny  he  thought  of  their  structural  distinctness,  however,  there  can  he  do  r 
%ble  doubt  of  the  truifinibsion  of  uerve-furce  iu  the  two  directions  above  uidic«ted. 
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exercised, — this  being  dependeat,  on  the  one  band,  on  tbe  ciroumstaaces  in 
whioh  the  individual  baa  been  placed,  and,  on  the  otber^  on  the  oae  be  has  toade 
of  hia  Will. 

Gi*9.  When  the  power  of  the  Will  has  been  duly  cultivated,  it  acquires  90 
complete  a  domination  over  thn  '  autoinatio '  actions  of  tbe  Cerebrum,  that  it 
can  repulute  the  couree  of  Thuutrbt  and  the  degree  of  EcnolioDiil  excitement; 
iuteniiityitig  soiue  of  these  actions,  and  repressing  others,  by  determinate  effort« 
directed  with  that  special  purpose.  Its  power  is  so  far  tiuiited^  however, — that 
it  can  only  seU-ct  froui  the  objects  which  spontaneously  present  themselves  to  the 
consciou»i)e38,  thoiie  which  it  desires  to  retain  and  employ;  and  has  no  direct 
power  of  bringing  before  the  mind  any  object  not  actuully  present  to  it.  Hencfe 
it  is,  that,  whilst  we  have  an  almost  unlimited  power  of  turuiiif;  to  the  best 
aocouut  the  endowments  we  possess,  by  streu^thouing  our  Iiitelloctuul  powers, 
expanding  our  higher  Emotional  tendencies,  and  briii;j;ing  the  lower  Propensities 
under  wholesome  restraint,  we  cannot,  by  any  effort  of  the  Will,  introduce  b««7 
elements  into  our  psyehical  nature. 

700.  The  power  of  the  CiTcbrum  to  call-forth  Muscular  movements,  is  entirely 
exerted  through  the  intermediation  of  the  Cranio-Spinal  Axis  upon  which  it  is 
superimposed  ;  no  motor  fibres  directly  issuing  from  the  Cerebrum  itself.  These 
movements,  when  directly  determined  by  the  Will,  may  be  designated  as  Voli- 
tional; when  they  are  involuntarily  excited  by  states  of  passion,  feelins;,  &a.,  of 
which  ihey  are  the  external  expressions,  they  are  distinguished  as  EmntionnJ ; 
and  when  they  are  prompted,  in  the  absence  of  any  volitional  exertion,  by  the 
Idea  which  may  fur  tbe  time  engross  the  consciousness,  they  may  be  termed 
Ideational.  In  each  case,  the  nerve-force  transmitted  downwards  from  the  Cere- 
brum appears  to  produce  the  very  same  state  of  activity  in  the  Sensori-motor 
apparatus,  as  that  which  muy  be  directly  excited  in  it  by  impressions  transtnirted 
iruui  the  Organs  of  Sense;  :tnd  thus  the  sumt'  tnstrumentuliry  serves  for  all 
olttsses  of  movements,  Voluntary  and  Involuntary,  tbe  difference  in  their  obu- 
racier  being  solely  referable  to  the  diversity  of  th<  ir  primal  source. 

701.  Abnormal  Mmhn  of  (Jtrrhrul  Avtivlttf. — The  Cerebrum  being  the  instru- 
ment of  all  psychical  activity,  we  mu.>^t  rejiard  iis  action  a.^  disordered  in  every 
stale  in  which  that  activity  is  perverted.  The  tirst  degree  of  departure  from  th  • 
normal  state,  is  usually  shown  in  the  want  of  Volitional  control  over  the  sequence 
of  thought;  and  this  may  exist  merely  to  theestent of  jjiving  the  reflex  power  of 
the  organ  t'Mj  great  a  predominance,  so  that  tniins  of  ideas  and  states  of  feelin« 
Mucceed  each  other  auiomaticuUy,  and  all  the  actions  of  the  individual  are  simpiv 
the  expresnions  of  the.se.  Such  is  the  mentjil  state  which  exists  in  Reoerie  and 
in  tSumnamLuliMm,  uatunil  or  induced  ;  the  principal  varieties  in  these  states 
being  traceable  to  the  relative  degree  of  influence  of  ideas  already  fixed  in  the 
mind,  and  of  external  suggestions,  in  determining  the  course  of  thought.  It  is 
to  be  remarked,  however,  m  regard  to  the.'«e  condition;*,  that  they  are  generally 
characterized  by  a  sotnewliat  inactive  state  of  the  Cerebrum,  so  that  the  changes 
in  the  state  of  consciousness  are  not  rapid,  though  such  as  do  occur  are  coherent.' 
lo  Drtamivg,  Delirium,  and  the  artitieial  delirium  ai  Intoxication^  on  the  other 
hand,  with  a  like  absence  of  the  direoiing  and  restraining  power  of  the  Wilt, 
there  is  a  greater  and  more  irregular  activity  in  tbe  Cerebral  operations;  the  ideas 
presenting  themselves  in  far  more  rapid  succession,  and  possessing  a  less  perfect 
mutual  coherence. 

■  Id  most  forms  of  induced  Somnambulism,  it  appears  na  if  tbe  mental  activity  is  oni> 
sttBtained  by  external  prompting,  nil  *p"«/rtn/«orM  actiTity  being  suspcoderl;  for  tbe  'sub- 
ject' continually  relapses  into  a  state  of  unconsciousnesB,  and  Joes  not  paaa  from  one  topic 
to  aaother,  unleae  induced  to  do  eo  by  'lending  que^flions.'  In  souii;  cases  of  this  kind, 
however,  aa  veil  as  in  all  those  forma  of  niitural  tiorimanibnlii^ta  in  which  the  individual 
act*  on  the  sponlaneoua  promptings  of  his  own  thoughts,  tbd  mental  state  is  one  of  eonti- 
nuoos  activity ;  but  it  is  obvious  that  its  operations  are  slow,  and  are  very  limited  in  (beic 
Datura. 

40 
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702.  Very  nearly  allied  to  Dreaming  aod  SomnambuIi9m,  are  the  stutca  of 
Delirium  and  of  Mania,  which  graduate  almost  iii](>erceptiblj  one  into  the  oth  ;r ; 
being  cUieflj  distin^^uiahed  by  the  degree  and  kiud  of  excitement  which  tbey 
respectively  exhibitj  and  by  the  oatarc  of  tbe  bodily  slates  with  which  they  ure 
conpectcd,  The  loss  of  Voluntary  control  over  the  cmreot  of  thought,  is  tbe 
pritnury  clement  of  both  these  conditions;  and  the  gradual  weakening  of  (his 
may  be  fre(|ue»tly  traced,  when  the  tnineitioti  from  the  normal  state  is  not  n 
rapid  as  to  prevent  its  various  steps  from  being  watched.  The  nrtijiciol  drUrium 
pr<jduccd  by  Intoxicating  ayents,  affords  peculiar  facilities  for  this  kind  of  obser- 
vation;  and  among  these  agents,  there  is  none  whose  operation  ia  so  iotere.<itiag 
in  this  respect  as  Hachi^ch.  '  Tbe  first  efTeot  of  a  dose  of  this  substance,  an 
described  by  M.  Morcau  (Op.  cit,),  is  commonly  to  produce  a  moderate  exhilam- 
tion  of  the  feelings,  and  an  unusual  activity  of  the  intellectual  powers;  but  this 
activity  gradually  frees  itself  from  the  control  of  the  Will.  The  individual  feels 
himself  incapablo  of  6xing  bis  attention  upon  any  subject;  bis  thoughts  beiog 
continually  drawn-off  by  a  succession  of  ideas  which  force  themselves  (as  it  were) 
into  hia  mind,  without  his  being  in  the  least  able  to  trace  their  origin.  These 
speedily  occupy  hia  attention,  and  present  themselves  in  strange  combinations,  so 
as  to  produce  the  most  fantastic  and  imp()s.^il!}le  creations.  By  a  strong  effort  of 
volitiun,  however,  the  original  thread  of  the  ideas  may  be  recovered,  and  tbe 
intHrlopern  driven  away.  These  "  lucid  intervals  '  successively  become  of  shorUT 
and  bhtirt^jr  duration,  and  can  be  less  frequently  procured  by  a  volaotary  effort; 
for  the  internal  tempest  becomes  more  and  more  violent,  the  torrent  of  (apparently) 
disconnected  ideas  increases  in  vehemence,  so  as  oomplctcly  to  arrest  the  alien- 
tion,  and  the  miud  ia  at  last  enttrcly  given-up  to  it^  and  is  at  the  same  time  with- 
drawn from  the  perceptive  consciousness  of  external  things,  although  as  already 
pointed  out  (§  602),  it  is  by  no  means  removed  from  the  influence  of  seiMory 
impressions.  The  eucceaston  of  ideas  has  at  first  less  of  incoherence  than  in  ordi- 
nury  dreaming,  the  ideal  events  not  departing  so  widely  from  p(.>ssible  realities; 
and  the  disorder  of  the  mind  is  primarily  mDoifested  in  errors  of  perception,  in 
false  convictions,  or  in  the  predominance  of  one  or  more  extravagant  notions. 
These  false  ideas  are  generally  not  akogelher  of  an  imaginary  character,  but  are 
originally  called  into  existence  by  external  impressions,  these  being  erroneously 
interpreted  through  the  disordered  action  of  the  perceptive  faculty ;  thus,  for 
example,  among  the  most  common  perversions  are  those  relating  to  time  and 
^pucc,  minutes  seeming  hours^  hours  being  prolonged  into  years,  and  all  idea  of 
time  being  at  last  obliterated,  so  that  past  and  present  are  confounded  together  as 
in  ordiuury  dreaming;  whilst  in  tike  manner,  streets  may  appear  of  an  iotermi- 
nable  tcti^tb,  tbe  people  at  the  other  end  seeming  to  be  at  a  vast  distance;  for 
the  mind  lias  a  tendency  to  exnygeratc  every  impression  made  upon  the  conscious- 
ness, especially  those  which  affect  the  emotional  state.  The  effect  of  a  full  dose, 
however,  is  at  last  to  produce  the  complete  withdrawal  of  the  mind  from  the  oon- 
temptation  of  external  things,  and  entirely  to  suspend  the  action  of  the  Will  over 
the  current  of  thought;  and  the  condition  then  comes  to  be  nearly  the  lume  as 
that  of  ordinary  Dreaming,  the  chief  difference  consisting  in  thfc  readiness  with 
whit-h  the  emotions  may  be  excited  in  thoso  who  are  under  the  influence  of  the 
ijachi^cli,  and  in  the  degree  in  which  their  course  df  thought  is  amenable  to 
'external  influences. 

703.  The  following  concise  and  faithful  description  of  the  ordinary  tMirivm 
o/tfitiease,  will  show  how  completely  it  corresponds  in  all  ita  essential  charactcn 
with  that  which  is  induced  by  the  introduction  of  intoxicating  agents  into  tbe 

^blood.  "In  its  highest  degree  it  is  a  complete  disturbance  of  the  intellectual 
actions;  the  thought*  are  not  inactive,  but  rather  far  more  active  than  in  health; 
ihey  are  uncontrolled,  and  wander  from  one  subject  to  another  with  extraordiniTy 
rapidity ;  or,  takinp  up  one  single  subject,  they  twist  and  turn  it  in  every  ray 
and  shape,  with  endless  and  innumerable  repetltiooi.     The  thinking  faculty  acenis 
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to  liave  escaped  from  &11  control  nnd  restraint,  and  tbou};ht  after  tboa<rht  is 
engendered  without  any  power  of  the  patient  to  direct  and  regulate  them.  Some- 
timea  thej  succeed  each  other  with  such  velocity,  that  all  power  of  perception  ia 
destroyed,  and  the  toind,  wholly  engroAsed  with  this  rapid  development  of 
tboDght8,  is  unable  to  perceive  imprcBsions  made  upon  the  f>ensea ;  the  patient 
gocB-on  unceasinjtly  raving,  apparently  unconsciouB  of  what  is  takinjr  place  around 
him;  or  it  may  he,  that  his  senses  have  become  more  acute,  and  that  every  word 
from  a  bystander,  or  every  object  presented  to  bia  vision,  will  become  the  nuqlens 
of  a  new  train  of  thought;  and,  moreover,  such  may  be  the  exaltation  of  hia  sen- 
sual pcrceptioQ,  that  subjective  phenomena  will  arise  in  connection  with  each 
sense,  and  the  patient  fanfies  he  hears  voices  or  other  sounds,  whilst  ocular  spec- 
tra in  various  firma  and  shapes  appear  before  his  eyes  and  excite  further  rhapso- 
dies of  thoupht."'  It  must  be  remarked  (bat  there  is  usually  a  greater  disorder 
of  the  perceptive  faculty  in  Pelirium,  than  in  ordinary  Dreaming;  for  in  the  for- 
mer condition,  the  erroneous  images  are  more  vividly  conceive d-of  as  having  an 
exigence  external  t<i  the  mind,  than  theyaro  in  the  latter;  the  illusory  visual  and 
auditoTT  perceptions  having  all  the  force  of  reality,  and  often  appeariog  to  be  the 
origin:if  «o«rrc.t  of  ideas,  instead  of  (as  seems  to  he  rather  the  ease  in  dreaming") 
their  product*}  This  peculiarity  probably  depends  upon  a  primary  aflPection  of 
the  Sensorial  centres  by  the  morbid  agent  (§  716), 

704.  The  more  active  forms  of  Delirium  pass  by  almost  imperceptible  grada- 
tions intq  the  state  of  Monifif  which  ia  usually  characterized  by  the  combination 
of  complete  derangement  of  the  intellectual  powers,  with  pasFiionate  eicitement 
upon  every  point  which  in  the  lea.st  degree  affects  the  feelings.  There  is,  how- 
ever, a  considerable  amount  of  variety  in  the  phases  of  Mania,  depending  upon 
differences  in  the  relative  degree  of  inklkchtal  and  of  emotional  disturbance. 
For  there  may  be  such  a  derangement  of  the  former,  as  gives-rise  to  complete 
incoherence  in  the  succespion  of  ideas,  so  that  the  reasoning  power  is  altogether 
Buspcuded  ;  and  yet  there  may  be  at  the  same  time  an  entire  absence  of  emotional 
excitement,  so  that  the  condition  of  the  mind  is  closely  allied  to  that  of  dream- 
ing or  of  rjmbling  delirium,  Ou  the  other  hand,  the  intellectual  powers  may 
be  themselves  but  little  di,'<turbed,  the  trains  of  thought  being  coherent,  and  the 
reasoning   processes   correctly  performed;    but  there   may  be  such  a  state  of 

'  8e«  Dr.  Todd's  '  Lumleian  Lectures,  on  the  Pathology  and  Tr«atTnent  of  Delirium  nnd 
Cornti,'  in  the  '*  Mediciil  Giiictte,"  1850,  vol.  ilv,  p.  703. — A  oircmnBtance  wii«  mentioned 
to  th«  Author,  wttikt  hn  wub  a  student  at  Edinburgh,  which  remarkably  illustrAtes  the 
influence  of  Buggcstiona  derived  from  external  sources,  in  deternnining  the  current  of 
ihougbL  During  An  epidemic  of  Fever  wttich  had  occurred  »omfi  litne  previously,  and  in 
which  no  nctive  delirium  had  bef'n  &  common  symptom,  it  was  observed  that  man;  of  iha 
patieni»  of  one  particular  phytiician  were  possessed  by  it  strong  tendency  to  throw  them- 
aelvea  out  of  the  window,  whilst  no  »uch  tendency  presented  itself  in  unusual  frequency 
in  the  practice  of  others.  Tlie  Author's  informant,  himself  a  diNtinguislied  Professor  in 
th«  Univereity,  explained  this  tendency  by  what  had  occurred  within  hia  own  knowledge, 
as  follows: — His  friend  and  cullengue,  Dr.  A.,  was  attending  a  patient,  Mr.  B.,  who  seeniB 
to  liAve  been  the  first  to  make  the  attempt  in  question :  impressed  with  the  necessity  of 
takini;  due  prccnuti^nn,  Dr.  A.  Then  visitud  Dr.  C. ,  in  tehote  htanng  he  gave  directions  to 
bnve  the  windows  properly  secured,  as  Mr.  B.  had  attempted  to  throw  himself  out  Now 
I>r  C.  distinctly  remembers,  that  although  he  had  not  previously  experienced  any  such 
desire,  it  came  upon  him  with  great  argenoy  as  soon  as  ever  the  i<lea  was  thus  suggested 
to  him  ;  his  mind  bein?  just  in  that  state  of  incipient  delirium,  which  is  marked  by  the 
temporary  dfxninance  of  some  one  ides,  and  by  the  want  of  voluntary  power  to  withdraw 
the  attention  from  it.  Ami  he  deemed  it  probable  that,  as  Dr.  A.  went  on  to  Mr.  D.,  Dr, 
£,,  Ac.  and  gave  similar  directions,  a  like  desire  would  be  excited  in  the  minda  of  all 
those  who  might  happen  to  be  in  the  same  impressible  condition. 

'  In  true  Dreatning,  the  sensnti<ina1  consciousness  is  entirely  clo.4ed  to  the  outward  worlds 
and  all  the  images  which  we  mny  believe  we  see,  or  the  sounds  t}iftt  we  fancy  ourselves  to 
hear,  seem  to  result  from  chnnpes  in  the  Sen»urium  excited  by  Cerebral  influence ;  but  in 
Delirium  there  is  *n  evidently  disordered  action  of  the  Scnsorium  itself,  of  which  spectral 
illu!iinns  and  other  'enhjcctive  scnsAtions' are  the  manifestation.  Thla  Ib  farlicularly 
obrioaa  to  ihat  form  of  Deliriuai  which  is  knowo  as  deUriun  trtmm$. 
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£»eneral  emotional  excitability,  that  nntbing  \s/el(  as  it  should  be,  and  the  inntt 
violent  passion  may  be  aroused  and  Bnstained  by  the  moat  trivial  incidents,  or  by 
the  wronp  ideas  which  are  formed  by  the  mind  aa  a  consequence  of  their  misin- 
terpretation (§  6'23).  Between  ibeiie  two  opposite  states,  and  that  in  which  the 
disturbance  affects  at  the  same  time  the  intellectual  and  the  emotional  fkart  of  the 
Mcntul  nature,  there  is  a  complete  succession  of  transitional  links;  but  under  all 
phases  of  this  condition  (thpse  often  passing  into  each  other  in  the  »me  individ- 
ual]^ there  is  one  constant  element,  namely,  the  deficiency  of  Volitional  control 
over  the  succession  of  thought.  This  deficiency  appears  to  be  a  primary  element 
in  those  forma  which  essentially  consist  in  Intellectual  di?turbance;  whilst  in 
thoae  of  which  Emotional  excitement  is  the  prominent  feature,  it  seems  rather  to 
result  from  the  overpowering  maatery  that  is  exercised  over  the  Will  bj  the 
states  of  uncontrollable  passion  which  succeed  each  other  with  little  or  no 
interval.  It  ssecma  probable,  however,  from  the  phenomena  of  Intoxication 
(§  702).  that  the  very  same  Dgency  which  is  the  cause  of  the  undue  Emotional 
excitability,  also  tends  to  produce  an  absolute  diminution  in  the  power  of  Voli- 
tional control. 

705.  From  the  state  of  Mania,  we  natUTnlly  pass  to  those  more  persistent 
forms  of  InmvUt/f  in  which  there  is  some  settled  disorder  in  the  action  of  the 
Mind.  Allhuugh  this  nwy  arise  from  the  perversion  of  any  part  of  the  psychical 
nature,  yet  a  partial  or  complete  deficiency  in  the  Volitional  control  over  the  cur- 
rent of  thought,  and  consequently  over  the  actions  whieh  are  the  exprewiona  of 
it,  seems  to  be  a  chanieteriBtic  feature  of  every  form  of  Insanity,  and  is  frequenllj 
ita  first  manifectition  ;  and  it  is  this,  which,  in  go  far  as  it  exi*ts,  ought  to 
considered  ns  rendering  the  individual  irresponsible  for  his  conduct.  But  wii 
this  is  associated  an  excessive,  deficient,  or  perverted  activity  of  some  one 
more  of  the  automatic  tcitdoncios ;  atid  hence  Insanity  must  be  reparded  to  that 
extent  aa  consisting  in  a  disordered  action  of  the  Cerebrum.  This  may  be  traced 
to  a  great  variety  of  causes,  which  may  be  classified  in  different  way.s,  according 
as  we  take  their  otni  nature  or  their  motftii  operandi  as  the  basis  of  our  arrange- 
ment. Thus  it  is  unquestionable  that  in  a  larjre  proportion  of  cases  of  settled 
Insanity,  there  is  an  impairment  of  the  due  Nvfrition  of  the  Cerebrum;  and 
this,  which  is  oftcrt  an  hereditary  defect,  may  arise  dt  novo,  like  abuonnjil 
changes  in  the  nutrition  of  other  parts  (CHAP.  Vlll.),  from  deficiency  or  perver- 
sion in  the  formative  power  of  the  tissue,  or  from  an  imperfect  supply,  or  from 
an  altered  character  nf  its  pabulum.  Of  the  influence  of  deficient  or  perverted 
formative  power  in  the  tissue,  we  have  examples  in  the  insanity  resulting  from 
mcchiinical  injuries  of  the  brain,  and  from  excessive  'wear'  of  the  organ  by 
forced  activity.  Of  the  effects  of  deterioration  in  the  character  of  the  blood,  we 
have  illustrntiuns  in  the  Insanity  that  is  often  linked-on  with  constitutional 
diseases  of  which  such  deterioratinn  is  a  marked  feature,  and  iu  that  which  is  lo 
frequent  a  consequence  of  hubitnal  excess  in  the  use  of  Alcoholic  liquoit. 
These  conditions  may  exi.st  in  combination  ;'  and  it  is,  probably,  by  such  a  com- 
bination, that  niiiuy  of  the  'moral  causes'  of  Insanity  operate.  For  there  can 
be  little  dnubt  that  Emotional  excitement,  from  its  imnjediafe  relation  to  Ncnre- 
force  (§  624),  has  a  direct  infl^uenoe  on  the  formative  capacity  of  the  Cerebrum; 

'  Thus  DfliTuim  tremens,  which  maj  be  regarded  as  a  fonn  of  temporary  lusanitjp, 
eiBentiiilly  consisting  in  perrcrK-d  and  imperfect  nutrition  of  the  Cerebrtini,  seema  or«li- 
n&rilj  to  depend  conjointly  upon  Jhc  cxcesgiTe  and  irrepulnr  actitity  to  whtcb  the  t»rpui 
bus  lieen  previously  forced,  and  on  the  altcrntiun  of  the  riormBl  chRr»cter  of  th«  Blotxi 
produced  by  the  habitual  pre«eDce  of  Alcohol  in  its  current;  but  it  is  well  known  tli»t 
Delirium  Tremens  may  occur  aa  the  result  of  other  «gencie«  that  prinuirily  deprcts  the 
nutritive  powers  without  perverting  the  blood ;  such  an  excessive  depletion,  the  nbtwk  of 
eevere  injuries,  or  extreme  cold.  In  cither  case,  however,  the  indicntiona  of  tre«(uHit 
are  the  same;  namely,  to  induce  sleep,  whereby  the  irregoUr  activity  of  the  organ  pay 
be  completely  suspended,  and  its  due  nutrition  restored ;  and  to  correct  what  may  U 
faulty  in  the  cooditioa  of  the  Blood. 
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uliif,  on  the  other  hand,  wb  know  that  it  Hbs  so  great  an  influence  over  the 
Orgnnic  functions,  that  it  can  produce  very  decided  alterations  in  the  condition 
of  the  Blood  (chap.  XV).  But  without  any  sertotis  perversion  of  the  nutrition 
of  ihe  Cerebrum,  ita  arU'on  may  be  disturbed,  either  by  the  presence  of  some 
toxic  agent  io  the  Bloo<i,  or  by  fuQctional  disturbance  In  other  parts  of  the 
Nervoufl  system.  The  delirium  of  Tntoxication  is,  whilst  it  lasts,  a  true  Insanity  ; 
and  it  ceases  because  the  poison  is  eliminated  from  the  circulatioD.  But  there 
are  many  ca<<es  in  which  there  is  a  cotititiual  production  of  a  poison  within  the 
eyetem,  which  deranpea  the  normal  train  of  niental  action  so  long  as  the  blood  is 
tainted  by  it;  the  indication  of  treatment  is  hero  obviously  to  check  this  pro- 
duction, and  to  depurate  the  blood;  and  when  this  has  been  effectujiHj  accom- 
plished, the  healthy  action  of  the  Brain  is  immediately  restored,  wbicli  would 
not  have  been  the  cotse  if  its  nutrition  bad  been  seriously  impaired.  Moftt  per- 
fiong  have  experienced  the  extreme  depreHsion  of  spirits  and  incapacity  for  mental 
exertion,  which  are  consequent  upon  certain  derangements  of  the  digestive 
function,  and  especially  upon  disorder  of  the  bllinry  apparatus ;  and  it  is 
UDqae«iionabIe  (hut  many  forms  of  Insanity,  in  which  extreme  dejection  is  a 
prominent  symptotn^  but  which  may  also  include  intellectual  delusions,  are  solely 
dependent  upon  this  cause.  The  functional  disturbance  of  tbe  Cerebrum  induced 
by  the  irreg:ular  action  of  other  parts  of  the  Nervous  System,  is  a  part  of  the 
Etiology  of  Insanity  which  has  been  as  yet  but  very  little  atteoded-to,  but  which 
deserved  a  careful  study.  Numerous  examples  of  it  arc  furnished  by  certain 
peculiar  forms  of  disordered  Mental  action,  which  are  connected  with  '  hyaterical' 
etatcs  of  the  female  system,  especially  mutability  and  irritability  of  temper  and 
disposition  to  deceit  ;*  but  we  are  probably  also  to  refer  to  this  cause,  in  part  at 
least,  those  very  distressing  states  of  mind,  which  arise  out  of  disorders  in  the 
sexual  apparatus  of  the  male,  or  even  from  irritation  of  neighbouring  parts.* — It 
frequently  happens  that  agencies  of  both  classes  contribute  to  the  result ;  some 
long-continued  defect  of  nutrition  (very  often  arising  from  hereditary  constitu- 
tion) serving  a&  the  *  predisposing  cause,'  whilst  violent  mental  emotion,  or  de- 
pravation of  tbe  blood  by  nnsioua  matter  of  some  kind,  acts  as  the  *  exciting 
cause;'  the  two  conjointly  producing  that  effect,  which  neither  would  singly  have 
brought-about. 

700.  It  is  chiefiy  (but  not  solely)  in  those  cases  in  which  the  Cerebral  power 
haa  been  weakened  by  a  succession  of  attacks  of  Mania,  Epilepsy,  or  some  other 
disorder  which  consists  in  a  perverted  actioa  of  the  whole  organ,  that  we  find  the 
Intellrctual  powers  specially  and  permanently  disordered ;  the  succession  of  thought 
becoming  incoherent,  and  the  perception  of  those  relations  of  ideas  on  which  all 
reasoning  processes  depend,  being  more  or  less  completely  obscured.  The  failure 
OBually  shows  it«elf^rif  in  the  power  of  Volitional  direction,  and  especially  in  the 
faculty  of  llecollection ;  in  proptortion  as  the  mind  is  unable  to  bring  the  results 
of  past  experience  to  bear  on  its  present  operations,  do  these  lose  their  connected- 
ness and  ennsistency;  and  at  last  all  tbe  ordinary  links  of  association  appear  to  be 
pcvered,  and  (as  in  the  most  incoherent  kinds  of  Dreaming)  the  sucet'ssion  of 
thoughts  cannot  be  accoutitcd-for  on  any  known  principles  of  psychical  action. 
All  this  may  occur  with  or  without  Emotional  excitement;  not  unfrcquent^y  the 
latter  occurs  in  paroxysms,  which  interrupt  the  otherwise  tranquil  life  of  the  sub- 
jects of  this  form  of  Insanity ;  and  it  is  not  at  all  incompatible  with  this  condition, 
that  there  should  be  a  specijil  excitability  upon  some  one  point,  which,  owing  to 
the  annihilation  of  the  Volitional  controlling  power,  acquires  a  temporary  pre- 
dominaDce  whenever  it  is  called  into  play.     It  is  the  general  characteristic,  how* 

■  6««  Dr.  Laycock's  "Treatise  on  tbe  Nenroua  Diseasce  of  Women,"  tn  which  these  tym- 
jMtkia  are  fully  dwelt  on. 

'  See  M.  Lallemftnd'.i  "  Treatise  on  Spermatorrhoen,'^  translated  by  Mr.  JIcDougal. — In 
some  of  tlie  cases  recorded  by  M-  LnllctnnDd,  the  moBt  extreme  mental  depreysioa  wu 
euf^ndered  by  the  presence  of  ascaridea  in  the  reotom  I 
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ever,  of  this  form  of  InnaDity,  that  tbere  are  do  tettkd  dcIosioDs  ;  the  mb!  "t 
being  disposed  to  dwell  long  upon  any  one  topic,  but  iirandering-off  in  a  n-n:. 
manner,  bo  as  speedily  to  lose  all  trace  of  the  gtartinp- point.     Sach  patienu  arc 
unable  to  recollwt  what  passed  tbrouph  their  thoughts  but  a  few  minute  pre- 
viooely;  if  any  object  of  desire  be  placed  before  them,  which   it  re<ii 
aistcnt  reasoning  process  to  attain,  they  are  utterly  unable  to  carry  tl> 
and  the  direction  of  their  desires  is  perpetually  varying,  and  tna> 
altered  by  external  suggestion.     CaM«  of  Intellectual  Insanity,  df  i 
this  form  of  the  disease  usually  does)  upon  structural  disorder  of  tl- 
are  less  amenable  to  treatment  than  are  those  of  the  other  forms  prt-- 
described  ;  and  their  tendency  is  usually  towards  complete  fatuity. 

707.  There  may,  however,  be  no  primary  disorder  of  the  Intellectual  faralliei; 
and  the  Insanity  may  essentially  cons^iRt  in  a  tendency  to  disordered  EmrttirHial 
excitement  J  which  aflFects  the  course  of  thought,  and  consequently  of  »rtion, 
without  disturbing  the  reasoning  processes  in  any  other  way  than  by  supplyicp 
wrong  materials  to  them.  Now  the  emotional  disturbance  may  be  either  grntnl 
or  tprcinl ;  that  is,  thero  may  be  a  derangement  of  feeling  upon  almost  evfiy 
subject,  matters  previously  indifferent  becoming  invested  with  strong  plearonble 
or  painful  interest,  things  which  were  previously  repulsive  being  greedily  soarbt, 
and  those  which  were  previously  the  most  attractive  being  in  like  manner  repelled; 
or,  on  the  other  hand,  there  may  be  a  peculiar  intensification  of  some  one  clw 
of  feelings  or  impulses,  which  thus  acquire  a  settled  domination  over  the  whole 
character,  and  cause  every  idea  with  which  they  connect  themselves  to  be  pre- 
snted  to  the  mind  under  an  erroneous  aspect.  The  first  of  these  forms,  tow 
^generally  termed  Moral  hmahity,  may  and  frequently  </'>?«  exist  without  «oj 
disorder  of  the  Intellectual  powers,  or  any  delusion  whatever;  it  being  (os  «« 
shall  presently  see)  a  result  of  the  generality  of  the  affection  of  the  Emotioail 
tendencies,  that  no  one  of  them  maintains  any  constant  bold  upon  the  mind,  oot 
excitement  being  (as  it  were)  driven-out  by  noother.  Such  patients  arc  anionr 
those  whose  treatment  requires  the  nicest  care,  but  who  may  be  most  benefitted 
by  judicious  influences.  Nothing  else  is  requisite,  than  that  they  should  exertiM 
an  adequate  amount  of  self-control ;  hut  the  best-directed  moral  treatment  rtnnc4 
enforce  this,  if  the  patient  do  not  himself  (or  herself)  oo-operate.  Much  anj 
be  effected,  however,  as  in  iho  education  of  children,  by  presenting  adequiti 
motives  to  self-control;  and  the  more  frequently  this  is  exerted,  the  loore  easy 
does  the  exertion  become. 

108.  The  more  limited  and  settled  disorder  of  any  one  portion  of  the  Emotiooal 
nature,  however,  gives  an  entirely  different  aspect  to  the  character,  and  prttdooei 
an  altogether  dissimilar  cffci-t  upon  the  conduct.  It  is  the  essentia]  feature  of 
this  state,  that  some  one  particular  tendency  acquires  a  dnminance  over  the  rest; 
and  this  may  happen,  it  would  seem,  either  from  an  extraordinary  *'  d 

of  the  tendency,  whereby  it  comes  to  overmaster  even  a  strongly-ext  i  ;- 

tional  control ;  or,  on  the  other  hand,  from  a  primary  weakening  of  the  Vvliii'inaJ 
control,  which  leaves  the  predominant  bias  of  the  individual  free  to  exercise  itself 
Again,  the  exaggerated  tendency  may  operate  (like  an  ordinary  Emotion),  either 
in  diofetly  prompting  to  some  kind  of  action  which  is  the  expression  of  it,  or  in 
UHKlifjing  the  course  of  thought,  by  habitually  presenting  erroneous  notioDa 
upon  the  subjects  to  which  the  disordered  feeling  relates,  as  the  basis  of  Intel* 
lectual  operations. — The  first  of  these  forms  of  Monomania  is  that  wbicb  is 
known  as  impuhive  Insanity ;  and  the  recognition  of  its  existence  is  of  peculiar 
importance  in  a  juridical  point  of  view.  For  whilst  the  liaw  of  England  only 
recognizes  as  trresponn'bfe,  on  the  ground  of  Insanity,  those  who  are  incapable 
of  distinguishing  nght  from  wrong,  or  of  recognizing  the  consequences  of  their 

'  This  form  of  Insanitj  ia  particuUrlj  oommoa  among  femalea  of  naturallj  'quiolt  (e»> 
per,'  who,  by  uot  placing  an  habitual  reatraiut  upon  themselves,  gradunlly  oeas*  to  rttiil 
•ojr  comaiaod  over  it. 
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aota,  it  .is  tmqaestionable  that  many  criminal  actions  are  committed  under  tlie 
irresistible  dominance  of  some  ins^ane  impulse,  the  individual  being  at  the  time 
perfectly  aware  of  their  evil  nature  and  of  bis  araenablencsa  to  punishment.' 
Sucb  an  impulse  may  lead  the  !)ubject  of  it  to  kill,  to  commit  a  rope,  to  Htenl,  to 
burn,  and  so  on,  and  thia  without  the  lea$it  intention  of  doin^  injury  to  another; 
and  many  iD.stAncea  have  nccurrod,  in  which  the  individual  thus  aifected  have 
voluntarily  withdrawn  themselves  from  the  circumstaucea  of  whose  exciting 
influence  they  were  con.scious,  and  have  even  bepged  to  be  put  under  restniint. 
— It  is  a  remarkable  fact,  moreover,  and  one  that  etrikiogly  confirmfl  the  vieV 
of  the  nature  of  Emotional  sUites  which  has  been  here  advocated,  that  the  insane 
impulse  appears  to  be  not  uixfref|ucntly  the  expresBion  of  a  dominant  »VA><7,  with 
which  there  is  no  siieb  association  of  pleasurable  feeling  as  makes  the  action 
prompted  by  it  an  object  of  <ii'*irr^  but  which  operates  by  taking  full  posseswiini 
of  the  mind,  and  by  forcing  (so  to  apeak)  the  body  into  the  movements  which 
express  it.  The  individaul  thus  affected  regards  himself  as  the  victim  of  a 
fiece-MiVy  which  he  cannot  resist,  and  may  be  perfectly  conscious  (as  when  the 
impulse  proceeds  from  a  fitrong  deflire)  that  what  he  is  doin^  will  be  injurious  to^ 
others  or  to  liim.velf.  This  state  bears  a  close  r<?8emblance  to  that  fjf  the  '  biolo- 
gized' subject,  who  is  peremptorily  told,  **  You  vivst  do  this,"  and  does  it  accord' 
inply  (§  (372);  and  it  is  one  that  is  particularly  liable  to  be  induced  iu  persona 
who  habitually  eiereise  but  little  Volitional  control  over  the  direction  of  their 
thoughts,  hy  the  influence  of  sugj^estions  from  without,  and  especially  by  occur* 
recces  which  fir  themselves  strongly  upon  their  attentiou.' 

'  The  folJowing  Tery  oharncterlBtic  exnrople  of  the  HomidJol  form  of  impulsive  Tnsiinitj, 
Is  given  io  tlie  Report  of  ihe  Momingside  (Edinburgh)  Lunatic  Asiylum  for  the  y<-Ar  1850. 
— The  ciise  was  that  of  u  female,  who  wns  not  affected  with  any  disorder  of  her  inlellectunl , 
powers,  and  who  laboured  under  no  deluftions  or  hnlluGinatton?.  but  who  was  tormented' 
by  "  a  simple  nhstnict  deairo  to  kill,  or  rather,  fur  it  ttmk  n  specific  form,  to'strnnjrle.  Shu 
mAde  repealed  attempts  to  effect  tierpurpone.  attncking  nil  and  sundry,  even  her  own  nieces 
and  other  relnttvea ;  iudeeil,  it  Hcemed  to  be  a  matter  of  indifference  to  her  uhom  she 
Strangled,  so  that  she  Buccee<led  in  killing  »omi»  one,  She  recoTered,  under  strict  discipline, 
mo  much  sielf-control  as  to  be  permitted  to  work  in  the  washing-bouNe  and  Inundry:  but 
she  still  continued  (o  assert  that  she  'must  do  it,'  that  she  was  '  oertnin  she  would  do  it 
some  day/  that  ebe  could  not  help  it,  that  ^surely  do  one  had  ever  suffered  na  she  had 
dooe,' — was  not  hers  '  an  awful  oaste;'  and,  approaching  any  one,  she  would  gently  bring 
ber  hand  near  their  thr'mt,  and  any  niildlj  and  persuasively,  '  1  would  just  like  to  do  it.' 
She  frequently  expressed  a  wi^h  that  all  the  men  and  women  in  the  world  had  only  one 
neck,  that  nhe  might  strnngle  it.  Yet  this  femalo  bad  kind  and  amiable  dispo^itionn,  wai 
beloved  by  her  felJow-palientti,  so- much  po  that  on«  of  Ibetn  insisted  on  skepiing  with  her, 
although  she  heraelf  declared  that  she  wns  afinid  she  would  not  b«  able  to  resist  the 
impulse  to  get  »ip  during  the  night  and  Mrnngle  her.  She  had  been  a  very  pious  iromaD, 
exemplary  in  her  conduct,  very  fond  of  attending  prayer-meetings,  and  of  visiting  tha 
oiok,  praying  with  theiu,  and  reading  the  Scriptures,  or  repeating  to  them  the  sermaiia 
she  had  heard.  It  wns  the  second  attack  of  insanity.  Duriog  the  former,  she  ha«l  attempted 
snicide.  The  disease  was  hereditary,  and  it  mny  be  believed  that  she  was  stri^ngiy  pre- 
disposed to  morbid  impulses  of  this  character,  when  it  is  stated  that  her  sister  nmi  mother 
both  committed  &utcide.  Tltere  couM  be  no  doubt  as  to  ihi*  liincerity  of  her  morbid  desires, 
She  was  brought  to  the  Institution  under  very  severe  restraint,  and  the  parties  wlio  brought 
bar  were  under  great  alarm  upon  the  restraint  being  removed,  j^ifter  its  remftal,  shftj 
made  repeated  and  very  determined  allacks  upon  (he  other  patients,  the  ntloiKlnnts,  aii4| 
the  officers  of  the  Asylum,  and  was  only  brought  to  exercise  aufScieut  self-contnd  by  •' 
system  of  rigid  discipline.  Thin  feitinle  was  perfeolly  aware  thnt  her  impul^ee  war*] 
wrong,  and  that  if  j>he  had  committed  any  net  of  violence  under  their  ititluence,  she  woald 
have  been  exptise*!  to  punishment.  She  deplored,  in  piteous  torms,  the  horrible  propensity  ' 
under  which  she  laboured." — In  the  Keport  of  the  same  Institution  for  lH^yi,  it  is  men- 
tioned  that  this  female  had  been  re-admitted,  after  nearly  stiooeeding  in  strangling  hor 
fitter's  child  under  the  prompting  of  her  homicidal  impulse.  "She  displays  no  delusion 
or  perversion  of  ideas,  but  is  urgcd-nn  by  tm  abstract  find  uncontrollable  impulae  to  do 
what  she  knows  to  be  wrong,  and  deeply  deplores." 

*  To  this  condition  are  to  be  referred  luany  of  the  insane  actions  which  are  oonimonl/ , 
■el-down  to  the  account  of  Imitalion.     This  term  would  be  best  restricted  to  that  state  of 
mind,  in  which  there  is  an  intention  to  imitate :  for  what  is  called  *  involuutary  imitatioa' 
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700.  In  most  forms  of  Monomania,  however,  there  is  more  or  len  of  tiiwHcr' 
in  the  Ideational  process,  leading  to  the  fonuation  of  positive  tMuMtont^t  ia0«> 
cinations,  that  is  to  say,  of  fixed  heliefs  or  '  dominant  ideas/  which  are  ra]p*M| 
iDcnn»istent  with  reality.  These  deluHioDS  are  not  attributable  to  oripn»l  per 
versions  of  the  rcasouiDg  process,  but  urite  out  of  the  perverted  Emotionil  fUt4 
This  gives-rise,  in  the  first  place,  to  a  mis-interpretation  of  actual  occarrenco  i| 
accordance  with  the  prevalent  state  of  the  feelinjjs  ( §  C23) ;  but  when 
order  has  bstcd  some  time,  ideas  which  have  bad  their  origin  in  the  Imag 
alone,  and  which  it  has  at  first  presented  under  a  very  transient  aspect,  are 
ally  dwelt-u]K)n  in  conscfjuencc  of  the  intt-reet  with  which  thoj  are  invested,  ai 
at  last  become  realities  to  the  consciouv^neiis  of  the  individaal,  siaiply  becaue  T 
has  not  brought  them  to  the  test  of  actual  experience.'     When  the  mind 

i«  merely  the  exprepsion  of  the  fact,  ilint  the  con»otou;nesfi  of  the  perfoTin*nc«  of  *  i 
Mt  by  one  individual,  g^ive^'rise  to  a  teudeocj  to  its  performance  by  the  other.  Tbu  i 
excitement  of  the  act  of  yawning  by  the  sight  or  sound  of  it  in  another,  is  a  simple  ^h*- 
nomenoQ  of  coruenmal  roovenibnt  proceeding  from  an  ezciting  tentalion.  And  in  like  nui- 
ner.  the  commission  of  f>uicide  or  homicitlc,  after  an  occurrence  of  the  same  kind  «bii 
hftg  preTiouBly  fixed  it«elf  Birongly  upon  the  rvttention,  is  an  ideo-motor  notion.  piMmi 
by  a  tvggf*iing  idea.  Thus,  it  is  well  known  that  after  the  suicide  of  L»ird  Castlei 
large  namber  of  persons  destroyed  tbemseWes  in  a  similar  mode.  Within  a  we 
the  "  PentODvillie  Tragedy,"  in  which  a  man  cut  the  throats  of  his  four  children 
bis  own,  there  wore  two  Bimilar  occurrences  ebcwhere.  After  the  trial  of  Henriette  Csh 
jiier  for  child-murder,  which  excited  a  considerable  amount  of  public  distcufviun  on  tbf 
question  of  homicidal  inpanity,  Escjuirol  was  consulted  by  numerous  naotbers,  who  wert 
haunted  by  a  propensity  to  demtrny  tlieir  ofri*|>ring. — The  folJowiog  is  a  remarkable  eiampk 
of  the  tuddfn  domiMation  of  a  morbid  impulse,  to  which  uo  tendency  seems  to  hat*  beta 
previously  eiperieuced,  and  which  rvppeiirs)  to  hare  been  altogether  dc%-oid  of  any  emotiaBil 
chanicter.  l>r.  Oppeiihelta,  of  HiiiDburph,  having  received  for  dissection  Ibe  body  of  a 
miin  who  bad  committed  suicide  by  cutting  Lis  throat,  but  who  had  done  this  to  »ucb  i 
mitnner  that  his  death  did  not  take  place  until  after  an  interval  of  great  suffering,  jokingly 
remarked  to  his  attendant, — '^1f  you  have  any  fancy  to  cut  your  thront,  don't  do  ii  is 
?ucb  a  bungling  way  its  this;  a  little  more  to  the  left  here,  and  yuu  will  cut  the  carotid 
artery."  The  individual  to  whom  this  duiigcroua  advice  was  addressed,  was  a  sober.  MMJy 
man.  with  a  family  and  a  comfortable  subsisteiice  i  be  had  never  tuanifeated  the  eligbtett 
tendency  to  suicide,  and  had  no  motive  to  commit  it  Yet,  strange  to  fay,  the  ngfat  of  tie 
corpse,  and  the  observation  made  by  Dr.  O.,  suggested  to  hie  mind  the  ides*  of  self-dwrnj*- 
tion ;  and  this  took  such  firm  hold  of  him  that  be  carried  it  into  execution,  fortuoaltiy, 
however,  without  duly  profiting  by  the  aoatomical  instructions  be  hud  received  ;  for  he  did 
not  cut  the  carotid,  aud  recovered. 

'  The  Author  was  led,  several  years  since,  to  the  formation  of  the  view  above  enunciat«l 
with  regard  to  the  Emotional  source  of  most  if  not  all.the  dtlutiom  of  the  Topaoe,  by  ikt 
careful  observation  of  a  case  in  which  the  grnduHl  formation  of  such  delusionii  could  b« 
traced,  and  iti  which  the  vuryiug  tenacity  of  their  hold  over  the  belief  (which  sonieiimct 
appeared  disposed  tu  get  rid  of  them)  corresponded  exactly  with  varying  degrees  uf  intso- 
sily  of  the  dominant  emotion.     Having  been  led,  by  hia  interest  in  this  case,  to  make  paf> 
ticular  inquiries  ss  to  the  poiit  in  question,  among  those  whose  experience  of  Insanity  i 
been  far  more  extensive  tlian  his  own,  ho  has  obtnine<]  frtim  them  full  confirmation  of 
view  above  expressed.     Thus  Dr.  Skae  remarks  in  the  "  Morningside  Report  "  for  )( 
that  "  nothiuit  can  be  further  from  tlie  truth  than  to  believe  that  in  every  ca»e  of  Iumii 
there  must  be  some  delusion,  or  some  perturbation  of  the  intellect.     Of  all  the  featu 
lusEDitf,  morhid  impuUft,  auction*,  aud  J'rtiing*,  and  the  lot*  oj  eontrui  over  lApm,  arc  tb 
most  esi>ential  and  constant.     Delusions,  illusions,  and  hallucinations  are,  comparatively 
speaking,  the  accidental  concomitants  of  the  disease.     The  former,  perhaps,  invariat 
accompany  the  iuvasion  of  the  disease  ;  the  latter  are  frequently  only  developed  durii;g  i 
progress,  aud  are  sometimes  never  present  at  all." — It  is  not  a  little  interesting,  in  tl 
connexion,  as  well  h»  in  the  additional  relation  which  it  indicates  between  Insiu>ity  aud 
various  phases  of  Deliriutn,  Dreaming,  kc,  that  the  /lariiailar  dtlvioit  seems  often  to] 
suggested  by  accidental  circumstMnces,  the  mind  being  previously  under  the  influtuce 
some  morbid  tendency  which  gsve  xhv  gmtrat  dirtcdon  to  the  thoughts.      Thus  we  find 
mentioned  in  the  "Muruingside  Report,"  for  1850,  that  the  Queen's  public  viait 
land  seemed   to  give  n  special  direction  to  the  ideas  of  several  individuals  who 
inSBue  at  that  period,  the  attack  of  insanity  being  itself  in  some  instancea  traceable 
excitement  iutluced  by  that  event.     One  of  the  patit-nts,  who  was  affected  with  purr 
mania,  believed  (hat,  in  consequeDce  of  her  cnufiueujeut  having  taken  plavr  vu  ■« 
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once  yielded  itseit  up  to  ctie  domiDsnce  ot  thesie  erroDeoua 
be  dispeUed  by  arty  process  of  rcassonitig;  for  it  results  from  the  very  nature  of 
the  previous  habits  of  thought,  that  the  reasoning  powers  are  weakened,  and  that 
the  voHlioual  coutrol,  through  want  of  exercise,  can  no  longer  he  exerted.'  And, 
coQsequently,  although  a  vigorous  detonniDation  to  get-rid  of  the  ideas  which 
ftre  felt  to  be  errooeous,  and  to  keep-down  the  eoiotinual  tendency  whose  esagge- 
ratioD  is  the  essence  of  the  disorder, — in  other  words,  a  slroiif;  effort  of  self-con- 
trol,— may  be  effective  in  an  early  stage  of  this  condition,  yet,  when  the  wrong 
habits  of  thought  have  become  settted,  little  can  usually  he  dune  by  way  of  direct 
attack  upon  thoni ;  and  the  most  cBieacious  treatment  ct)nsistH  in  the  encourage- 
ment of  the  general  habit  of  self-con ttol,  and  in  the  withdrawal  of  the  mind,  so 
far  aa  may  be  possible,  from  the  morbid  state  of  action,  by  presenting  to  it  othei 
aources  of  ioterestiag  occupation.' 

710.  A  disordered  »Uk%e  of  the  Ecaotiooal  nature  seema  to  be  an  essential  cha- 
racter of  that  condition  which  is  usually  designated  as  Ht^afenn.  There  are  cer- 
taiQ  forms  of  this  disorder,  which  graduate  insensibly  into  Moral  Insanity  or 
IVIoitomania;  hut  it  more  commonly  muuifesta  itself,  in  the  first  instance  at  least, 
in  an  exaggeration  iif  ordinary  emotional  excitement  and  of  its  external  manifes- 
tations, such  us  smiles  and  tears,  laughter  and  crying,  which  are  strangely  inter- 
nainglid,  and  are  brought-on  by  the  slightest  disturbance  of  the  feelings.  That 
the  deficiency  lies  rather  in  the  power  of  controlling  the  thoitijidi  and  feelitujiy 
than  in  that  of  directing  the  actions  of  the  viundes,  appears  from  the  fact  that 
Hysterical  patients  can  often  be  caused  to  restrain  themselves,  either  by  the  pre- 
sentation of  some  powerful  motive  (aa  the  threat  of  severe  discipline  in  the  event 
of  the  return  of  the  paroxysm),  or  through  the  more  gradual  cultivation  of  the 
power  of  Will  in  repressing  the  first  access  of  emotional  excitement,  by  the  with- 
drawal of  the  mind  from  the  contemplation  of  all  that  induces  it.  For  in  such 
individuals,  the  iuvoluntary  movements  are  but  the  esprossion  of  an  unhealthy 
BUte  of  mind;  in  whieh,  either  from  an  injudicious  system  of  education,  or  from 
habitual  want  of  self-control  on  the  part  of  the  individual,  the  Emotions  are 
•.llowed  to  exercise  unchecked  dumination;  and  in  which  the  Will  is  at  last  bo 
weakened,  that  the  subject  of  the  disorder  can  scarcely  be  conf^idered  as  a  respon- 
sible being.  There  are  other  Hysterical  cases,  again,  in  which  there  is  less  of 
mental  disorder,  but  a  greater  physical  excitability  of  ihe  nervous  systom  (§  723)  j 
so  that  most  violent  paroxysms  of  a  tetanic  or  epileptic  character  are  induced  by 
very  slight  stimuli ;  and  any  emotional  excitement  may  act  as  one  among  these 
Stimuli,  without,  however,  being  at  all  excessive  in  its  amount.     IJere,  too,  the 

remurknble  ocension,  she  tntist  have  frivon  birth  to  a  person  of  ToytA  or  dh'iiie  dignity. 
During  the  religiuu?  excitement  wliiiib  provuiled  at  the  time  of  the  'disruption'  at  tha 
flcotlibh  Church,  nu  unusually-large  number  of  patienta  were  admitted  into  ibe  Tarioua 
ssvlnms  of  ScotlaoJ,  Inbourtng  uDilcr  ilctuHions  connected  with  religion;  the  disorder 
having  here  also  doubtlesa  cominence<l  in  an  exaggeration  of  this  class  of  ferlings,  and  the 
erroneous  Mirf$  having  been  fiirtnLMl  under  their  influence.  Agnin,  in  the  Report  of  the 
enme  luBtitution  fur  1K5I,  it  id  etutcd  that,  na  in  former  iniitances,  "  the  current  topica  of 
Ihe  daj  gave  oolouringatid  form  to  the  delusions  of  the  disordered  Thdcj.  We  huve  ibua 
bad  no  less  than  five  indiTiduala  admitted  during  the  year,  who  believe  themeolves  the  vie- 
tjtns  of  "  Metinierii;  agency," — a  sort  of*  Mesmerio  mania  '  having  h&^n  (;revu1eut  in  Edin- 
burgh daring  that  period, — "  three  of  the  inmates  talked  much  of  California,  and  of  the 
bags  fntl  of  gold  which  thej  had  ohtuined  from  (be  diggingn;  undone  of  them  arrived  at 
the  perauanion  that  bis  body  vas  trunsniuted  into  gotd."^That  Insanity  commenaeo  in  a 
disordered  Emotional  Jilate,  ia  a  doctrine  lung  aince  advocated  by  M.  Ouislain  ("Traits 
des  PbrtSnopatbieii,''  and  "  Let^ong  (Jrulea  sur  les  Maladies  Mentaloa  ")  j  but  he  otily  recog- 
niMs  one  form  of  this  disorder,  that  of  puinful  seusibitity  of  mind. 

*  If  an  attenapt  be  made  to  reason  a  patient  out  of  a  delusion,  by  demonstrating  ita  com- 
plete inooD«iHtency  with  (he  most  obvious  tracts,  the  reply  will  be  usually  something  to  this 
cdect, — "  I  have  stronger  evidence  than  anything  whiub  you  can  urge — the  evidence  of  my 
own  feelingB." 

•  See  aa  excellent  little  esaaj  by  the  Rer.  J,  Barlow,  on  *'  Man's  Power  over  himself  to 
prerent  or  control  Insanity." 
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"Will  may  have  a  perfect  control  over  tbe  muscles,  at  all  other  titties  than  when 
they  are  thrown  into  violent  action  by  the  reflex  excifabilily  of  the  AototnAlic 
centres ;  and  the  treatment  of  such  cases  must  be  in  great  drsree  <lirectc<1  to 
the  removal  of  this  excitability,  which  frequently  depends  upon  some  morbid 
condition  of  the  uterus  or  ovaries.  At  the  same  time,  there  is  no  doubt  that  an 
habituiilly  perturbed  state  of  the  Emotions,  and  especially  in  those  relnting  to 
BC-xuul  love  (§  723,  nok-),  has  a  mo»t  decided  influence  both  in  first  inducinpand 
in  subsequently  maintaininfr  this  automatic  excitability ;  and  that  whilst  mental 
traiKjnillity  and  self-rcprulatinn  are  almost  esMsntial  to  recover}',  notbing  promotes 
it  po  much  as  the  supervention  of  a  more  favourable  state  of  feeling,  arisinsr  mi 
of  tbe  prospective  realization  of  desires  repressed  or  of  hopes  deferred.  Althoagh 
Hysteria  ia  bo  much  more  common  in  the  tVmnle  than  in  tbe  male  sex,  that  it  Hm 
been  often  supposed  to  be  peculiar  to  the  former^  and  to  be  essentially  ciinnected 
with  some  dii^ordered  state  of  (he  jrenerative  function,  yet  there  is  no  doubt  of  its 
occasional  occurrence  in  the  latter  also;  and  its  greater  frequency  in  Woman  may 
be  fairly  attributed  to  tbe  greater  predominance  of  the  Emotional  element  in  ber 
meata)  conetitution ;  as  well  as  to  the  circumstiince,  that  in  all  that  relates  to 
sexval  love,  she  is  fn'qucntly  rcstmined  by  a  sense  of  decorum  from  givinji  out- 
ward expression  to  feelings  which  she  is  secretly  broodinp-over,  and  whosi*  injurioos 
iuflucnce  she  is  eiaggeratinp  by  the  attention  she  gives  to  them.  Wher*  the 
natural  vent  is  not  fvund  for  those  emotions  in  a  reciprocated  attachment,  lh< 
principle  formerly  laid-down  (§  640)  would  indicate,  that  the  mind  should  be  led 
to  seek-out  for  itself  other  objects  of  interest  sufficiently  attractive  to  solicit  it] 
attention,  and  that  the  pent-up  excitement  should  be  encouraged  to  dischirpe 
itself  on  these ;  and  experience  shows  that  such  is  a  most  importiint  part  of  the 
cure  for  these  sfatos,  provided  that  motives  can  be  found  of  sufficient  strength 
to  influciicf!  the  Will  to  exert  its  selfdireetlng  power' 

711.  The  disorder  of  tbe  Ideational  process  which  is  induced  by  KraotioMl 
perversion,  frequently  leads  to  the  formation  of  those  erroneous  nolions  of  tfce 
nature  of  the  external  objects  whereby  the  subject  of  it  is  environed,  which  «rc 
commonly  termed yu/#c  perception*.  It  is  not  clear,  however,  how  far  the  set  of 
Perception  (using  this  term  in  the  sense  to  which  it  is  properly  restnctr>ii,  §  ti'W) 
is  itsolf  perverted  in  such  cases;  and  it  is  certain  thnt  the  source  of  the  distor- 
tion frequently  lies,  chiefly  or  even  solely,  io  the  Emotional  medium  tbroogh 
which  tbe  perceptions  are  interpreted  (§  628).  Thus,  a  Lunatic  who  is  pt»sessed 
with  an  exaggerated  feeling  of  his  own  importance,  may  suppose  himself  to  bet 
ftjvereign  prince;  and  under  tbe  influence  of  this  'dominant  idea,'  looks  upcm 
the  place  of  his  confinement  as  his  palace,  believes  his  keepers  to  be  his  uwe- 
quious  officers,  and  bis  fellow-patients  to  he  his  obedient  subjects;  the  plaifU'it 
fare  is  converted  into  a  banquet  of  the  choicest  dainties,  and  the  most  boniely 
dress  into  royal  apparel  His  condition,  therefore,  closely  corresponds  with  thtt 
of  a  '  biologiscd '  subject,  whose  mind  uiny  become  'possessed'  for  a  time  by 
(timilar  ideas,  through  the  influence  of  oxternal  suggestion  (§  672"),  and  who  I» 
not  undeceived  by  their  discordance  with  objective  realities,  because  the  fores 
with  which  the  consciousness  is  impressed  by  the  latter,  is  lef^*)  than  that  witb 
which  it  is  acted-on  by  the  former.  Now  and  then,  perhop*.  tho  lunatic,  lik« 
the  biologized  subject,  is  visited  by  a  gleam  of  common-sense,  whi;-h  enablts  him 
to  view  certain  objecta  in  their  true  light,  so  that  ho  becomes  Sfu/ible  of  Kitue 
inconsistency  between  his  real  and  bis  imaginary  condition  ;  thus,  a  patient  in  ■ 
Scotch  pauper-iunatifl  asylum,  after  dilating  upon  tbe  imaginary  splcodonrs  of 
bis  rt'gnl  sUitQ,  confciised  that  there  was  one  thing  which  he  could  not  quite  com- 
prehend, namely,  that  all  his  food  tested  of  oatmeal! — It  is  not  only  in  iDsaaity, 
however,  that  we  witness  tbe  influence  of  dominant  ideas  or  feelings  in  produeiog 
a  mieinterpretatioD  of  8t,'Usattonal  states;  for  we  bave  already  noticed  iustauce^i 

'  For  a  ugaoioas  analjaia  of  this  condition,  and  of  the  reme<]iea  for  it.  »e«  a  s»all 
treatise  b;  Mr.  K.  H.  Cnrtor,  "  Ou  tLe  Patholojjj^  aud  Treatment  of  llysterU."  * 
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in  vliich  the  same  influence  was  apparent  in  the  ordiDarj  working  of  the  same 
iniad  (§§  600,  GOl).  The  fulluwitig  example  of  such  an  influence,  afiVcting 
several  individuals  ftimultaneoui^ly  in  a  similar  maaner,  ia  mentioned  by  Dr.  Hib- 
bert  in  his  wt'll-kuowri  Treatise  on  Apparitions.  A  whole  ahip'a  couipanj  was 
thrown  into  the  utmost  consternntion,  by  the  appantion  of  a  cook  who  Lad  died 
a  few  days  before.  He  was  distiuctly  seen  waJktng  a-hcad  of  the  ship,  with  a 
peculiar  pait  by  which  he  was  distinguished  when  olive,  tbrounjh  having  one  of 
bis  legs  shorter  than  the  other.  On  steering  the  ship  towards  the  object,  it  waa 
found  tu  be  a  piece  of  floatini^  wreck. — Many  similar  eases  might  be  referred-to, 
in  which  the  imagination  has  worked-up  into  'apparitions'  some  commoa-place 
objects,  which  it  baa  invested  with  attributes  derived  from  the  prevjau3  mental 
Htate  of  the  observer;  and  the  belief  in  such  an  apparition  as  a  reality,  which 
lisaally  exists  in  such  cdscs,  unless  antagonized  by  au  effort  of  the  reason,  con- 
atituti'S  a  drliisitjTi.  The  origin  of  such  defuKwns  is  thus  esseDtialty  Cc^ebra^J 
whilst  that  of  pure  illusfofni  is  probably  Sensorial  (§  71G).  In  many  cases,  how- 
ever, there  ia  probably  a  disordered  action  of  l^ofh  centres  from  the  same  cause,  as 
is  obviously  the  case  in  those  forms  of  Delirium  which  have  a  luxic  origin  (^§  702).' 
71-.  Without  any  Mental  perversion  indicative  of  either  structaral  or  func- 
tional disorder  of  the  Cerebrum,  there  may  exist  a  partial  severance  of  it.>*  con- 
nection with  the  motor  apparatua ;  so  that  there  is  a  wcakeninp  of  Volitional 
power  over  the  muscles,,  whilst  they  still  remain  amenable  to  the  stimulus  of 
£tuotion,  which  seems  to  proceed  immediately  from  the  Sensory  Ganglia ;  and 
in  such  cases,  as  might  he  expected,  the  influence  of  sensory  impressions  in 
directly  exciting  muscular  movements,  ia  very  strongly  marked.*  Of  the  precise 
alterations  which  give  rise  to  these  peculiar  conditions,  nothing  whatever  is 
known, — Nearly  allied  to  this  state  is  that  which  gives  rise  to  the  *  jactitating 
con\Tilsion,*  iulerfering  with  volitional  movementj  which  is  known  as  Vhurra, 
On  the  phygiological  views  here  advotrated,  this  disease  must  be  regarded  as  con- 
sisting essentially  in  the  diuiinution  of  the  power  of  the  Will  (cierted  through 
the  Cerebrum)  over  the  muscular  apparatus,  concurrently  with  an  augmented 
and  perverted  activity  of  the  Sensori-motor  centres.  That  its  special  seat  is  at 
the  summit  of  the  Cranio-Spioal  axis,  where  it  comes  into  connection  with  the 

'  Two  interesting  Essays  on  '  Hallucinations,'  b;  M.  Mioli^a  and  B&illaiger,  irill  be 
foond  in  "  M6m.  de  I'Acad.  Roy.  de  M^^deciue/'  torn.  xii. 

*  Of  this  curious  state,  tbo  following  example  waa  cotnmuDicated  to  the  Author,  some 
jean  since,  by  hi»  frienii  Dr.  Noble. — "  Mr,  R.  tet  4i,  of  a  ttan^cuine  nervous  tempera- 
ment, &  married  roan,  aad  father  of  eev(.>ral  children,  tlie  youngest  being  but  tuo  tnontba 
old,  exhibited  the  following  syuptomH,  first  experieuced  in  a  slight  degree  about  five  years 
ago,  iind  siaoe  tbpQ  having  becume  much  aggravated,  the  climax  baidn^  apparently  t>een 
attained  about  two  years  ago. — There  was  partial  paralysis  of  voluntnry  tuotion  upon  the 
left  side,  exhibiting  under  ordinnry  oircutustances  the  custoinsry  phenomena ;  but  with 
thifl  peculiarity, — that  although  Volition  waa  comparatively  powerless,  any  incident  cx- 
citor  impression  of  an  unusunl  character,  by  exciting,  as  it  were,  Consenaunl  action,  would 
give  effect  to  the  voluntary  iateation;  thus,  when  the  affected  arm  was  raised  by  another 
to  a  certain  height,  the  patient  v^»  uaablc  by  mere  volition  to  clevtito  it  still  more ;  but 
if  the  hand  were  smartly  struck  or  blowa-upon  either  by  himself  or  by  another,  move- 
ment of  a  rapid  character  would  at  once  ensue,  and  tbat  too  in  conformity  with  tho 
volitional  effort.  Upon  inquiry,  moreover,  it  appeared  that  any  nnwonted  impression 
upon  the  internal  as  well  as  the  exttfrnal  senses  waa  capable  of  toadtng  to  a  reaiixatioq 
of  the  effort  vainly  attempted  by  the  mere  Will ;  hence  by  accomplishing  the  commence- 
ment of  a  run  ur  trot  by  aid  of  ttume  undue  impresstoo,  he  could  go  on;  he  stated,  on  tho 
case  being  propoiied,  that  if,  in  utter  paralyuis  of  voluntary  power  over  the  masoles,  a 
hundred-pound  note  were  suddenly  placed  before  his  vision,  and  he  were  totd  that  on 
Belling  it  the  same  should  be  his,  he  should  at  once  be  equal  to  the  requisite  effort — When 
in  health,  Mr.  K.  stated  that  he  had  excellent  controlling  power  over  the  Emotions,  but 
that  now  the  pleasure  and  the  pain  attendant  upon  their  excitation  were  exalted,  and  tb« 
cousensuiil  phenomena  quite  irresistible;  and  on  further  inquiry  it  appeared  that,  in  tfa« 
matter  of  laughing  and  crying,  he  exhibited  very  much  of  the  hysterical  condition.  In 
parly  life,  Mr.  R.  had  been  what  ia  called  a  free  liver;  both  in  regard  to  women,  aad  to 
alcoholic  Btimulauts." 
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Cerebnim,  would  appear  from  several  eonsiJeratioaa,  particularly  from  the  inter- 
ruption of  voluntary  power,  the  apgravutioa  of  the  iuoveiueDt£  by  cuiotiou,  and 
their  cessation  during  fileep  ;  the  two  latter  facta  beiog  incon^ii^tent  with  the  idea 
tli»t  the  proper  Spinal  ccatres  are  esseutiuUy  involved,  allhouph  they  are  fre- 
queutly  affected  coincidently  or  eubscqueolly.  The  Choreic  convulsion  is  occa- 
sionally hemiplegic ;  and  it  gomotiuies  gives  place  to  paralysis,  which  ia  eeldom 
coinpk-te,  however,  ami  may  usually  be  cured  by  appropriate  trcatnieot.  Thi« 
dihOidcr  appears  generally  traceable  to  a  state  of  imperfect  natritioo,  dependent 
upon  a  depraved  and  perhaps  a  poisoned  state  of  the  blood,  rather  than  to  any 
organio  lesion.'  Not  onfrcquently,  the  defect  of  nutrition  seems  to  act  m  the 
*  predippoeing  eau*c'  of  the  dieeahc ;  the  attack  being  imiuediatcly  traceable  to 
'ttiental  emotion.* — But  there  are  other  states  of  less  intensity,  in  which  Etno- 
iional  ezctteiTient  has  a  morbid  power  of  inducing  muscular  movements; 
this  not  ihriiugh  any  deficiency  of  due  control  over  the  feelings,  but  oft^n 
currently  with  a  want  of  power  to  bring  the  Will  to  bear  upon  the  niosoli 
Thus,  there  arc  individuals  not  at  all  retuurkable  for  their  emotional  cxcit:ibilif 
who  cannot  avoid  making  the  most  extraordinary  grimaces  whenever  anything 
happens  which  in  the  lieat<t  disturbs  their  ukuuI  equanimity,  notwithstanding  that 
they  may  put-forth  aH  the  efforts  in  their  power  to  prevent  these.'  The  gcncnJ 
muscular  agitation  of  the  confirmed  Stammerer  (§  821)  is  another  case  in  point; 
Lore  we  have  a  deficiency  in  the  power  of  the  Will  over  the  Muscles,  at  first 
displayed  only  in  regard  to  those  of  Voice ;  but  wlien  feelings  of  discomfort  have 
been  aroused  by  the  failure  of  attempts  to  articulate,  this  want  of  voluntary  con- 
trol extends  itself  to  the  tuu^cnhir  jiyHtcm  in  general,  which  is  thrown  into  a  sort 
of  paroxysmal  effort,  that  usually  subsides  only  with  the  explosion  of  the  desi- 
derated sound. 

713.  The  Sfn»»ry  Gangfi'a,  collectively  constituting  the  Seruurivm,  maybe 
regarded  as  the  most  essi-ntiul  part  of  the  Eneephalon  ;  sioee  we  find  them  folly 
dcTvlopcd  in  aiiiiuals  which  scarcely  possops  a  rudiment  of  a  Cerebruni,  and  pre- 
Benting  the  same  relative  condition  to  the  latter  in  the  early  embryo  of  Man. 
They  directly  receive  the  nerves  proceeding  from  the  organs  of  Special  Sens*?, 
each  pair  of  which  has  its  own  distinct  ganglionic  centre;  and  they  receive  aL»o, 
through  the  (so-called)  Crura  Cerebri,  the  nerves  of  'common  sensntiou/  whote 
gaoglionic  centre  ajiinurs  lo  lie  in  the  Thalami  Optici.  They  give-off  a  large 
number  of  motor  fibres,  which,  descending  through  the  Crura  Cerebri,  arc 
distributed,  with  the  fibres  proceeding  from  the  Spinal  Ganglia,  through  the 
Various  motor  trunks,  to  the  muscular  pystem  generally.  Ou  the  other  haod, 
by  one  set  of  the  radiating  fibres  of  the  Cerebral  subsianoe,  they  transmit  sen^- 
rial  impressions  upwards  lo  the  vesicular  surface  of  the  Hemispheres;  wbil»t 
conversely,  by  its  descending  fibres,  thoy  receive  the  imprcB$<ioits  transmitted 
downwards  from  the  Cembrnl  ganglia  ;  and  thoy  thus  constitute  ihe  tnedium  by 
which  alone  the  Cerebrum  communicates  with  the  Organs  of  Sense  on  the  ODC 
band,  and  with  the    Muscular  apparatus  on    the  other. — The  Sensory  Gangli* 

'  See  Dr.  Todd's  Lumteian  l/cctures  'On  tbe  Palliology  and  Treatment  of  Cooruliite 
Diseaaes  '  id  the  "  iledicul  Gazette,"  April  20  and  27,  1849. 

*  A  remarkable  nuruber  of  cA»efl  of  Chorea  were  admitted  into  the  Brictol  laSmuy 
vUhio  a.  few  wi-i'ka  artvr  the  memorable  Riots  of  1833, 

'  The  Author  hna  at  present  a  case  under  his  observation,  in  wbieb  not  merelj  tib* 
face,  but  the  builji-  ntjtl  limbs,  are  thrown  into  the  most  extraordinarj*  contortiooa,  tt{ 
any  agitutiun  of  the  feelings,  however  trifling.  This  pentleninn,  a  man  of  edacotioni 
iatelUgciiGC,  of  extreme  b«i)eTotence  of  character,  uid  a  mind  habitually  nell-rrgulali 
eon  acnroely  walk  ihe  streets  without  boing  liable  to  the  induction  of  parosj-eni)*  of  ibi* 
kind,  hy  causes  that  could  ecnrcely  have  been  supposed  capable  of  thus  operating.  K«r 
example,  he  wns  one  day  seized  by  one  of  these  attacks,  in  coneequence  of  se«inc  » 
man  miss  his  footing  (as  he  thought)  in  deacending  from  the  top  of  an  umuibv^;  tad 
the  pleaiiurmble  excitement  of  meeting  a  friend  xuually  induces  the  same  result  Th« 
tendency  varies  very  considerably  in  ita  degree,  according  to  the  general  oooditioa  of  hi* 
health. 
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ast  be  regarded  aa  collectively  forming  the  Sfntortum,  through  whose  instru- 
ineTitalitj  the  IMind  is  rendered  conaciuus  of  iDipressions  made  on  the  Orguoa  of 
8cD8C ;  aod  reasons  have  been  advanecd  for  the  belief,  that  it  also  serves  as  the 
iDStruiDent  whereby  the  Conscinusneiia  is  affected  by  Cerebral  changes,  which,  in 
so  fur  as  they  take  place  imJcpciHicialy  of  the  Will,  arc  the  cause  and  not  the 
consequence  of  Mental  activity.  This  impression  on  the  consciousness,  when 
made  by  an  external  agency  operating  through  the  sensory  nerves,  ia  that  which 
B  known  as  Srttmfkm:  but,  when  produced  by  Cerebral  changes,  it  coustitutcs 
Itlfotion.  With  these  states  of  consciousness  are  directly  associated  the  simple 
ftrfi»ijs  of  pleasure  and  pain,  together  with  other  modes  of  seufibility,  which 
trc  dcjtignated  as  ^lilstbetic,  Moral,  Emotional,  &e. ;  together  with  that  direct 
perception  of  rcalify,  whether  in  the  eiternal  universe  fobjective),  or  in  the 
•world  of  ideas  (subject'vve),  which  is  termed  Jnfuiti'on.  The  seat  of  affections 
of  the  conscieui*ncss  which  are  so  directly  linked-oa  to  Sensations  ns  with  diffi- 
culty to  be  separated  from  them,  can  scarcely  be  other  than  Sensorial. — The 
'  reflex  action '  of  the  Sensory  GaDglia^  which  proceeds  from  their  own  inde- 
pendent activity,  is  manifested  in  lill  those  aufomafic  movcmenta,  which  are 
excited  through  8cnsa(ion.s,  and  which  may  hence  be  designated  aa  comrnsitat  or 
aemaori.motor.  These  actions  are  but  little  noticed,  in  Man,  in  the  active  state 
of  his  Cerebrum;  fur  the  automatic  movements  on  which  the  maintenance  of 
bis  organic  functions  ia  immediately  dependent,  are  provided-for  by  the  Spinul 
centres  ;  and  the  purposes  which  are  answered  in  the  lower  animals  by  the  higher 
order  of  Instinctive  actions,  are  worked-out  in  him  by  llie  Intelligence.  There 
is,  however,  a  large  group  of  strondarifg-a  utomafic  muvcmenta,  which  though 
originally  determined  by  (he  Will,  are  brought  by  habit  so  far  under  the  direct 
influence  of  sensations,  that  they  continue,  whilst  prompted  and  guided  by  the 
latter,  after  the  Will  has  ceased  to  act. — The  operation  of  the  Sensory  Ganglia 
in  Man  is  usually  eubservient  to  that  of  the  Cerebrum  ;  for  the  influence  of  Sen- 
sational changes,  being  propagated  upwards  lo  that  organ,  excites  further  changes 
in  it;  these,  reflected  downwards  to  the  Sensori- motor  centres,  become  the  sources 
of  idL'utionul  or  of  emotional  niovemeuta^  aud  the  determining  power  of  the 
Will,  in  producing  volitional  niovcmcnU,  is  exercised  through  the  same  channel. 
It  is  a  remarkable  indication  of  the  participation  of  the  Sensorial  centres  even 
in  volitional  movementj  that  these  cannot  be  executed  save  with  the  concurrence 
oi  i/uidinij  Kiuatimts. 

714.  The  extent  to  which  the  Sensory  Ganglia  may  act  as  independent  centres 
of  action,  is  best  seen  in  cases  in  which  the  functions  of  the  Cerebrum  are  en- 
tirely in  abeyance.  This  may  happen  through  congenital  dufect,  aa  in  some 
cases  of  complete  Idiocy,  especially  among  the  Cretins  of  the  *lirst  degree/  who 
spend  their  whole  time  in  basking  in  the  suu  or  sitting  by  the  fire  (experiencing 
luerely  sensoirial  pleasure),  and  who  show  no  higher  traces  of  intelligence,  than 
is  evinced  by  their  going,  when  excited  by  hunger,  to  the  places  whorfe  they  have 
been  accustomed  to  receive  food.  It  may  oc-cur,  too,  as  a  consec^uenee  of  disease 
or  injury.  Of  this  we  have  an  example  in  a  case  mentioned  by  Dr.  Rush,  of  a 
man  who  was  so  violently  affected  by  some  losses  in  trade,  that  he  was  deprived 
almost  inatantly  of  his  mental  faculties;  he  did  not  take  the  slightest  notice  of 
anything,  not  even  expressing  a  desire  for  food,  but  merely  receiving  it  when  it 
was  put  into  bis  mouth;  a  servant  dressed  him  in  the  morning,  aud  conducted 
him  to  a  seat  in  his  parlour,  where  he  remained  the  whole  day,  with  his  body 
bent  forwards,  and  his  eyes  fixed  on  the  floor;  in  this  state  he  continued  for  five 
years,  and  then  recovered  completely  and  rather  suddenly.  The  well-known  case 
of  a  sailor  who  suffered  for  more  than  a  year  from  depressed  fracture  of  the 
skali,  and  was  at  la>it  restored  to  his  normal  condition  by  the  elevutiun  uf  the 
depressed  bone  (which  was  effected  by  Mr.  Cline),  affords  another  illustraiion  of 
the  same  suspeui-ion  of  cerebral  activity,  without  the  loss  of  sensorial  power; 
this  maa  passed  the  period  between  the  accident  and  the  operation  in  a  oonditioa 
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very  siroilar  to  that  of  the  subject  of  the  preceding  case ;  nnd  after  his  reeorery, 

the  whole  inten'enjog  space  was  a  perfect  blank  to  bis  recollection.  The  most  re- 
innrkablc  example  of  this  condition,  however,  yet  put  on  record,  I8  a  ose  which 
oct-urrcd  a  few  years  ago  under  the  observation  of  jlr.  Dunn,'  of  whose  excellent 
account  an  sbridguient  is  here  given,  for  the  eaie  of  illustratinp  the  nature  of  • 
purely  tensoriol  and  imlinctivr,  as  distinguished  from  an  inteUigfnl  eiiMence, 
aod  the  gradual  nature  of  the  transition  from  the  one   to   the  other.*    A  very 

'  "Lancet.,"  Nov.  16  and  29,  1845. 

*  The  subjfct  of  this  case  was  a  yoting  woman  of  robnst  confftitution  and  good  hcaltk, 
who  accidentallj  fell  into  &  river  and  was  nearly  drcwned.  She  remained  xiiMBBUe  far 
six  bourB  after  the  iminergion  ;  but  recovered  so  far  as  to  be  able  to  pTve  forne  accoant  of 
the  accident  and  nf  her  subfieriuent  foelinga,  though  «he  continued  far  from  *ell  Ten 
days  Bubecquently,  however,  she  was  seized  with  a  fit  of  complete  atupor,  whici  UMfd  for 
four  hours  ;  at  the  end  of  which  lime  ^he  opened  her  eyes,  but  did  not  eeeni  to  lecoptiM 
any  of  her  friends  aronnd  her:  and  she  appeared  to  be  utterly  deprived  of  the  oumi  «f 
bearing,  taste,  and  smell,  as  well  as  of  the  power  of  speech.  Her  mental  facnltio  meanA 
to  be  entirely  suspended  ;  her  only  nxedium  of  communicntion  with  the  external  vaiU 
being  through  the  senses  of  sight  and  touch,  neither  of  which  appeared  to  arouse  iA«iia 
her  mind,  though  respondent  movtmmU  of  varioua  kinds  were  excited  tbrough  IbfW. 
Her  viflion  nt  short  difitnnces  wns  quirk  :  and  so  great  was  the  exaltation  of  the  gMNfil 
Bensibility  Qpon  the  surface  of  the  body,  that  the  slightest  touch  would  startle  her;  stiB, 
unless  she  was  tauuhed,  nr  an  object  or  a  person  was  so  placed  that  she  could  not  Mf 
seeing  the  one  or  the  other,  she  nppi'ared  to  be  quite  lost  to  everything  that  was  pmiiin 
around  her.  f^lie  had  no  notion  tlint  »he  was  at  home,  not  the  least  knowledge  of  aayfkiif 
about  her;  she  did  not  even  know  her  own  mother,  who  attended  upon  her  with  ths  noil 
unwearied  assiduity  and  kindness.     VTherever  she  was  placed,  there  she  reinaiue^l  duriii 

I  the  day Rer  appetite  was  good,  but  having  neither  taste  nor  smell,  sbt  sit 

[slike  iudifferently  whatever  she  wns  fed  with,  and  took  nanseoiis  medicines  as  readilj  i« 
i4el}ciou9  vinnds.  All  the  automatic  movenientB  QnconDected  with  aensation,  of  nhSck  tki 
I  tpinnl  cord  is  the  instrument,  seemed  to  go-on  without  interference ;  as  did  also  ik«> 
dependent  npna  the  nensntinns  of  sight  and  touch;  whilst  the  functions  of  ll>«  otkr 
ganglia,  together  with  those  of  the  cerebrni  hemispheres,  appeared  to  be  ia  eaaifidi 
abeyHncPi.  1lie  nnnlysie  of  the  facts  stnted  regarding  her  ingestion  of  food  seems  lomtl* 
this  clear.  Sbo  swallowed  food  when  it  woa  put  into  her  mouth;  this  waa  a  purely  «sl» 
matia  action,  the  reception  by  the  lips  being  probably  excited  by  sensation,  wbil»t  tktwt 
of  deglutition,  when  the  food  is  carried  within  reach  of  the  pharyTip«'al  muscles,  it  exfitri 
irtdiriui  the  necessary  concurrence  of  seuantion.  She  made  no  spontaneous  effort,  liowewr, 
to  feed  herself  with  the  spoon;  showing  ihnt  she  had  not  even  that  simple  idea  of  bclfiaf 
herself,  which  infanta  bo  early  acquire.  But  after  the  mother  had  conveyed  the  spooik 
few  times  to  her  mouth,  and  had  thu.q  caused  the  muscular  action  to  become  asaoctttel 
with  the  setiHorial  atiinulus,  the  patient  continued  the  operation.  It  appears,  howerer.  Is 
have  been  necessary  to  repeat  this  lesson  on  every  occasion  ;  showing  the  complete  abMfiM 
ef  memory  for  any  idea,  even  one  so  simple  and  so  immediately  connected  with  thesn^ 
of  the  bodily  wanta.  The  difference  between  an  initinct  and  a  dtttre  or  propensity,  hftti*- 
fore  dwelt-on  (J^^  &6I,  6191,  is  here  most  strikingly  manifested.  Tbia  patient  hod  an  iii*thw^ 
live  tendency  to  ingest  food  ;  as  is  shown  by  her  performance  of  tlie  action  already  athd«d- 
to;  but  these  actions  required  the  Btimnlos  of  the  present  sensation,  nnd«io  not  seftBtt 
have  been  connected  with  any  notion  of  the  character  of  the  object  as  food;  at  any  nil. 
there  was  no  manifestation  of  the  existence  of  any  such  notion  or  idea,  for  she  displaytda* 
if  sire  for  food  or  drink  in  the  absence  of  the  objects,  even  when  she  must  hare  beta  coa- 
jcious  of  the  uneasy  sensations  of  hunger  and  thirst.  The  very  limited  nature  of  b«r 
faculties,  and  the  automatic  life  she  was  leading,  appear  further  evident  from  the  foUnv- 
ing  particulars.  One  of  her  first  acts  on  recovering  from  the  tit,  had  been  to  busy  bcndf 
in  pii'king  the  bed-clothes ;  and  as  soon  ns  she  wnsi  able  to  sit-up  and  be  dreaaed,  sbeei»- 
tinned  the  habit  by  incessantly  picking  some  portion  of  her  dress.  She  seemed  to  wwrt 
an  occupation  for  her  fingers,  and  Rccordiitgly  part  of  an  old  straw  bonnet  wn*  girea  ts 
her,  which  she  pulled  into  pieces  of  grent  minuteness:  she  was  afterwards  buuniifuflr 
aupplicd  with  roaca ;  she  picked-off  the  leaves,  and  then  tore  them  into  the  miatlttf 
particles  imaginable.  A  few  days  SMbcequently,  she  began  forming  upon  the  table,  oat  sf 
these  minute  particles,  rude  figures  of  roses  and  other  common  garden-flnwers:  she  bad 
never  received  any  instructions  in  drawing.  —  Roses  not  being  so  plentiful  in  London,  wasta 
naper  and  a  pair  of  scissora  were  put  into  her  hands;  and  for  some  daya  she  found  aa 
vccupatton  in  cutting  the  paper  into  shreils;  after  a  time  these  cuttings  aH*amed  radt 
figures  find  Hhapes.  and  more  particularly  the  shnpes  used  in  patchwork.  At  lengtli  iht 
was  supplied  with  proper  Euateriala  fur  patchwork ;  and  after  Bome  initiatory  ioatnntiiih 
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^Vimilar  condition  presents  itself  as  the  result  of  the  coniplrte  exhaustion  of  Ccre> 
bral  power,  in  those  extreme  forraa  of  Dciiientifl,  or  rather  AmeDtia,  which  are 
frequently  consequent  upon  repeated  attacks  of  Maaiu,  or  a  long  succession  of 
Epileptic  seizures.  And  it  is  ulso  worth  notice,  thut  the  "  picking  at  the  hed- 
doihes/'  which  is  so  frequently  seen  towards  the  close  of  life,  is  a  purely  con- 

[Beugual  movement,  the  performance  of  which  is  an  indication  of  the  torpor  thut 

•he  look  to  her  needle  and  to  this  employment  in  good  earnest.  She  now  Inboured  inces- 
aantly  at  patchwork  from  murning  till  niglit,  nnd  on  SutudA^-s  and  week-daj^,  for  she 
know  DO  difftirence  of  days ;  nor  oould  she  ba  made  to  comprehend  the  differeoce.  8be 
had  no  remetnt)rnnce  from  day  to  day  of  wbnt  she  had  be«ri  doirg  on  the  prerioua  day, 
and  »0  errery  morninx  comroeooed  dt  noi'o.  Whatever  she  began,  that  she  continqed  to 
work-at  wiiile  duytight  la.tted ;  mnnifeHting  no  unensineaa  for  anydiitti;  to  ent  or  drink, 
taking  not  the  slightest  heed  of  anything  which  vaa  going-on  aronnd  her,  but  intent  only 
on  her  pntcbwork,  She  gradtuilly  began,  like  a  child,  to  ^egi^t«^  ideas  and  at^quire 
experience.     Thi:)    waa  first   bhown    iu    connexion   with  her   oinnual   occupation.      From 

fatchw^rk,  after  having  exhausted  all  the  materJnU  within  her  reach,  she  waa  led  ro  the 
igher  art  of  wornted-work,  by  which  her  attention  was  soon  engrossed  as  constantly  as  it 
had  before  b«en  by  her  hnmbler  emplnyniciit.     She  wa?  delighted  with  the  colours  and  the 
flowers  upon  the  patterns  that  were  brought  to  her,  and  pcemed  to  derive  special  enjoyment 
from  the  harmony  of  colour»;  nor  did  she  conceal  her  want  of  respect  towards  any  speoi- 
nea  of  work  that  was  placed  before  her,  but  immediately  threw  it  aside  if  the  arrangement 
displeased  her.     She  »till  had  r.o  recollection  from  day  to  day  of  what  she  had  done,  and 
every  morning  began  something  new,  unksH  her  unfinished  work  was  placed  before  her; 
•nd  after  imitnting  the  patterns  of  others,  she  begun  deviKiiig  some  of  her  own.     The  first 
ideat  derived  from  her  former  experience,  thnt  seemed  to  be  awakened  within  ber,  were 
oonnected  with   two  subjects  which  bad  unturally  made  a  strong  impref^sion  upnit  her; 
samely,  her  fall  into  the  river,  and  a  tove-affair.     It  will  be  obvious  tiiat  her  pleasure  in 
the  syuimetriciil  arrangement  of  patterns,  the  harmony  of  colours,  &c.,  wns  at  first  simply 
ftnu'Ttal ;  hut  she  gradually  took  nn  interest  in  looking  at  pictures  or  prints,  more  espe- 
cially of  flowers,  trees,  and  animnlH.     When,  however,  site  was  shown  a  Inndscape  in  which 
there  was  a  river,  or  the  view  of  a  troubled  sea,  she  became  inten.sely  excited  and  violently 
agitated,  and  one  of  ber  fitH  of  spnsmodic  rigidity  and  in.<ien»'ibility  immediately  followed. 
If  the  picture  were  removed  before  the  paroxysm  had  Rubsided,  she  manifested  no  recollec- 
tion of  whut  had  taken  place?  but  so  great  wiia  the  feeling  of  dread  or  fright  associated 
with  water,  that  the  mere  s.ight  of  it  in  motion,  its  mere  running  from  one  ves-scl  to  another, 
made  her  ohudder  and  tremble;   and  in    the  act  of  washing  her  handa  they  were  merely 
l^laced  in  water.     From  this  it  may  be  Inferred  that  simple  idutt  were  now  being  formed ; 
for  whibt  the  actual  sight  or  contact  of  moving  water  excited  them  by  the  diirect  flensurial 
channel,  the  sight  of  a  picture  containing  a  river  or  water  in  movement  could  only  do  so 
by  giving  rise  to  the  notion  of  water.     From  an  early  stuge  of  her  illness  she  hud  derived 
evident  pleat^ure  from  the  pronimjty  of  a  young  man,  to  whom  she  had  been  attached ;  ba 
was  evidently  an  object  of  interest  when  nothing  else  would  rouse  her ;  and  nothing  seemed 
to  give  her  BO  much  pleasure  as  bis  presvnce.     lie  came  regulnrly  every  evening  to  see  her, 
and  she  as  regularly  looked  for  bis  coming,     At  n  lime  wbeo  she  did  not  remember  from 
one  hour  to  another  what  she  wast  doing,  sho  would  look  anxiously  fur  the  opening  of  tbe 
door  about  tbe  time  he  wn.<(  accuHtomcl  to  pay  hern  vi><it;  and  if  be  came  not,  she  was  fid- 
getty  and  fretful  ihrougbnot  the  evening.      When  by  her  removal  into  tbe  country  she  lost 
sight  of  him  for  gome  time,  she  bccnme  nnhappy  and  irritable,  manifested  no  pleasure  in 
aoything,   and  nulfercd  very  frequently  from  fits  of  spasmodic  rigidity  and   in»ens«bility. 
When,  on  the  other  hand,  be  rciitnined  constnntly  near  her,  she  improved  in  bodily  health, 
early  aasooiations  were  grudually  Hwukcned,  and   ht^r  inlcllectual  powers  and  memory  of 
irords  progressively  returnt'd.      We  here  sec  very  clearly  the  composite  nature  of  the  emo- 
tion of  affection.     At  first,  there  was  simple  pleasure  in  the  presence  of  her  lover,  excited 
by  the  gratification  which  the  impre.wa  of  former  nnsociations  had  connected  with  the  tetisa- 
tion.     Afterwardtt,  however,  it  wha  evident   thnt  the  pleasure  became  connected  with  the 
idta  ;  she  thought  of  him  when  ahaenl.  expected  bis  return  (even  showing  a  power  of  mea- 
suring lime,  when  she  had  no  memory  Tor  unylhing  el»e).  and  manifested  discomfort  if  he 
did  not  make  bis  appearance.      Here  we  see  the  true  emotion,  namely,'  the  association   of 
pleasure  wiih  the  itiea:  and  the  manner  in  which  the  tfaire  wiiuld  spring  oat  of  it.     The 
desire  in  her  then  condition,  would  be  inoperative  in  caii<^)ng  vulunlary  movement  for  its 
graiificrition ;  simply  because  there  wns  noitilellect  for  it  to  act  upon,     Her  mental  powers, 
however,  were  gradually  returning.     She  tank  gre.ater  heed  of  the  objects  bv  which  she  wae 
surrounded :  and  on  one  occasion,  seeing  her  mother  in  a.  state  of  excessive  agilalion  and 
grief,  she  became  exoilect  herself,  and  io  the  eniotionii!  excitrmenl  of  the  moment  suddenly 
l^aculated,  with  some  hcttitaiion,  ■■  What's  the  matter?"     From  this  time  shu  began  lo  arti 
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liBB  supervened  upon  the  funotional  activity  of  the  Cerebmuij  and  is,  iLerefore, 
a  most  unfavourable  symptom. 

715.  AfjJiormat  Alofhs  of  Sen »ori- Motor  Activity.  —  It  is  the  SrvtmrMm  tta* 
ia  primarily,  and  (it  niny  be)  eolely  affected,  in  tbe  state  of  Coma  )  «bich  only 
differs  from  ordinary  Sleep  in  tbe  conipletenefs  of  the  suspension  of  tbt  func- 
tional activity  of  the  Sensory  Ganglia.  This  raspension  not  merely  prwenta 
iroprcBsionfl  Iransinittod  frotn  (be  organs  of  E>ense,  from  affecting  the  coMciMi*' 
ness  as  Sensations ;  but  it  also  interposes  the  same  obstacle  to  that  mental  ncti%- 
nition  of  Cerebral  cbangrs,  which,  when  tbe  Sensortum  is  closed  to  tbe  ootrr 
world,  con.stitute8  the  pfnte  of  Dreaming;  and  thus  the  comatose  euhjoct  is  not 
merely  insensible  to  external  iuipreswions,  but  is  cut-off  frora  all  perception 
pelf-cxistcnce.  There  seem-s  rent-on  to  bvli«ve,  that,  in  the  sinapler  furmB  oft 
pueh  as  we  frequently  mect-with  in  Hyttericsl  subjects,  there  i£  no  per^-ersion 
tbe  functions  of  tbe  Cerebrum;  for  we  observe  that,  if  the  inseneibilitj 
denly  supervene  in  the  midst  of  a  sentence  wbich  is  being  uttered  by  th<»  pa 
(a  circumstant-e  of  no  unconininn  occurrence),  tbe  series  of  words  is  takcn^ap 
completed  the  moment  thnt  tht;  conui  pnsses-off,  ibc  patient  being  uncon»cioui 
the  interruption ;  showing  that  there  is  none  of  that  con/urton  of  tbe  Infelf 
which  marks  Cerebral  disorder.  In  a  large  proportion  of  cases,  however, 
obvious,  from  the  order  in  which  the  pymptoms  manifest  tbeinselTes,  tbu 
Cerebrum  in  affected,  as  well  as  the  SenK»rial  cintres;  of  this  the  be*t  evi' 
is  afforded  by  tbe  phenomena  of  alcoholic  Intoxication,  and  tbe  agency  of 
eotic  poisons;  and  where  Coma  results  from  pressure  within  the  crabium,  thil 
must  act  alike  upon  the  Cerebrum  and  tbe  Scnsorium.  Of  the  causes  whick 
induce  the  state  of  Coma,  there  are  many  which,  when   operating  in  smsllfr 

culate  a  few  irords ;  but  c>he  neither  entled  persons  nor  things  by  (heir  right  Dane*.  Ill* 
pronoun  "rhiR"  was  her  favoirite  w«ird;  nnd  it  was  applied  alike  to  erer;  iDdiridnl 
object,  nnimate  and  innnirnfite.  The  first  objects  which  ^he  called  bjr  tlieir  right  n>vn 
were  wUd  flowers,  for  which  she  had  shown  quite  a  pnseion  when  a  child ;  and  it  ismwrk- 
ahle,  that  her  interest  in  thetse  und  her  recollection  of  their  names  sbonld  have  maoifsttd 
.itself  at  a  time  vhen  she  exhibited  not  the  least  recollection  of  the  *'oId  f&mili&r  fricadi 
^Sad  places"  of  her  childhood.  Aa  her  intellect  graduall;  expanded,  nnd  her  idt^u  becam 
^IBore  numerous  nnd  definite,  they  manifested  theinsselves  chiefly  in  the  form  of  tmH»mi 
I'that  i^,  the  chief  indications  of  them  were  through  the  sif^ns  of  etnotinnnl  eieitcmfOL 
I'hese  lust  were  frequently  exhibited,  in  the  nttHcks  of  insenfibility  and  ^pa^inodieri^di^, 
irhich  cnme-on  at  the  slightest  alnrm.  It  is  worth  remnrking  that  these  nttjicks..  tkroaji^ 
out  this  rematknble  period,  were  ajit  to  recur  three  or  four  times  a  day,  when  her  ejcsM 
l>een  long  directed  intently  upon  her  work;  which  affords  another  proof  bow  elacdy  tbt 
emotional  cause  of  them  innsi  haTe  been  ukin  to  the  influence  of  eeosorj  ImprMsiom,  tlw 
effects  of  the  two  being  fireciscly  the  same. — The  mode  of  recovery  of  this  patient  wu 
quite  as  reninrknble  as  nnything  in  her  liii»tory.  Her  health  and  bodily  9=trengTb  scmH 
completely  re-estnhlibhed.  her  vocnbuinry  was  being  extended,  and  her  mental  eapwily 
was  improving:  when  she  became  awnre  that  her  lorer  was  paying  attention  to  asMhe 
woman.  This  idea  imrneiliiitety  nnd  very  naturally  excited  the  emotion  of  jealousy;  whirit. 
if  we  analyse  it,  will  appear  to  be  nothing  else  than  a  painful  fttling  coDnrvIe*!  with  tk« 
idta  of  the  faithlessness  of  the  object  beloved.  On  one  occasion  this  feeling  was  sostmnflr 
excited,  thpit  she  fell  down  in  a  fit  of  insensibility,  which  resembled  her  first  attack  in  dura- 
tion and  severity.  This,  however,  proved  sanatory.  When  the  insensibility  pa«»ed-ufl.  %\t 
Was  no  longer  epelt-bound.  The  veil  of  oblivion  wos  withdrawn ;  and,  «8  if  awakvalaf 
fmm  a  sleep  of  twelve  uumthK'  dumtion.  i>he  found  herself  surrounded  bjr  her  grandfatb«r, 
gtnndtnothcr,  and  their  familiar  friends  and  Acrjuaintances,  in  the  old  house  at  fbonloM. 
i^he  awnke  in  the  possession  of  her  natural  facultiea  and  former  knowledgv ;  but  witkool 
the  slightest  rememhrnnce  of  anything  which  had  taken  place  in  tbe  iotvrval,  f^yta  A> 
invasion  of  the  first  fit,  up  to  the  present  time.  She  spoke,  but  she  heai-d  not;  ak 
still  deaf,  but  as  she  could  rend  and  write  as  formerly,  she  was  no  longer  cut  off  fma 
munication  with  others.  Frttra  this  time  she  rapidly  improvetl.  but  for  some  rim*  4 
nued  deaf.  She  soon  pprfccfly  understood  by  the  motinn  of  the  lips  what  her  mother  said; 
Uiey  conversed  with  facility  nnd  quickness  together,  but  she  did  not  understand  th*  laa- 
pinge  of  the  li|>s  of  n  stranger.  4?he  wns  completely  unaware  of  the  change  in  her  lover's 
aflTectinnv,  whi<:h  hiid  taken  place  in  her  slate  of  'second  consciousness;'  nnd  a  paialkl 
explanatiim  was  necessary.  This,  however,  she  bore  very  well,  and  fa«s  lincc  recovtrvi 
her  previous  bodily  and  menial  health. 
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nt,  or  in  less  intensity,  produce  (ielirtuni.  This  is  particularly  the  case  with 
the  whole  group  of  truly  narcotic  poisons;  and  is  true  not  merely  of  those  whinlt 
mre  introduced  m  such  from  external  sources,  but  also  with  regard  to  those  which 
are  generated  within  the  body.  We  have  another  illustration  of  it  in  the  Coraa 
of  mere  exhaustion,  which  is  frequently  preceded  by  dlelirium  that  is  clearly  at- 
tribut'ible  to  nothing  else  than  a.  deficient  supply  of  blood.  Stitl,  wo  must  not 
re^rd  (''oma  as  always  indicating  a  more  advanced  state  of  morbid  change,  than 
that  which  occasions  Delirium  ;  for  it  standi^  to  some  forms  of  delirium,  itt  the 
same  light  in  which  ordinary  sleep  stands  to  the  waking  state,  being  the  repofle 
^hich  is  required  for  reparation  after  a  state  of  exeessive  mental  activity.  In  fact, 
the  profound  sleep  which  succeeds  a  protracted  period- of  i*evpre  bodily  or  mental 
exertion,  ia  often  almost  comatose,  as  regards  the  degree  in  which  the  subject  of 
it  is  insensible  to  external  fitinmli.  The  same  may  be  stated  with  great  probability 
of  the  coma  which  ia  consequent  upon  'concussion'  of  the  brain ;  for  this  may 
be  regarded  as  a  period  of  slow  regeneration,  during  which  the  effect."*  of  the 
injury  are  being  repaired  by  the  nutritive  processes  ;  and  any  attempt  to  arouse  the 
patient  prematurely  is  far  more  likely  to  be  injurious  than  beneficial,  tending  espe- 
cially to  increase  the  violence  of  the  subsequent  reaction.  This  state,  in  fact,  is 
essentially  one  of  St/ncopt;  the  suspension  or  reduction  of  the  functional  power 
of  the  JlDccphiilic  centres  being  mainly  due  to  deficiency  in  the  supply  of  blood 
whii'h  tliey  receive,  through  the  depression  produced  by  the  'shock'  in  the  action 
of  the  Heart  (§  238). 

71*J.  A  state  of  disordered  activity  of  the  Sensorial  centre*  appears  to  be  the 
essential  cause  of  the  production  of  those  ilhisums  (most  commonly  visunl,  but 
not  unfrequently  belonging  to  some  other  sense),  the  origin  of  which  is  entirely 
independent  of  any  ideational  or  emotional  state,  and  in  the  rcahty  of  which  the 
tniod  has  no  predisposition  to  believe  (§  711).  The  disordered  action  of  the 
Sensational  apparatus  seems  to  be  of  the  aame  kind  with  (bat  which  produces 
'subjective  seni^ations '  (§  507),  extending  only  to  the  affection  of  the  Ferreih- 
ticmai  consciousness;  f!>r  it  is,  in  fact,  nothing  else  than  the  recognition  of  the 
apparent  externality  of  the  objects  winch  thus  uffcet  the  consciousness, — generally 
arising  from  their  resemblance  to  well-known  forms,  voices,  articulate  sounds, 
&c., — that  di.-^lioguisbes  *  phantas^ms  '  or  *  airy  voices  '  from  the  subjcciive  sensa- 
tions on  which  tlioy  depend  Thc.«ie  may  deceive  the  mind,  from  their  close 
rescnjbbnco  to  realities j  thus  Dr,  ALercrombie  mentions  a  case  of  a  gentlcraaa 
who  Lad  all  his  life  been  affected  by  the  tippcanance  of  spectral  figures,  which  80 
closely  re.«cmbled  the  impressions  produced  by  the  real  objects,  that,  on  meeting 
a  friend  in  the  street,  he  could  not  satisfy  himself  whether  be  saw  the  real  iodi- 
vidual  or  the  spectral  figure,  save  by  touching  his  body,  or  by  hearing  the  sound 
of  his  footsteps.  But  in  most  instances  in  which  they  have  not  been  suggested 
by  antecedent  mental  states  their  appearance  takes  place  under  such  circam- 
stances,  that  even  though  they  may  pruduce  reflex  muscular  actions  (§  5P9),  the 
IntelligeQce  is  readily  enabled  to  discriminate  the  false  from  the  true.  This  was 
the  case,  for  example,  with  Nicolai;  who,  when  suffering  from  intermittent 
fever,  saw  coloured  pictures  of  landscapes,  treesj  and  rocks,  resembling  framed 
paintings,  but  of  half  the  natural  e:ize ;  so  long  as  he  kept  bis  eyes  closed,  they 
underwent  constant  changes,  some  figures  disappeared  while  new  ones  shuwed 
themselves;  but  a^  .soon  as  he  opened  his  eyes,  the  whole  vanished.  In  the  caw 
previously  adverted-tn,  the  subject  of  these  illusions  could  call-up  spectral  figures 
at  his  will,  by  directing  hia  attention  steadily  to  some  conception  of  bis  own 
mind,  which  might  either  consist  of  a  figure  or  a  sijene  that  ho  had  seen,  or 
might  be  a  composition  of  bis  own  imagination  :  but  although  possessing  the 
faculty  of  producing  the  tllusion,  he  had  no  power  of  bauishtng  it;  so  that  when 
he  bad  called-up  jiny  particular  figure  or  scene,  he  could  not  say  how  long  it 
might  continue  to  haunt  him.  This  influence  of  the  attention  was  noticed  by 
Sir  Isaac  Newton  in  his  invcstigatiou  of  ocular  spectra ;  for  he  found  that  he 
41 
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could  recall  the  sptctnim  of  the  san  after  it  had  vanished,  bj  going  into  th« 
d«rk,  and  directing  his  mind  intensely  "  aa  when  a  man  looks  earnestly  to  «e  a 
ihinp  which  iBdifBcalt  to  be  seen."  By  repeating  these  experimenta  freqaectly, 
such  an  effect  was  produced  upon  his  Sensorium,  that  for  some  moDth^  he 
says,  *•  the  spcctnini  of  the  sun  bepan  to  return,  as  oft^n  as  I  began  to  meditate 
on  the  phenomena,  even  though  I  lay  in  bed  at  midnight  with  my  curtaini 
drawn."'  The  essentially-automatic  character  of  these  fidse  prcceptions,  however, 
is  evident  from  the  influence  of  Ukti'c  agents,  such  as  opiam,  hachisch,  or  alc>:)h(d, 
fever-poison,  &c.,  in  producing  them.  That  the  mind  of  the  individual  tbw 
afFectcd  should  believe  in  them  as  realities,  simply  rcpulta  from  the  circumstance, 
that,  concurrenlly  with  the  disorder  of  the  Sensorium,  the  Cerebrum  is  aho 
affected,  so  that  its  Intelligence  is  not  in  a  fit  state  to  correct  the  erroDcooi  m^ 
gestions  of  the  Senses. 

717.  It  h,  as  we  have  seen,  in  the  Sensorial  centres,  that  those  leaou  m 
ffloet  commonly  found,  which  give  rif^e  to  Hcmiplegio  Parafj/sf*.  There  can  be 
little  doubt  that  this  form  of  paralysi.9  is  usually  attributable  to  some  stnictonl 
disorganization  of  the  nervous  subs^tancc,  produced  by  haeroorrhape,  K)fteninj2!,  i& 
Still,  this,  like  other  forms  of  partial  paralysis,  may  be  trrxi'c^  depending  rttW 
upon  the  condition  of  the  blood,  than  upon  that  of  the  ncrvoua  tissue.  Of  such 
toxic  influence,  we  have  a  remarkable  example  in  the  peculiar  local  paraJyH 
induced  by  the  presence  of  Lead  in  the  system ;  and  there  seems  much  n»$U 
to  believe  that  some  of  the  Hysterical  forms  of  paralysis  (as  well  as  of  oodthI- 
sive  disorders)  are  of  toxic  origin  (§723).  There  arc  many  instances,  too,  ia 
which  paralysis,  like  convulsion,  sceius  to  depend  upon  some  injurioas  iafloeine 
propagated  from  tbe  nerves  of  some  other  part.  Although  it  b  in  Hemipl<fi» 
that  we  have  the  most  distinct  evidence  of  diiiorder  of  the  Encephalic  centra, 
yet  paralysis  of  any  one  port  of  the  body  may  proceed  from  Encephalic  leeioo;  aad 
even  some  forms  of  Paraplegia  seem  traceable  to  disordwrs  of  the  Cerebnim  tod 
Sensory  Ganglia.^ — It  is  to  a  disturbance  in  the  equilibrium  of  the  Sennn' 
Motor  apparatus,  consequent  in  some  instances  upon  abnormal  impmMO* 
received  through  the  nerves  of  sense,  and  in  others  upon  interruption  to  sooisof 
the  ordinary  channels  of  motor  influence,  that  Vertigo  is  due  ;*  which  may  eitbei 
consist  in  abnormal  subjective  sensations  only,  or  may  exhibit  disordered  move- 
ments prompted  by  tlmsc  sensations.  Tins  condition  may  be  induced  by  certain 
lesions  of  the  Sensori-Motor  centres  or  of  the  Sensory  Nerves  (§§  530— 534);  or 
it  may  depend  upon  the  presence  of  certain  toxic  agents  in  the  blood  (as  lo 
Alcholic  intoxicarion),  or  it  may  proceed  from  a  mere  deficicnoj  in  the  supply  of 
blood  to  the  Sensori -motor  apparatus. 

718-  We  seem  entitled  to  consider  the  Sensory  Gknglia  as  the  primary  8e«tof 
that  combination  of  loss  of  sensibility  with  convulsive  movements,  which  esJW- 
tiiilly  constitutes  Eptfepsy.  This  is  marked  by  the  peculiar  senmrial  phenomeoa 
which  usually  precede  the  paroxysm  j  by  the  obliteration  of  consciousness,  whicb 
is  its  prominent  symptom;  and  by  the  peculiarity  of  the  spasmodic  contractions, 
which  are  cl'tnic  (or  alternating  with  relaxation)  instead  of  being  font'c  (or  perdf- 
tent),  and  which  correspond  with  those  that  may  be  induced  by  artificial  etimi- 
Intion  of  this  portion  of  the  Encephalic  centres  (§  535).  The  disordered  action, 
however,  manifestly  extends  itself  to  the  Cerebrum  ;  for  a  maniacal  parvxysa 
frequently  o<.-curs  in  connection  with  the  epileptic  attacks;  the  attacks  them-. 

'  A  large  number  of  interesting  canes  of  Spectral  Illasions  wilt  be  found  in  Dr.  Aber- 
rombie's  "  Incjuiry  conceming  the  Intellectual  Powers,"  ander  the  head  of  *  Perceptioa' 
itnd  '  Spectrn)  Iltuaioas.'  See  also  8ir  H.  Brodie's  *' Fsjcbologioal  Enquiries,"  and  tke 
£aaa7  of  M.  Baillarger  already  referred-to. 

■  For  much  vAluable  information  on  the  diJTerent  forms  of  Paralysis.  *ee  Dr.  OvITi 
Gulstoninn  Lectures  *  On  the  Nerrous  System'  iu  ibe  "Medical  Tim«^"  1840. 

'  For  a  stimmarj  of  vimt  is  known  a.«  to  the  nature  of  this  afTection,  with  T»)a»b)e  nf> 
pestioDsfor  further  enquiry.  Sec  Dr.  J.  Russell  Reynold's  "£8suyaa  Vertigo,"  read  ttf  tkiS 
North  London  Medical  tjociety,  1864. 
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ilvea  are  sometiineB  preceded,  and  very  commonly  fi>l]owed,  by  conKidernblc 
nfusioD  of  the  ioteUect;  the  disease  is  seldoui  long  pereiatcut  witbout  iuipair- 
ng  the  memory  and  the  control  of  the  will  over  the  meritnl  opcraliona ;  and  in 
cofes  of  lon{;  standing,  iLe  power  of  tbt;  Cerebrum  appears  lo  be  almost  entirely 
destroyed.     There  is  very  considerable  diversity,  on  the  other  hand,  in  regard  to 
the  nature  and  intensity  of  the  muscular  couvulsion  ;  and  there  seems  reason  to 
think  that  when  the  morbid  inHuetiee  is  determined  downwards  into  the  Motoi 
apparatus,  the  Cerebrum  escapts  with  a  less  Berious  impairment  of  ita  powers, 
sincd  the  destruction  of  the  intellectual  power  occurs  more  surely  where  the  fits 
are  accompanied  by  much  mental  disturbance  or  stupor,  than  where  the  convul- 
sive  character   predominates. — One   of  the    most    remarkable    pbenomena  of 
Epilepsy  is  its  tendency  to  periodic  recurrence,  with  a  more  or  less  complete 
return  to  the  norma!  state  in  the  interval.     This  fact  of  itself  seems  to  indicate 
that  the  disease  cannot  be  fairly  attributed  to  tbo(iC  obvious  lesions  of  structure, 
which  are  sometimes  coincident  with  it,   and   which,  as  Dr.  Todd  has   justly 
remarked,  are  rather  the  signs  of  the  altered  nutrition  brought-on  by  any  cause 
which  creates  frequent  disturbance  of  the  actions  of  the  brain,  than  the  causes  of 
that  disturbance  ;  for  the  influence  of  such  lesions,  if  manifested  at  all  (and  it  ia 
remarkable  what  an  extent  of  disorpaoiKation  motf  take  place  without  any  obvi- 
ous indication),  would  be  rather  continuous  than  intermitting.     It  ia  quite  cer- 
tain, OB  the  other  hand,  that  death  may  occur  from  Epilepsy,  without  any  appre- 
ciable lesion.     It  may  be  considered,  also,  as  a  wctl-cetabliahed  fact,  that  the 
epileptic  paroxysm  may  be  induced  either  by  an  insufficient  supply,  or  by  depra- 
vation of  blood  ;  of  this  we  have  examples  in  the  epileptiform  convulsions  brouj»ht- 
on  by  excessive  ba;niorrhagc  in  parturient  women,  iu  the  epileptiform  paroxysm 
induced  by  asphyxia  (especially  by  strangiiktion),  and  in  poisoning  by  hydrocy- 
unic  acid,  the  phenomena  of  which,  in  the  lowct*  animals  especially,  so  closely 
simulate  those  of  the  genuine  disease,  tb:it  they  may  be  desiomated  as  an  artificial 
epilepsy.     These  and  many  other  facts  iu   the   etiology  of  the   disease,  very 
strongly  point  to  a  disordered  condition  of  the  blood  as  its  primal  source  ;  this 
acting  either  by  altering  the  nutrition  of  the  Encephalic  centres,  or  by  perver^ 
ing  their  action,  or  in  both  modes  conjointly,  as  in  the  case  of  Insanity  (§  705). 
According  to  the  theory  advocated  by  Dr.  Tndd,  a  continual  mal-nutrition  of 
certain  parts  of  the  Encephalon  occasions  a  gradually-increasing  disturbance  of 
their  polar  state ;  and  this,  when  it  has  attained  a  certain  measure  of  intensity, 
manifests  itself  in  the  epileptic  paroxysm,  just  as  a  Leyden  jar,  when  charged 
with  electricity  to  a  certiiin  state  of  tension,  gets  rid  of  the  disturbance  of  equi- 
librium  by  the  "disruptive  discharge."'     The  fact  must  not  be  disregarded,  how- 
ever, that  when  a  slate  of  mal-nutrition  of  the  Nervous  System  has  been  estab- 
lished by  causes  which  affect  the  condition  of  the  Blood,  the  "Epileptic  paroxysm 
may  be  induced  by  some  eccentric  or  peripheral  irritation,  such  as  worms  iu  the 
intestinal  canal,  the  pressure  of  teeth  in  the  eruptive  stage  of  development  against 
the  capsule  or  the  gum,  &c. ;  neither  cause  being  sufficieiit  when  acting  alone. 
Hence,  although  the  parcvysms  may  be  Buspeuded,  and  the  disease  apparently 
cured,  by  the  removal  of  the  peripheral  source  of  irritation,  (as  by  the  expulsion 
of  the  worms  or  the  complete  eruption  of  the  teeth),  the  liability  to  it  still 
remains,  as  is  shown  by  the  renewal  of  the  paroxysms  whenever  any  fresh  irrita- 
tion may  arise.     It  is  very  important,  therefore,  not  to  rest  satisfied  with  local 
treatment  in  such  ca.<3esj  but  to  have  recourse  to  measures  adapted  to  produce  a 
gpneral  invigoration  of  the  system.' 

•  See  Dr.  Todd's  '  Lutnleiim  Lectures'  in  the  "Medical  Gazette,"  May  18,  1849:  and 
the  ••Brit  and  For.  Med.-Chir.  Rev.,"  Jan.,  m50,  pp.   24-33. 

*  Tbe  Author  does  not  think  it  necwsary  here  to  devote  anj  epnce  to  the  examinntion 
ori>r.M.  Hall's  pathological  theoiy  of  Epilepaj,  wlncb  makes  tt  depeocj  upon  spnismoitio 
oompreseion  of  certftin  muacles  of  the  neck,  producing  compression  of  llie  vcin^  and  ooo- 
gestion  of  the  cerebrum ;  since  he  considers  that  the  fallacies  of  this  theorj  have  beeu 
alresdjr  eufficiently  pointed-out  bj  Dr.  Todd  (loc.  cit  j 
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710,  The  Spijial  Axis  (includinj:  tlie  Mrdulht  Ohlovgata)  forms  a  continue 
periea  of  ganjrlionic  centres,  which  are  connected  by  afferent  and  efferent  nerve*1 
trunks  with  the  eeveral  segments  of  lb<i  body ;  but  these  centres  are  enveloped] 
in  irhite  or  fibrous  strands,  which  not  only  connect  the  varioua  segmental  diti-J 
sioDB  with  each  other,  but  abo,  there  seems  good  reason  to  believe,  e8tablL«h  ft] 
continuous  connection  between  the  Nerve-roots  and  the  Sensorial  centres.    Th« 
independent  activity  of  the  Spinal  centres  is  seen  in  the  varioua  reflex  movement 
which  are  performed  after  they  have  been  cut*off  from  all  connection  with  tl 
Encephalon ;  and  of  these  reflex  moveinentfl  there  are  certain  definite  grouj 
which  are  8uhj*ervicnt  to  the  functions  of  Respiration,  Deglutition,  Deft^atioQJ 
&c.     In  so  far  as  these  arc  performed  by  the  Spinal  Cord  alone,  without  the  pai 
ticipation  of  the  Sensorium,  they  do  not  involve  any  affection  of  the  consciot 
ness ;  and  as  the  separation  of  the  Spinal  Cord  from  the  Sensorium  effectuallj 
prevents  the  impression  which  excites  the  reflex  movement  from  exciting  sens 
Lion  at  the  same  time,  we  know  that  sensation  cannot  be  necessary  to  the  movfl 
men  I ;  hence  this  class  of  actions  is  best  distinguished  as  excito-mofor,  in  contr 
disitinction    to    the   scntori-mutor   in  which    Sensation    necessarily  participate 
PutlinfT  aside,  however,  those  actions  which  are  subservient  to  the  Organic  fano-^ 
tions,  and  which  are  performed  in  the  state  of  full  integrity  and  activity  of  the 
nervous  system,  we  find  that  the  reflex  power  of  the  Spinal  Cord  is  only  distinctly 
manifested  when  that  organ  is  detached  from  the  Encephalon  ;  for  in  its  normal 
state  it  serves  as  little  else  than  the  channel  through  which  impressions  are  trans- 
mitted upwards  to  the  Sensonum,  and  thence  to  the  Cerebrum,  and  throoffh 
which  motor  impulses  are  propagated  downwards  from  these  centres  to  the  niui»- 
cles.     For  the  actions  of  the  Spinal  Cord  are  placed  in  subordination  to  the 
control  of  the  Cerebrum,  in  every  particular  as  to  which  they  can  be,  withonl 
detriment  to  the  welfare  of  the  system  generally ;  so  that  we  find  excitor  imprt*- 
sions,  which  are  quite  competent  to  evoke  reflex  actions  if  they  are  preventeil 
from  travelling  beyond  the  Cord,  losing  their  power  to  do  so  when  ihi-y  are  di*- 
oharged  (so  to  speak)  into  the  Sensoriuui ;  whilst  even  the  movements  of  Respi- 
ration, Defecation,  &c.,  which  do  not  require  the  participation  of  the  Cerebrum  io 
ttcir  ordinary  performance,  can  be  to  a  certain  extent  controlled  by  the  Will. 

720.  Ahtiormal  Acfwnit  of  ihe  Sphinl  f.'onl. — The  functional  activity  of  the 
Spinal  Cord  is  capable  of  being  morbidly  dimtnish*>d  or  augmented.  It  may 
even  be  for  a  time  almost  completely  suspended,  as  in  St/nrr/pti  (§  715):  but  it 
would  seem  as  if  a  supply  of  bluod  which  is  insufficient  to  support  the  activity 
of  the  Encephalic  centres,  might  still  sustain  (to  a  certain  extent)  the  functional 
power  of  the  Spinal  system  ;  for  we  find  the  respiratory  movements  and  the  power 
of  swallowing  to  be  the  la-st  to  cease  when  the  Heart's  action  is  failing,  and  the 
first  to  return  when  it  is  becoming  more  vigorous,  A  corresponding  state  moy 
be  induced  in  particular  portions  of  the  system,  by  Concumon  ;  as  is  seen  in 
severe  shocks  to  the  Spinal  Cord,  whi*^h  are  almost  invariably  followed  for  a  tiui* 
by  the  suspension  of  its  functions.  Again  the  power  of  the  whole  Spina]  Conl 
may  be  diunniahed  by  various  causes,  such  as  enfeebled  circulation,  pressure,  &c  ; 
and  then  we  have  torpidity  and  imperfect  nutrition  of  the  whole  viutcuftrr  svs- 
tem  (§  358  note).  If  oppression  exist  in  the  Brain,  the  functions  of  tlic  Medulla 
Oblongata  will  be  especially  affected  ;  and  if  it  be  prtilonged  and  sufficientlv  severe, 
Axph^xid  will  result  from  the  interruption  of  the  respiratory  movements  which  it 
occasions  (_§  326);  this,  in  fact,  being  the  mode  in  which  death  is  immediately 
p'roduccd  in  Narcotic  Poisoning  and  other  analogous  states  (Chap,  xix).  In  the 
Convulsive  diseases  to  be  presently  noticed,  the  fatal  result  is  usually  ooDseqnent 
upon  a  state  of  Asphyxia  produced  by  the  spasmodic  fixation  of  the  respintory 
muscles. 

721.  On  the  other  hand,  the  excitability  of  the  whole  Cord,  or  of  pnrticulat 
parts  of  it,  may  be  morbidly  increased  ;  as  is  the  case  in  the  various  classes  of 
Convultivt  diseases  in  which  the  conaciouanesa  is  not  affected.     Of  the  ^huucx 
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roitns  or  combinations  of  which  tbis  class  of  disorders  ia  composed,  Tetanus  is 
oue  of  the  most  interesting  and  instructive.  This  dis^c-ase  csseutially  consi.sts  in 
no  undue  exciiabiliiy  of  the  whole  seriefi  of  Spinal  Gunglia;  so  that  very  slight 
iniprcssioDs  produce  violent  and  extensive  rtfiex  actions,  the  disturbance  of 
nervous  polarity  imiucod  by  the  impression,  radiating  (as  it  were)'  thruui^h  the 
ffbole  Cord,  and  affecting  nerve-fibres  that  proceed  from  each  of  its  differeot 
Begtucnta;  and  when  this  state  is  fully  established,  convulsive  actions  may  pro- 
ceed from  purely  crntrk  irritation,  no  excitor  impression  being  required  to 
originate  them.  Such  a  state  may  be  iuduci.'d  by  various  catiscs,  among  the 
most  prominent  of  which  are,  on  the  one  hand,  those  which  affect  the  nutrition 
of  the  Cord,  and,  on  the  otherj  those  which  call  it  into  disordered  action,  by 
altering  the  relations  which  the  blood  bears  to  it  as  the  exciting  fluid  of  the 
nervous  battery.  That  which  is  termed  the  idiopathic  form  of  the  disease  seems 
traceable  to  mal-nutrittun  of  the  Cord,  consequent  upon  impoverishment  or 
depravation  of  the  blood j  that,  on  the  other  hand,  which  is  produced  by  the 
introduction  of  Strychnia  into  the  blood,  is  dependent  upon  the  peculiar  potency 
of  tbis  substance  in  determining  a  wrong  action  of  the  Spinal  centres,  for  which 
it  seems  to  have  an  elective  Mflinity,  in  the  same  way  that  alcohol  and  opium  have 
for  the  encephalic.  With  regard  to  the  traumatic  form  of  Tetanus,  it  is  impos* 
Bible  to  say  with  certainty  whether  the  peculiar  condition  of  the  Spinal  Cord  be 
determined,  as  in  the  preceding  case,  by  the  introduction  of  a  poison  into  the 
Mood,  through  some  morbid  action  taking  place  in  the  wound;  or  whether  the 
disturbance  of  the  usual  equilibrium  be  consequent  upon  the  propagation  of  a 
morbid  influence  directly  from  the  injured  nerve-trunk  to  the  Spinal  centres, 
without  any  participation  of  the  circulating  System  in  this  extension  of  tho  mis- 
chief  Whichever  be  the  true  account  of  it,  tbis  much  is  certain,  that  when  the 
Tetanic  stiite  of  the  SpinaJ  Cord  is  once  fully  eatabliahed,  nothing  is  gained  by 
removal  of  the  injured  part;  and  powerful  sedative  remedies  aluue  possess  any 
influence  in  restraining  the  paroxysms.  The  Cerelral  apparatus  is  entirely 
unaffected  in  this  disorder;  but  the  nerves  of  deglutition  are  usually  those  first 
influenced  by  it;  those  of  respiration,  however,  being  soon  affected,  as  also  those 
of  the  trunk  in  general. 

722.  The  condition  termed  HifdrophMa  is  nearly  allied  to  that  of  traumatic 
Tetanus,  differing  chiefly  in  the  mode  in  which  the  Cranio-spinal  axis  is  affected. 
The  irritable  state  of  the  nervous  centres  obviously  results  from  the  introduction 
of  a  poison  into  the  blood;  and  here  the  curly  removal  of  the  wounded  part  is 
very  desirable  as  &  means  of  prevention;  allhougb,  when  the  poison  has  once 
begun  to  operate  on  the  centres,  it  is  of  no  use.  The  muscles  of  respiration  and 
deglutition  are^  as  in  Tetanus,  those  spasmodically  affected  ia  the  first  instance; 
but  there  is  this  curious  difference  in  the  mode  ia  which  they  are  excited  to 
action, —  that^  whilst  in  Tetanus  the  stimulus  operates  through  the  Spinal  Cord 
(either  centrally,  or  by  being  conveyed  from  the  periphery),  in  Hydrophobia  it 
is  often  trnnsmittcd  from  the  ganglia  of  Special  Sense,  or  even  from  the  Cere- 
brum ;  BO  that  the  flight  or  sound  of  fluids,  or  even  the  idea  of  them,  occasions — 
equally  with  their  contact,  or  with  that  of  a  current  of  air — the  most  distressing 
convulsions. 

723.  Many  fonns  of  that  protean  malady,  ITy&tena,  are  attended  with  a  similar 
irritability  of  the  Nervous  Centres ;  but  there  is  this  remarkable  difference  in  the 
two  cases,  that  the  morbid  phenuuicua  of  Hysteria,  whilst  they  often  simulate 
those  of  Chorea,  Tetanus,  Hydrophobia,  Epilepsy,  (tc,  are  evidently  dependent 
upon  a  state  of  the  system  of  a  much  less  abnormal  character.  The  absence  of 
any  structural  lesion,  and  even  of  any  serious  impairment  of  the  nutrition,  of  the 
parts  of  the  Nervous  System  which  ore  the  sources  of  the  actions  in  que.'^tion,  is 
proved  by  the  length  of  time  during  which  the  severest  forms  of  them  may  exist 
without  permanently-serious  consequences,  and  by  the  suddenness  with  which  ihc 
several  forms  of  them  give  place  one  to  another,  or  pass-off  altogether.     The 
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Btrnnpe  combinations,  moreover,  Tvhich  they  occasiocallj  present,  renud^f 
distinguish  them  from  the  more  settled  roriUB  of  the  diseases  whit-h  iher  Mtnu- 
late.'  The  clinical  historj  of  Iljsteria,  then,  would  lead  us  to  sufipow  tli&l  the 
conNOiIfive  action  depends  rather  upon  some  state  of  the  blood  which  altets  in 
relation  to  the  nervous  tissue  as  its  excitinc;  fluid,  than  upon  any  6uch  change  id 
the  nutritive  supply  which  it  affords,  as  would  induce  a  more  permanent  dlHltdcT 
in  the  system.  Taking  all  the  phenomena,  however,  into  account,  tha«  teeas 
much  reason  to  think  that  a  general  excitability  of  the  nervous  system,  such  is 
b  only  an  exaggeration  of  that  which  is  characteristic  of  the  female  sex,  is  iadoccd 
by  some  defect  of  Nutrition,  comparatively  permanent  in  its  nature ;  whilst  the 
particular  forms  of  perverted  action  are  determined  either  by  some  toxic  ii-ett  In 
the  blood,  slight  variations  in  which  may  give  it  a  selective  power  for  one  part  or 
another  of  the  Nervous  Centres,  or  by  irritation  of  the  peripheral  nerves.  Aaioof; 
the  sources  of  imperfect  nutrition,  leading  to  undue  excitability  of  the  nerrou 
system,  and  thus  acting  as  a  '  predisposing  cause/  it  seems  prot«ble  that  a  gouty 
diathesis  is  one  of  the  most  frequent;'  whilst  among  the  '  exciting  oaoses,'  Booe 
irregular  action  of  the  sexual  apparatus  is  among  the  most  common,  though  it 
would  not  be  correct  to  af^rm,  that  disorder  of  the  nutritive  or  secretory  fosctiooi 
of  the  sexual  system  is  essential  to  the  production  of  the  hysteric  condition.  The 
influence  of  Emotional  states  upon  this  condition  (§  710),  ia  among  the  mat 
reiuarkablo  features  in  the  history  of  the  disorder.  There  can  be  little  doabt 
that  habitual  indulgence  of  the  feelings,  especially  when  these  are  of  a  paiofai 
kind,  has  a  direct  tendency  to  affect  the  nutrition  of  the  nervoos  system;  boi 

'  ThnB,  the  Author  has  known  an  obstinate  case  of  Hy«teric  disorrjer,  in  which  it  »•» 
period  attiicka  of  the  moat  complete  Opisthotonos  coexisted  with  perfect  Ooma ;  at  aaMhir 
period,  tJie  Coma  recurred  alone;  Uien,  again,  there  waa  Trismus,  lasting  for  five  eoanta- 
tive  days,  without  anj  olh«r  apo^mudtc  action  or  loss  of  sensibility  :  thia  soBetiaiat  illtr- 
oatcd  with  fits  of  YawDing,  iu  which  the  jaw  was  held  opeo  for  half  an  hour  together;  U 
another  period,  the  convulaiona  had  more  of  the  Epileptic  cbaracter,  the  face  bdaf  db- 
torted,  and  the  limba  agitated,  ooncurrentljr  with  a  state  of  Coma,  but  without  larjngiiBB; 
with  this  alternated  fits  of  laryngismus,  without  icsenaibility.  and  occurring  dttHag  iIm 
rxpiratory  moTement;  whilst  during  the  whole  of  this  aucceasion,  there  waa  Parmlniirf 
the  extensor  mueoles  of  both  lower  extremities,  with  paroxysms  of  the  most  vioiciit  tad 
prolonged  Cramp  in  one  of  them.  The  mental  phenomena  of  this  case  were  almost  eqaally 
strange ;  for  a  state  of  almoist  Maniacal  excitpuiout  often  came-on  auddenlj,  and  cMwda* 
less  abruptly,'  and  every  form  of  Doable  CouBciouaness,  from  simple  sleep- waking  to  as 
alteroatioD  of  two  very  similar  states  of  mental  exiatence,  presented  itself  during  onelwof 
period  of  the  disorder. — It  is  worth  noting  that  in  thia  case  the  exciting  cauM  of  the  iia- 
order  lay  in  the  disaftpoiDtuieDt  of  nffections  long  cherished  in  aeCret ;  but  the  outh&a 
of  the  nervous  system  had  been  previously  impaired  by  anxiety  and  excescive  —111 
exertion.  The  first  aircess  of  thu  disorder  was  kept-off  by  the  influence  of  a  vejy  detir> 
mined  will ;  but  when  the  matndy  had  fully  developed  itself,  it  resisted  every  ktad  d 
treatment  for  four  years.  The  catamenial  diacharge  remained  very  scanty  duriag  tie 
whole  of  that  time,  and  was  eometimes  absent  altogether ;  and  the  recurrence  of  the  penad 
waa  ainioat  invariably  marked  by  an  aggravation  of  the  spasmodic  attacks,  and  frcqunify 
by  pains  resembling  those  of  the  first  stage  of  labour.  A  slow  and  almost  imperceptiUi 
improvement  was  taking-place,  when  circumslancea  occurred  which  gare  a  new  turn  to  tkt 
feelings;  a  fresh  attachment  was  formed,  which  was  happily  reciprocated;  and  fron  that 
time  the  cure  rapidly  advanced,  the  convulsive  and  paraplegic  affcctinns  being  apccdUf 
recovered-from,  and  nothing  being  left  but  dysmenorrhcea,  which  still  contioaed  to  bt 
occasionally  accompanied  by  severe  crnmpa,  and  sometimes  by  geuernl  coDTolsioa,  eaaa^ 
&o.  This  was  not  altogether  corrected,  though  improved,  by  marriage ;  aad  aay  «■*- 
lional  excitement  of  an  unpleasant  kind  waa  sure  to  produce  an  additional  aggramiiwL 
The  state  of  the  os  uteri  was  then  examined;  and  as  it  was  found  to  be  unduly  eoanadad. 
caatious  dilatation  by  sponge-tents  was  practised.  This  bad  the  best  results;  th*  djraw^ 
norrhoea  soon  abated;  pregnancy  supervened,  and  after  a  miacarringe  (which 
traceable  to  emotional  excitement,  coinciding  with  the  montlily  nisua)  a  second  j 
followed,  which  wenC-on  to  the  full  term;  and  no  return  of  the  spasmodic  at 
since  occurred. — It  is  worthy  of  note  that  iu  thia  cose  there  waa  an  hereditary  pttiStf^ 
aition  to  Gout,  which  seemed  once  to  manifest  itself  in  a  peculiar  affection  of  Ike  I 
about  the  wrist-joint,  of  a  character  rather  gouty  than  rheumatic 

*  8ee  Dr.  Layoook  "On  the  Nervous  DisMses  of  Women,"  pp.  161,  et  seq. 
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when  those  feelings  have  special  reference  to  Bexual  subjects,  thpj  will  eiert  a 
powerful  indirect  influence,  by  fixing  the  naiBd  on  the  genital  system,  and  thereby 
modifying  its  condition  (CHAP.  XV.). — Hence  the  treatment  of  Hysteria  may  he 
considered  aa  requiring  three  classes  of  remcdiul  means ; — tho&e,  namely,  which 
operate  by  improving  the  general  state  of  nutrition  of  the  Nervous  Syht^m,  and 
by  diiuinishiofi  its  excitability,  these  for  the  most  part  acting  through  the  blood, 
and  being  directed  to  the  increase  of  its  nutritive  components  and  to  the  elimi- 
oation  of  any  luorbid  matter  which  it  may  be  suspected  to  contain ;  those,  wcondly, 
which  operate  by  removing  the  exciting  causes  of  the  paroxyara,  among  which  may 
be  specially  reckoned  all  auch  as  promote  the  healthful  performance  of  the  men- 
strual function  ;  and  lastly,  all  those  which  act  beneficiaily  on  the  Mind,  divert- 
ing or  repressing  painful  emotions,  or  substituting  pleasurable  feelings  in  their 
place,  and  strengthening  the  general  control  of  the  Will. 

72-4.  The  foregoing  arc  the  chief  Convulsive  diseases,  in  which  the  Spinal 
centres  generally  are  involved ;  but  there  are  many  spasmodic  afFections  of  a 
more  limited  character,  which  are  traceable  to  a  morbid  affection  of  srime  parti- 
cular division  of  the  Spinal  Axis.  Thus  in  the  various  forms  of  Spasmodic 
Atthma,  the  Medulla  Oblongata  would  seem  to  be  alone  involved;  the  attacks 
of  this  disorder  usually  resulting  from  some  internal  irritation,  either  in  (he  air- 
passnges  themselves,  or  in  the  digestive  .system,  producing  a  reflex  contraction 
of  the  muscular  fibres  of  the  bronchial  tubes  (§  291).  In  the  purely  spasmodic 
stage  of  Iloojung-Coughy  again,  which  frequently  persists  long  after  all  inflam- 
matory symptoms  have  subsided,  we  have  another  example  of  spasmodic  action 
limited  to  the  respiratory  centres;  and  here  we  find  distinct  evidence  that  the 
morbid  condition  originates  in  the  introduction  of  a  poison  into  the  blood.  The 
same  may  be  said  of  the  Croup-like  Cuinfulsiori  or  Cruwintj  Inspiration  of 
Infants,  which  is  an  obsstruction  to  the  passage  of  air  through  the  Glottis,  pro- 
duced by  a  spasmodic  contraction  of  the  coustrictors  of  the  larynx;  for  although 
the  spasmodic  action  may  be  immediately  brought-on  bj'  various  kinds  of  local 
irritation,  such  as  that  oflcasioned  by  teethings  by  the  presence  of  undigested  food, 
or  by  intestinal  disorder,  yet  there  is  no  doubt  that  the  excitable  condition  of  the 
Nervous  Centres,  without  which  these  influences  would  be  inoperative,  is  depend- 
ent upon  a  defect  of  DUtritioo  arising  from  unwholesome  fooil,  bad  uir,  or  some 
other  cause  affecting  the  system  generally.' — Spasmodio  closure  of  the  Larynx 
may  occur  from  other  causes.  When  the  rima  yluttidii  is  narrowed,  by  effusion 
of  fluid  into  the  Hubstance  of  its  walls,  it  is  very  liable  to  be  completely  closed  by 
spasmodic  action',  to  which  the  unduly-irritable  condition  of  the  mucous  mem- 
brane will  furnish  many  sources  of  excitement.  Choking,  again,  does  not  result 
so  much  from  the  pressure  of  the  food  on  the  air-passages  themselves,  as  from 
the  spasmodic  action  of  the  larynx  excited  by  this ;  and  the  diHlodgnicnt  of  the 
morsel  by  an  act  of  vomiting,  is  the  most  effectual  means  of  obtaining  relief — 
Tenesmus  and  Strangtirtf  are  well-known  forms  of  spasmodic  muscular  con- 
traction, excited  by  local  irritation  acting  through  the  Spinal  centres.  The 
abnormal  action  which  leads  to  Ahortiun  (chap,  xvi.)  is  frequently  excited  in 
the  same  manner. — There  is  a  form  of  Incontinence  of  Urijif,  which  is  very 
analogous  to  the  morbid  action  just  described;  the  sphincter  has  its  due  power; 
but  the  stimulus  to  the  evacuation  of  the  bladder  is  excessive  in  strength  and 
degree,  owing  to  the  acridity  of  the  urine  or  other  causes.  The  part  of  the  blad 
der  upon  which  this  appears  chiefly  lo  act,  is  the  trigonum  (which  is  well  known 
to  be  more  sensitive  to  the  irritution  of  calculi,  than  the  rest  of  the  internal  sur- 
face); and  Sir  C  Bell  advises  young  persons  who  suffer  during  the  night  from 
this  very  disagreeable  complaint^  to  lie  upon  the  belly  instead  of  the  back,  so  that 
the  contact  of  the  urine  with  the  trigonum  may  be  dehiyed  as  long  as  possible. — 

*  The  influence  of  "qhange  of  air"  is  often  aa  marked  in  this  disease,  as  it  ia  in  the 
chronic  stape  of  hoopimir-coiiph.  That  an  impure  atmosi>here  h  of  iuclf  suflicieDt  to 
induce  fat&l  oouvulsive  disgrdtsra  La  iii£tkiitd,  has  bMu  pruv«d  «iu  »  former  oooaslou  ({[  338) 
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Various  remedial  agents  will  probubly  be  found  to  operate,  by  oocftsiomog  inc 
excitabilitv  in  some  particular  segments  of  the  Cordj   so  that  tbe  usual 
applied  to  tbe  parts  connected  wilb  tbese,  will  oecasioo  increased  inuscuUrl 
This  seems  to  be  the  case,  for  example,  in  regard  to  the  influence  of  does  i 
rectum  and  uterus,  canlharides  on  the  neck  of  the  bladder  and  adjoining 
and  scenic  cornutum  on  the  uterus.     The  mode  of  influence  of  cjinthand 
illufitrated  by  a  curious  ease,  related  by  Dr.  M.  Hall,  of  a  young  lady  who 
the  power  of  retention  of  urine,  in  consequeDce  of  a  fatty  taniour  in  tie  spioal' 
canal,  which  gradually  severed  the  Spinal  Cord,  and  induced  paraplegia.    Tha 
power  of  retaininnr  the  urine  was  always  restored /or  a  time  by  a  dose  of  tioctore 
of  CantbaridcB,  which  ecems  to  have  acted  by  augmenting  the  activity  of  Halt 
segment  of  the  Cord  with  which  the  sphincter  vesicae  is  connected. 

725.  As  Convulsive  diseases  are  dependent  upon  excessive  activity  of  th* ; 
Spinal  centres,  so  do  various  forms  of  Faralysis  arise  from  disease  of  the  Card, 
affecting  its  proper  ganglionic  substance,  or  the  connections  of  its  nerre-roots 
with  the  Encephalon.     If  the  latter  only  be  impaired,  we  have  an  interniptioD 
"sensibility  and  voluntary  motion,  tbe  reflex  actions  of  the  Spinal  ganglia  being 
11  manifested  ;  but  if  the  former  be  involved,  these  reflex  actions  are  suspended 
no  less  completely  than  are  tbe  eeDsorJ-volitional.     There  are  many  peculiar  pfa 
nomeua  of  Paralysis  depending  on  Spinal  lesion,  however,  which  have  not 
been  explained  on  any  physiological  basis.     Among  these  is  tbe  fact,  to  vhie 
Dr.  Gull  has  prominently  directed  attention,'  that  in  Paraplegia  dependent  npotj 
lesion  of  the  Cord,  there  is  usually  greater  loss  of  motion    than    of  sensatioon 
whiUt  in  Paraplepiu.  dependent  upon  Encephalic  disorder,  or  upon  toxic  agencit 
rather  afiecting  the  peripheral  than  tbe  central  portions  of  the   ncrvotrs  8jstRB 
(as  seems  to  be  generally  the  case,  for  example,  in  poisoning  by  lead^,  affectinoi 
of  tbe  sensibility,  somuttmcs  beginning  with  hyperaesthesia,  and  then  proceedii 
to  more  or  less  complete  anicsthcda,  usually  constitute  the  prominent  sympton 
7'26.  Out  present  knowledge  of  the  Physiology  and  Pathology  of  the  Crrr 
lum  seems  to  justify  tbe  inference,  that  its  special  fuuction  consists  in  the 
ordination  of  voluntary  movements;  and  the  efiects  of  lesions  whose  influcDoe  i& 
limited  to  this  organ,  display  themselves  most  constantly  in  the  inipairmeut 
this  power. — But  there  are  pathological  phenomena  which  seem  to  indicate, 
a  centre  of  sexual  seni<atioa  has  its  place  in  or  near  the  central  lobe  of  the  Ve 
bcllumj  and  that,  according  to  the  degree  of  excitement  or  of  depression  of  i| 
functional  activity,  will  be  the  strength  or  weakness  of  the  sexaal  desire  prompt 
by  the  sensation. 

[Id  the  foregoing  view  of  the  Functions  of  tbe  Nervooa  System,  th«  .^atkn^  hM  endcfr^ 
Toured  to  exhibit  this  most  difficult  and  in  many  ports  obscure  subject,  under  the  twptet 
in  wbicli  it  now  presents  itself  to  liis  own  mind  ;  bclieTing  that  he  could  thus  best  exptaa 
it  to  hi^  readers.      As  hi;)  viens  have  been  nrrived-at  bj  his  own  careful  Btudr  of  thVMb- 
jt'ct,  he  baa  not  thought  it  necessary  to  be  continually  referriog  to  other  Physiolopiti, 
with  whose  doctrines  his  otu  may  have  more  or  less  of  coincidence.     He  would  her«st«t«, 
once  for  all,  that  of  the  older  writers  on  this  branch  of  Physiology,  he  regards  Unzer  aad 
I'rochuaka  (whoae  trentiaes  have  been  lately  re-publiebed  by  the  Sydenham  Sncietj)i~ 
hiiving  displnyed  the  deepest  iDsigbt  into  the  trutli ;  their  doctrines  requiring  little  i 
tJian  the  correction  and  exteasion  which  eabsequeat  anatomioal  disooveries  Lave  alTor 
to  form  part  of  the  present  fabric  of  tbe  science.     And  he  considers  it  as  no  asimpor 
conhrmatioD  of  his  own  views,  that  although  arrived-at  iu  complete  ignorance  of  what 
ifr  hftd  lutig  previously  put-forth,  they  have   {iroved  to  be  in  harmony,  on  all  essential 
points,  with  tboso  of  so  philosophic  and  penetrating  a  thinker. — Of  modern  Neurologtau, 
the  foremost  rank  is  justly  to  be  assigned  to  i^ir  C.  Bell,  for  his  discovery  of  tbe  anatomi- 
cul  distinctness  of  tbe  sensory  and  motor  nerves,  and  for  the  inferences  to  which  this  dii- 
covery  led.     And  tbe  Author  is  quite  of  opinion  that  the  re-discovery  of  the  Reflex  Fn^^l 
tioD  tif  tbe  Spinal  Conl  by  Pr.  M.  Hall  (which  he  believes  to  have  been  entirely  orifjM^| 
ou  that  gentleman's  part)  has  coDJitituted  an  era  of  no  less  importance:  although  Vr.ET^^ 
limtlaLion  of  the  doctrine  of  reflex  action  to  tbe  8pinal  centres,  has  subsequeatlj  tended, 
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in  tbe  Author's  opinion,  rather  to  retard  tbao  to  promote  the  progress  or  Neurology.  In 
extending  this  view  to  the  Sensor;  G&ngUa,  and  in  stiowing  that  Ihcy  minister  to  a  class 
of  reflex  actions  peculiarly  their  own,  the  Author  believes  that  he  may  cltiim  to  have  made 
the  first  definite  attempt  to  free  it  from  this  limitation;  and  for  its  further  extension  to 
the  Cerebrum,  Science  is  indebted  to  Br.  Laycock,  to  whose  Essay  on  the  Reflex  Action  of 
the  Drain,  the  Author  has  already  expressed  bis  obligations.  To  these  he  would  add  the 
oniaea  of  Sir  H.  Holland  and  Dr.  Todd,  as  those  of  writers  from  whom  he  has  derived 
many  valuable  suggestions,  which  have  not,  he  trusts,  been  without  fruit  in  his  own  mind. 
■ — It  is  a  circumstance  not  devoid  of  interest,  that,  during  the  present  century,  notwith- 
standing the  large  amount  of  anatomical  and  experimental  inquiry  which  has  been  directed 
to  the  Nervous  System  both  iu  France  and  in  Germany,  and  the  vnst  addition  to  our  know- 
ledge of  delaiU  which  has  hence  arisen,  the  great  advances  in  the  general  doclrinu  of  thia 
department  of  the  soienco  should  have  been  made  by  firitish  Physiologists.] 


I 
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CHAPTER  XII. 


OP  THE   0BOAN8  OF  THE   SENSES,   AND   THEIB  PtJNCTIONS. 

1. — 0/  Sensi'biJiitf  in  General. 

727.  We  have  seen  that  the  conscioug  Mind  is  affected  by  impressiona  made 
upon  the  corporeal  organism, — or,  iu  other  words,  that  Setisation  is  produced, — 
tbroagh  the  instrumentality  of  a  certain  part  of  the  Encephalon  termed  the 
Sennoriuvif  which  is  the  general  centre  of  the  nerresi  both  of  'special'  and  of 
•  commoa'  sensibility;  the  former  connect  it  with  the  special  Orpaus  of  Sense, 
the  latter  with  the  body  generally,  (o  the  several  parts  of  which  they  are  by  no 
weans  unilbrtuly  distributed,  soiue  tissues  being  ultogether  destitute  of  them. 
Those  parts  uf  the  body  which  are  endowed  with  wnsyry  fibres,  and  impressions 
on  which,  therefore,  give  rise  to  sensntion,  are  ordiuarijy  spoken-of  as  tcufiihl^- ; 
nod  different  parts  are  said  to  be  sensible  in  different  degrees,  according  to  the 
Btrength  of  the  sensation  produced  by  a  corresponding  impression  on  each.  In 
accordance  with  the  general  fact  of  the  dependence  of  all  Nervous  action  on  the 
continuance  of  the  Circulation  of  the  blood  (see  Princ.  of  Gkn.  Phys.,  Am.  Kd.), 
.t  is  found  that  the  sensory  nerves  are  distributed  pretty  much  in  the  same  propor- 
tion as  the  blood-vessels;  that  is  to  say,  in  the  non-vascular  tissues, — such  as  the 
epidermis,  hair,  nails,  cartilage,  and  bony  subslanco  of  the  teeth, — no  nerves 
exist,  and  there  ia  an  entire  absence  of  sensibility;  and  in  those  whoso  vascu- 
larity is  trifling,  as  is  the  case  with  bones,  tendons,  ligaments,  fibrous  membraneB, 
and  other  parts  whose  functions  are  siraply  mechanical,  and  even  with  serous  and 
areolar  uiembranes,  there  are  few  nerves,  and  the  sensibility  ia  dull.  Many  of 
these  textures  are  acutely  sensible,  however,  under  certain  circumstances  ;  thus, 
although  tendons  and  ligamenta  may  be  wounded,  burned,  &c.,  without  giving 
rise  to  much  consciousness  of  the  injury,  they  cannot  be  stretched  without  the 
production  of  considerable  pain ;  and  the  fibrous,  serous,  and  areolar  tissues, 
when  their  vascularity  is  increased  by  inflummation,  also  become  extremely  Stt»- 
oeptiblc  of  paiuful  impressions.  All  very  vascular  parts,  however,  do  not  possess 
acute  sensibility;  the  muscles,  for  instance,  are  furnished  with  a  large  supply  of 
blood,  to  enable  them  to  perform  their  peculiar  function  ;  but  they  are  not  sensi- 
ble in  by  any  means  the  same  proportion.  Even  the  substance  of  the  Lruin,  and 
of  the  nerves  of  special  sensatiou,  appears  to  be  destitute  of  this  endowment ; 
and  the  same  may  be  said  of  the  mucous  membranes  lining  the  interior  of  the 
Beveral  viscera,  whit^'h,  in  the  ordinury  couditiou,  are  luuoh  less  sensible  than  the 
membniucs  that  cover  those  viscera,  nlthough  so  plentifully  supplied  with  blood 
fur  their  e.ipccial  purp<^sos.  The  most  sensible  of  all  parts  of  the  body,  is  the 
Skin,  in  which  the  seti&ory  nerves  spread  themselves  out  into  a  minute  network; 
tad  evsn  of  this  tissue,  the  sensibility  differs  greatly  in  different  parts  (§  733) 
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The  or^ns  of  Special  Sensation  become,  by  the  pecaliar  character  of  the  oe 
with  which  they  are  supplied,  the  recipienta  of  impressioDS  of  a  part jcalar  kin ^ 
thus^  the  Eye  is  sensible  to  light,  the  Ear  to  sound,  &c.',  and  whaterer  uuoq 

lof  ordinary/  seo^ibility  they  poescss,  ia  dependent  upon   other  8«a8or7  ne 
The  eye,  for  example,  contrat7  to  the  usual  notions,  is  a  very  insensible  parti 
ilio  body,  unless  affected  with  inflammation;  for  thou^fh  the  mucous  membra 
which  covers  its  surface,  and  which  is  prolonged  from  the  skin,  is  acutely  setmli 
to  toctile  impreHsiuns,  the  interior  is  by  no  meaoa  so,  as  is  well  known  to  th 
xho  have  operated  much  on  tbb  organ.     And  the  common  sensory  nerves,  wbii 
Hupply  certain  parts  of  the  body,  are  adapted  to  receive  and  convey  to  the 
impressions  of  particular  kinds,  with  much  greater  readiness  than  they  comi 
nicate  those  of  a  different  description  ;  thus  the  sensibility  to   tickling  is  ma 
greater  on  some  parts  of  the  surface  than  on  others ;  and  this  kind  of  tzdA 
meut,  applied  to  the  genitals  or  to  the  nipple,,  produces  sensations  of  a 
peculiar  order. 

728.  An  active  Capillary  Circulation  being  essential  to  the  sensibility  of  < 
part  supplied  with  nerves,  any  cause  which  retards  this  deadens  the  fronsibtlil 
as  is  well  seen  with  regard  to  Cold ;  and,  on  the  other  hand,  an  increase  io  i 
energy  produces  a  corresponding  increase  in  the  sensibility,  as  is  peculiarly  i 
dent  in  the  'active  congestion'  which  usually  precedes  and  accompanies  lof 
mation.     A  diminution  or  increase  of  sensibility  to  external  impressions  mty 
arise,  however,  not  only  from  an  abnormal  state  of  the  circulation  in  the  o:^ 
or  part  itself,  but  from  the  similar  conditions  affecting  that  part  of  the 
rium  in  which  the  tuiprcssitins  arc  received.     Thus  in  those  various  coa4 
of  the  Encephalon,  io  which  either  a  stagnation  of  the  circulation,  or  ao  abii 
ual  state  of  the  blood  (such  as  that  produced  by  an>£Sthetic  agents),  oocssioo 
diminished  functional  activity  in  the  Sensorial  centres,  this  is  marked  by 
ness  to  sensory  impressions ;  on  the  other  band,  in  active  congestion  of  the 
the  most  ordinary  external  intprcsHiona  produce  sensations  of  an  unbeatable 
lencej  and  in  that  peculiar  condition  of  the  nervous  system  known  unc 
name  of  lly8tcrical  (§  723),  the  patients  often  manifest  the  same  byperaest 
even  when  the  circulation  is  in  a  feeble,  rather  than  in  an  excited  state." 
remarkable  that  the  sensibility  of  the  mucuous  membranes  lining  the  inter 

rorgans,  ia  less  esaked  by  the  state  of  inflammation,  than  is  that  of 

and  in  this  arrangement  we  may  trace  a  wise   and  beneficent  plot 

vfiince,  were  it  otherwise,  the  functions  necessary  to  life  could  not  be  pcrfor 
without  extreme  distress,  whenever  a  very  moderate  amount  of  disorder 
exist  in  the  viscera.    If  a  joint  ia  inflamed,  we  can  give  it  rest ;  bat  to  the  i 

of  the  alimentary  canal  we  can  give  little  voluntary  respite. 

720.  It  ia  through  the  medium  of  Sensation,  that  we  acquire  a  knowledge  i 
the  material  Universe  around  us,  by  the  psychical  operations  which  its  chanj 

lexcitc  in  ourselves.     The  various  kinds  or  modes  of  Sensation  Muggat  to  ni 
rarious  ideas  regarding  the  properties  of  matter;  and  these  properties  are  knoi 
I  US,  only  through  the  changes  which  they  produce  in  the  several  organs  (^§  591 
It  is  well  known  that  instances  exist,  in  which,  from  some  imperfection  of 
organization,  there  is   an  incapacity  for  distinguishing  colours  or  musical 
whilst  there  ia  no  want  of  sensibility  to  light  or  sound  ;  and  that   some 
are  naturally  endowed  with  a  much  greater  range  of  the  sensory  faculties,  than 
others  possess.     Hence  it  does  not  seem  at  all  improbable,  that  there 
perties  of  matter,  of  which  none  of  ovr  senses  can  take  immediate 
and  which  other  beioga  might  be  formed  to  perceive,  in  the  same  mannet 
are  sensible  to  light,  sound,  i&c.     Thus  many  animals  are  affected  by  atmospl 

'  The  influence  of  toxic  agents  introduced  into  (be  blood,  ia  producing  AnebsthMUi 
'flyperwetheaitt,  canstilutes  a  very  wide  field  of  inquiry,  which  is  well  deserving  of 
cultivntioii.     It  ia  remuricable  that  L*ad  and  Alcohol *\xou\d  be  capable  of  inducing  < 
of  tluese  states. 
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changes,  in  such  a  Toanner  tliat  their  Bctions  are  rcfi^rded  by  Man  as  indications 
of  ihe  prubable  state  of  the  weather ;  and  the  paiue  is  the  case  in  a  less  degree 
■with  some  of  oar  own  Bpeciop,  who  are  peculiarlj  ausceptible  of  tUe  like  influ- 
ences.— Now  the  most  uoiversal  of  all  the  qualities  or  properties  of  Matter,  on 
which,  ill  fact,  our  notion  of  it  ia  chiefly  founded  (§  584),  is  its  occupation  of 
space,  producing  a  more  or  less  complete  resistance  to  displacement;  and  this 
quality  is  that  through  which  alone  any  knowledge  of  the  external  world  can  be 
obtained  by  a  large  proportion  of  the  lower  Animals;  contact  between  their  own 
Btirface  and  some  material  body,  being  required  to  produce  sensation.  We  shall 
presently  see,  however,  that  the  idea  of  the  t/taf>e  of  a  body  which  we  form  from  the 
touch,  results  frona  a  very  coniplei  process,  such  as  animals  of  the  lower  grades 
can  scarcely  be  supposed  to  exercise.  There  can  be  little  doubt  that,  next  to  the 
mere  sense  of  resistance,  seneibility  to  tempcruture  is  the  most  universally  Jif^ 
fused  through  the  Animal  kingdom ;  and  probably  the  consciousness  of  lumi- 
nosity  is  the  next  in  the  extent  of  its  di<fui>ion.'  It  is  probable  that  the  sense 
of  t/istf^  (which  has  a  close  aflSnity  to  that  of  touch)  exists  very  low  down  in  the 
animal  scale,  being  obviously  of  great  importance  in  the  selection  of  food;  but 
the  Anatomist  has  no  means  of  ascertaining  where  this  refinement  exists,  and 
where  it  does  not;  since  the  organs  of  taste  and  touch  are  very  similar.  The 
sense  of  h^arinff  does  not  seem  to  be  distinctly  present  among  the  Invertebrate 
animals,  except  in  such  as  approach  most  nearly  to  the  Vertebrata;  it  is  not  im- 
probable, however,  that  sonorous  Tibrationa  may  produce  an  efl^eot  up'>n  the 
system  of  those  animals  which  do  not  receive  them  as  sound.  The  sense  of 
ameliy  which  is  concerned  witli  one  of  the  least  general  properties  of  matter, 
appears  to  be  the  least-widely  diffused  among  the  whole;  being  only  possessed 
in  any  high  degree  by  Vortebrated  animals,  and  being  but  feebly  present  in  a 
large  proportion  of  these. 

730.  Besides  the  various  kinds  of  sensibility  which  have  been  just  enume- 
rated, there  are  others  which  arc  ordinarily  associated  together,  along  with  the 
sense  of  material  resistance  (and  its  several  modiEcations),  and  the  sense  of 
temperature,  under  the  head  of  Common  Sensation ;  but  several  of  theui,  espe- 
cially those  which  originate  in  the  body  itself,  can  scarcely  be  regarded  in  this 
ti|E:bt.  Such  are  the  feelings  of  hunger  and  thirst;  that  of  nausea;  that  of  dis- 
tress resulting  from  suspended  aeration  of  the  blood;  that  of  'sinking  at  the 
stomach,'  aa  it  is  vulgarly  but  expressively  described,  which  results  from  strong 
mental  emotion  ;  the  sexual  sense,  and  perhaps  some  others.  —  Now  in  regard  to 
all  these,  it  is  impoRsible  in  the  present  state  of  our  knowledge  to  say,  whether 
their  peculiarity  results  from  the  particular  oonstitution  of  the  nerves  that  receive 
and  convey  them,  or  only  from  a  modiiication  of  the  impressing  causes,  from  the 
particular  endowmeots  of  their  ganglionic  centres,  and  from  the  mode  in  which 
they  operate.  Thus  we  have  no  evidcnoe  whether  the  nervous  fibrils,  which 
convey  from  the  lungs  the  sense  of  distress  resulting  from  deficient  aeration,  are 
of  the  same  or  of  a  difierent  character  from  those  which  convey  from  the  surface 
of  the  air-passages  the  sense  of  the  contact  of  a  foreign  body.  But  as  we  know 
that  all  the  trunks  along  which  these  peculiar  impressions  travel,  do  minister  to 
ordinary  sensation,  whilst  the  nerves  of  truly  *  special '  sensation  are  not  sensible 
to  tiictile  impressions,  it  is  evident  that  the  probability  seoois  in  favour  of  the 
identity  of  the  fibres  which  minister  to  those  sensations,  with  those  of  the  usual 
sensory  character.    Wo  shall  see  that  with  regard  to  the  sense  of  temperature,  there 

•  There  is  good  reaBon  to  believe,  from  observatinn  of  their  habits,  that  man;  animnla 
9X9  soaoQptiblQ  of  the  influeaoe,  and  are  directed  by  the  guidance,  of  liffht,  whoBe  orgaua 
an  not  adapted  to  rei^eive  true  visual  impressions,  or  to  form  optiojil  images ;  anil  hucIi 
would  seem  to  be  the  function  of  tlie  red  spota,  frequenilj  seen  on  prominent  parts  of  the 
lower  ArticalatA  and  Mullusca,  and  even  of  sotue  Radiata.  Wherever  these  are  of  suf- 
ficient site  to  allow  their  Btnicturc  to  be  exnmined,  they  are  found  to  be  largely  supplied 
with  nerres,  but  to  be  destitute  of  the  peculiar  organization  which  alone  couatitut«ei  a 
true  tjit 
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iR  Btrong  eTidence  that  its  peculiarity  depends  on  the  speciality  of  the  appuitos 
by  wliich  impressions  are  received  nt  the  peripheral  extremities  of  the  tKtile 
norvea,  rather  than  upon  any  peculinrity  in  the  trnnsmittinp  fibres  (§  736). 

731.  There  are  certain  external  agencies,  T»hich  can  excite  cbanges  io  tlie 
SenEorium  through  several  different  chancels ;  the  sensation  being  in  etch  case 
characteristic  of  (he  particular  nerre  on  which  the  impreesion  is  made.  Tbu 
prepaure,  which  produces  through  the  nerves  of  common  scDsatioD  the  feclinjrof 
resistance,  is  well  known  to  occasion,  when  exerted  on  the  eye,  the  seneatioDc/ 
lijiht  and  colours;  and,  when  made  with  Bome  violence  on  the  ear,  to  proda(« 
*  tinnitus  aurium.'  It  is  not  so  ea»y  to  excite  sensations  of  taste  and  smell,  bj 
mechanical  irritation  ;  and  yet,  as  Dr.  Baly '  has  shown,  this  may  readily  be  »o- 
coiriplishcd  in  re^rd  to  the  former.  [A  pingnlar  instance  of  deprivation  of  th« 
senses  of  taste  and  smell,  and  of  the  existence  of  subjective  8eD(i«tioDB,  is  related 
by  Mr.  Justice,  in  the  Transactions  of  the  American  Philosophical  Society,  Pbili* 
dc'l[>hia,  1854.  About  nine  months  since,  a  person  of  his  acquaintance  vas 
thrown  from  his  curria]^  while  riding.  In  his  fall,  his  bead  first  came  in  contact 
with  the  ground,  producinp  a  concassioa  of  the  brain.  The  injury  appeared  to 
bavo  been  received  behind,  but  abo\'e  the  ear.  He  was  laid  on  his  bed  in  a  state 
of  total  iDsensihility,  and  so  renmined  for  nearly  a  month,  about  which  time  ht 
revived,  and  to  his  surprise  found  that  he  had  entirely  lest  both  tbe  senses  of 
taste  and  smell.  In  this  situation  he  stilt  remains,  and  it  is  now  equally  iodii 
ferent  to  hitn  what  be  partakes  of  as  food,  as  far  as  repards  all  taste;  — CayeoDi 
pepper  or  saw-dust,  as  he  expressed  it,  being  alike  tasteless.  But,  as  a  coropttt.' 
sation  for  this  loss,  he  enjoys  a  constant  sensation  of  a  n)ost  delightful  cbancter, 
whirh  he  can  onJy  compare  to  the  most  delicious  cordial  flowing  throagh  hi 
mouth.  This  continues  nipht  and  dny,  and  is  particularly  perceptible  when  hi 
lips  ivrti  apart  and  he  inhales  the  air  through  his  mouth.  The  only  intermi**! 
to  this  pleagurnhle  scuKation  is  while  he  is  partiiking  of  his  frxxl. — Ed.] 
sense  of  nausea  may  be  easily  produced,  an  is  familiarly  known,  by  mechanical  ii 
ritalion  of  the  fauces.  Electricity  still  more  completely  possesses  tbe  power 
wlfecting  all  the  sensory  nerves  with  the  changes  which  are  peculiar  to  them 
fur,  by  proper  management,  an  individual  may  be  made  conscious  at  the  famt 
time  of  fiiishes  of  light,  of  distinct  sounds,  of  a  phosphoric  odour,  of  a  peculiar 
tuste,  and  of  pricking  sensations,  all  excited  by  the  s«me  cause,  the  effecla  of 
which  are  modified  by  the  respective  peculiarities  of  the  instruments  tbrott|>)> 
which  it  operates.  — But  although  there  are  some  sfinmli  which  can  produce  sen- 
sory impressions  on  all  the  nerves  of  sensation,  it  will  be  found  that  tho*e  to 
which  any  one  organ  is  peculiarly  fitted  to  respond,  produce  little  or  no  e 
upon  the  rest^  Thus  the  car  cannot  disttngui.sh  the  slightest  difference  betweea 
luminous  and  a  dark  object.  A  funiug-fork,  which,  when  laid  upon  the  ear 
vibrating,  produces  a  distinct  musical  tone,  excites  no  other  sensation  when 
upon  the  eye,  than  a  slight  jarring  feeling.  The  most  delicate  touch  cannot  d 
tinguish  a  substance  which  is  sweet  to  the  ta-sto,  from  one  which  is  bitter;  n 
c:m  the  taste  (if  the  oommunication  between  the  mouth  and  the  nose  be  cut-i 
perceive  anything  peculiar  in  the  most  strongly-odoriferous  bodies.  —  It  may 
hence  be  inftfrred  that  no  nerve  of  special  sensation  can,  by  any  possibility,  takfr> 
on  the  function  of  another. 


2. — Setise  of  Touch. 

732.  By  the  sense  of  Touch,  as  commonly  understood,  is  meant  that  modifica- 
tion of  the  common  sensibility  of  the  body,  of  which  the  cutaneous  surface  i» 
the  especial  seat.  The  Skin  is  peculiarly  adapted  for  this  purpose,  not 
merely  by  the  large  amount  of  sensory  nervous  fibres  which  are  distributed  in 
ilH  substance,  but  also  by  its  possessiop  of  a  papillary  apparatus  in  which  these 
nerves  terminate,  or  rather  commence.  The  papilla!  are  little  elevations  of  the 
'  Iriuislatioa  of  MUller's  "  Elementa  of  Physiology,"  p.  1062  note. 
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I 


eurfaee  of  the  cutis,  usually  simply- 
conical  or  clavaie  id  form  (Pig.  153), 
but  Bometimes  prescatiog  numerous 
suuituits.  On  tbe  palmar  Burfacc  of 
the  hand,  they  are  arranged  in  rows; 
and  they  are  there  bo  imiiieTous,  tbut 
(accordiog  to  E.  II.  Weber)  as  many 
aa  81  compound,  or  from  150  to  '20U 
eimptti  papillae,  are  contniDed  within 
the  area  of  a  square  (Paris)  line.  The 
papilla)  are  also  very  numerous,  though 
without  any  defiuite  arran^emcut,  on 
tbe  red  surface  of  the  lips,  on  the 
penb  of  the  male,  on  the  labia  minora 
aod  clitoris  of  the  female,  and  on  the 


Av:-, 


Vij^'.aii  A 


.^1-. 


Vertical  Section  of  the  Skin  of  the  palmar  tnr- 


nipples  of  both  sexes;,  but  eSaewbere  Tooe  of  the  foro-Goger  (treated  with  n  lolaiion  of 
they  are  scattered  more  widely  apart,  caustic  tods),  abowtng  tbo  branchcf  of  cutaneous 
Each  sensory  papilla  receives  one  or  "f""'  "'  1;. ''"'»<'»'«ti''K  to  form  .terminal 

cv  f  .LI  plexus,  of  which  tbe  ultitDgite  rmmificatioDf  pui 

more    nerve-fibres    from    the    plexHs  l^  ^^^^  ,nuneou»  papilla  e,  c.  c 
which  IS  formed  by  the    inosculation 

of  the  r&miti cations  of  the  cutaneous  nerves  (Fig.  153);  and  these  nerve-fibres 
seem  to  terminate  (at  least  in  tbe  papillae  of  the  palm  of  the  band,  and  of  the 
lips,  and  in  the  simple  papillee 

of  tbe  tongue,  §  741)  in  a  pccu-  Fio.  154, 

liar  *ax>le  body,'  which  occupies 
tbe  principal  purt  of  the  interior 
of  the  papilla  (Fig.  154).  With 
regard  to  the  nature  of  this  body, 
there  has  been  conBiderablc  dis- 
cussion between  Prof.  Wagner, 
its  discoverer,  and  Prof.  KuUi- 
ker:'  the  former  regarding  it  as 
an  organ  altogether  mi  generis ; 
whibt  the  latter  iiiaiotuins  that  it 
is  nothing  else  than  a  mass  of 
homogeoeitus  connective  tissue, 
with  an  external  layer  of  imper- 
fectly-developed eliiBtio  tissue,  and 
that  it  is  essentially  similar  to  the 
bandies  of  fibrous  tissue  encircled 
by  elastic  fibres,  which  are  to  be 
found  in  the  substance  of  the 
cutis.     This  lost  view  is  in  the 


formed 
increased 


continuatioo  and 
development    of    the 


main  supported  by  Mr.  Huxley,    /*"''*  "P"'"  .rom  toe  s^m  e   cae  p..n.ar  s« 
,  '^'^,     ,,       ,1      11)   ■^     of  the  fore-flnifCT,  showinir  tlie  fach/«  corpM*W«*  or  ' 

who  regards  the     ax  lie  body     aa  ^odie.  ■  ;-a,  m  the  n.taml  >Ut«3  a,  treated  with  i 
by  th 


&cid. 


neurilemma  of  the  ncrve-tubcs  which  enter  the  papilla,  and  as  bearing  a  closn 
relation  to  the  'Pacinian  bodies.'*  It  waa  raaintjiined  by  Wagner,  that  the 
papilla}  which  contain  these  bodiea,  and  to  which  nerve-fibres  proceed,  contain 

'See  Prof.  Wagner  in  the  Gottingen  "  Oelcrlite  Nachrichten "  for  Feb.,  1852,  *nd 
"Muiler's  Archiv,"  18.^2,  Heft  4 ;  ami  Prof.  Kimiker  io  "Zeiischrift  fur  Wissenscbafl- 
licbe  Zoologie,"  June,  \^h2,  and  in  bie  •'  Mikroskopische  Aoatomie,"  band.  ii.  p.  24.  S«« 
ftUo  Dalxell.  io  *'Edmb.  Monthly  Journ.,"  March.  1853. 

*  See  his  Memoir 'On  the  Structure  and  RelaUon  of  the  Corpuscula  Tactus,'  in  tbe 
"  Quarterly  Jouraal  of  MicroaoopicaJ  @cienc«,"  toL  ii.  n.  1. 
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Fio.  156. 


CbpUlmry  loopd  in   Cntantout  pa- 
piUa  M  iB«rgia  of  lipi. 


DO  b1oo<l-vessc]8  nTe   by  coalescence  with  a  vascnlar  papilla;  wbiht  the  tbs- 
cular  papillffl  which  contain  capillary  loops  (Fig.  155),  constitute  a  I--;, 

containing  no  nerve-fibre*.     This,  however,  is  deni»>d  by  Prof.  .  wbo 

aEserts  that  the  corpnsculated  papillae  of  the  palm 
of  the  hand  often  contain  vessels,  wbilst  tba  vas- 
cular papillaa  of  the  lip  contain  nerves.  Mr 
Huxley  states  (loc.  cit.)  that  id  the  buman  fio^pr 
be  has  met  with  corpu?culated  papilla?  ooDtuiiU).: 
vascular  loops,  though  rarely.  —  The  question  tmui 
be  regarded  as  still  open  to  investigation;  theitt- 
doubted  association  of  capillary  loops  and  Mtn* 
tubes  in  the  fungiform  papillae  of  the  Ton|iw 
(§  741)  rendering  it  improbable  that  there  ahodd 
be  a  complete  dissociation  of  tbem  in  the  taetila 
papillae  of  the  Skin}  whilst,  on  the  other  band, the 
presence  of  a  true  (vascular)  papillary  structure  where 
a  thick  epidermis  has  to  be  formed,  as  on  the  solo  of  the  foot '  or  the  matrix  of 
the  nail,  seems  to  indicate  that  the  vascular  papillae  of  the  palm  of  the  band  mai 
probably  be  destined  rather  to  this  office,  than  to  participate  in  sensibility.  Ai 
the  '  axile  bodies '  are  only  to  be  found  in  the  papillseof  those  parts  which  are  di»- 
tinguiehcd  for  acuteness  of  tactile  sensibility,  we  cannot  re^rd  them  as  amUal 
to  the  exercise  of  the  sense  of  touch;  their  function  probably  being  to  intamfy 
tactile  iniprassions,  where  delicacy  of  touch  is  particularly  required. 

733.  The  relative  sensibility  of  different  parts  of  the  Skin  may  be  in  eone 
degree  judged-of  by  the  results  of  the  observations  of  Prof.  E.  H.  Weber;  vbcM 
mode  of  asccrtuintn^  it  was  to  touch  the  surface  with  the  legs  of  a  pair  of  oon- 
pasaea,  the  points  of  which  were  gtiarded  with  pieces  of  cork,  and  tbeo  (the  tjM 
being  closed)  the  legs  were  approximated,  until  they  were  brought  witiiin  the 
Hiiialleat  distance  at  which  they  could  be  felt  to  be  distinct  from  one  another, 
which  has  been  termed  by  Dr.  Graves  'the  limit  of  confusion.' — The  following 
are  some  of  the  measurements  thus  taken  : — 


Point  of  tongue  ~... \  of  aline. 

Palmar  surface  of  third  phalanx  1  line. 

Red  surface  of  lips... 2  lines. 

Pnlinar  surface  of  second  pfaaliuix  2  " 
poraal  surface  of  third  phnJauz  8  " 
Palmar  surface  of  nictacarpuB      3     " 

Tipoftbenowe 3     " 

Dorsum  and  edge  of  tongue,.. .«  4  •' 
Part  of  lips  corereJ  by  skin  ....    4     " 

Palm  of  band 6    " 

Skin  of  cheek 6     •♦ 

Eitrcmity  of  great  toe............  6     " 

Hard  pml lite 6     " 

Doreal  surface  of  firat  phalanx..  7  " 
Dor&um  of  hand 8    " 


Mucoiia  membrane  of  gums  ...»«».     9  liota. 

Lower  part  of  forehead 10 

Lower  part  of  occiput IS 

Back  of  hand , «...„   14 

N'eck,  under  lower  jaw «...  16 

Vertex.... ^,„.  16 

Skin  OTer  patella ^....^,.^  16 

— ii— —  sacrum , 18 

acromion 18 

Doreom  of  foot........... ..•..i..   18 

Skin  OTer  stemnm 20 

Skin  beneath  occiput, 24 

81iin  over  spice,  in  bafik. 80 

Middle  of  the  arm 80 

thigh 80 


It  is  curious  that  the  distance  between  the  legs  of  the  compaBses  seemed  to 
greater  (although  really  so  much  less),  when  it  was  felt  by  the  more  aensitii 
parts,  than  when  it  was  estimated  by  parts  of  less  distinct  sensibility.    With  i) 
extremities  of  ibc  fingers  and  the  point  of  the  tongue,  the  distance  cotUd  be 
tinguished  niost  easily  in   the  longitudinal  direction ;   on  the  dorsum    of 
tongue,  the  fnce,  neck,  and  eitrcmilies,  the  distance  could  K-  recogniied 
when  the  points  were  placed  transversely.     As  a  general  fact,  it  Mems  that 
sensibility  of  ibe  trunk  is  greater  on  the  median  line,  both  before  and  behi 

'  The  Bole  of  the  Dog's  foot  Is  furnished  with  vascular  papillup,  the  arrangement 
whose  capillanes  very  strongly  reeeniblee  that  of  the  fungiform  papillw  of  the  tongue^ 
these  seem  to  bo  specially  subservient  to  the  formation  of  its  thick  cuticnlar  ooTtriog. 


I 


I 


I 


and  less  at  tbe  sides.  Differences  in  the  temperature  and  weight  of  bodies,  were, 
according  to  Prof.  Weber's  observations,  most  acfurateiy  recognized  at  the  parta 
which  were  determined  to  be  most  sensible  by  the  foregoing  method  of  inquiry.' 
— It  has  been  since  found,  however,  by  Prof.  Valentin,  who  has  fol!owed-up  and 
extended  Prof.  Weber's  observations,  that  a  considerable  amount  of  individual 
variation  exists  in  regard  to  the  *  limit  of  confusion  ;'  some  persons  being  able  to 
distinguish  tbe  points  at  one-half  or  even  one-third  of  the  distance  required  by 
others. 

734.  As  already  stated  (§  729),  the  only  idea  coramunicated  to  our  raiods  by 
the  sense  of  Touch,  when  exercised  in  its  simplest  form,  is  that  of  RnUttinec  ; 
and  it  is  by  the  various  degrees  of  resistance  which  the  sen-sory  surface  encounters, 
of  which  wo  partly  judge  by  Vhe  niuscuhir  sense  (§  541),  that  wc  estimate  the 
hardness  or  softness  of  the  body  against  which  we  press.  It  is  only  when  either 
the  sensory  surface  or  the  substance  touched  is  made  to  change  its  place  in  regard 
to  the  other,  that  wc  obtain  the  additional  notion  of  ex^ntsi on  or  tpace ;  this  also 
being  derived  from  the  combination  of  the  muscular  with  the  tactile  sense.  By 
the  impressions  made  apon  tbe  papillae,  daring  the  movement  of  the  tactile  organ 
over  the  body  which  is  being  examined,  the  roughness,  smoothness,,  or  other 
peculiar  characters  of  the  turjhce  of  tbe  latter  are  estimated.  Our  knowledge  of 
j'omif  however,  is  a  very  complex  process,  requiring  not  merely  the  exerci-ne  of 
the  sense  of  touch,  but  also  great  attention  to  the  muscular  sensations. — It  is 
chie6y,  as  formerly  remarkedj  in  the  variety  of  movements  of  which  the  hand 
of  Man  is  capable,  that  it  is  superior  to  that  of  any  other  animal  \  and  it  cannot 
be  doublid  that  tbe  sense  of  Touch  thus  employed,  affords  us  a  very  important 
means  of  ac-quiritig  information  in  regard  to  the  external  world,  and  especially  of 
correcting  many  vague  and  fallacious  notions  which  we  should  derive  from  the 
sense  of  Sight,  if  used  alone.  On  the  other  band,  it  must  be  confessed  that  our 
knowledge  would  have  a  very  limited  range,  if  this  sense  were  the  only  medium 
through  which  we  could  acquire  ideas.  It  is  probably  on  the  sensations  communi- 
cated through  the  Touch,  that  the  idea  of  the  material  world,  as  something  external 
to  ourselves  chiefly  rests ;  but  this  idea  is  by  no  means  a  logical  deduction  from 
our  experience  of  these  sensations,  being  rather  an  instinctive  or  intuitive  percep- 
tion directly  excited  by  them  (§  604). 

735.  That  the  conditions  under  which  certain  of  the  modificationa  of  common 
sensation  operate,  are  in  some  respects  different  from  those  of  ordinary  Touch,  is 
very  easily  shown.  Thus,  the  feeling  of  tickling  is  excited  most  readily  in  parts 
which  have  but  a  low  tactile  sensibility,  namely^  the  armpits,  flanks,  and  soles 
of  the  feet;  whilst  in  the  points  of  tbe  fingers,  whose  tactile  sensibility  is  most 
acute,  it  cannot  be  excited,  ftloreover,  the  nipple  is  very  moderately  endowed 
with  ordinaiy  sensibility;  yet  by  a  particular  kind  of  irritation,  a  very  strong 
feeling  may  be  excited  through  it. — Again,  in  regard  to  Temperature,  it  is  re- 
marked by  Weber,  that  the  left  hand  ia  more  sensitive  than  the  right;  although 
the  sense  of  touch  is  undoubtedly  the  most  acute  in  the  latter.  He  stafes  that 
if  the  two  bands,  previously  of  the  same  temperatnre,  be  plunged  into  separate 
baedns  of  warm  water,  that  in  which  the  left  hand  is  immersed  will  be  felt  as  the 
warmer,  even  though  its  temperature  is  somewhat  lower  than  that  of  tbe  other. 
In  regard  to  the  sensations  of  heat  and  cold,  he  points-oat  another  curious  fact, 
that  a  weaker  impression  made  on  a  large  surface,  seems  more  powerful  than  a 
stronger  impression  made  on  a  small  surface  ;  thus,  if  the  forefinger  of  one  hand 
be  immersed  in  water  at  104°,  and  the  wh«le  of  the  other  band  be  plunged  in 

'  See  his  Memoir  '*  De  Pulau,  Tteapiratioike,  Auditu,  et  Tactu,"  Lipsiro,  1834.  Bee  also 
"Rechercbea  sur  la  Nature,  la  DistributioD,  et  I'Or^n  du  Sens  Taokile,"  by  M.  H.  Bel- 
fiold-Leferre,  Paris,  1637;  and  Prof.  Valentin's  "  Lebrbuch  der  Physiologie  dee  Mens- 
cbeu,"  band,  it  \  666. — la  the  Aathor'a  article  'Touch  '  in  the  "  Cyolopnjdift  of  Analomj 
and  Physiulogy,"  vol.  iv.  p.  1 109,  will  be  found  *,  Table,  including  the  wholo  Beries  oi  ob- 
■ervationi  mndo  bv  Profs.  Weber  and  Talentio,  the  matima  aud  minima  of  tbe  Utter  being 
stated  oa  well  oa  the  mtaru. 
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water  »t  102**,  the  cooler  wfltcr  will  be  thoupht  the  warmer;  whence  ihe  r«l\- 
known  fact,  that  water  in  which  a  finger  can  be  held,  will  £cald  the  wholf  hand. 
Hence  it  al^o  foUowp,  that  u)inute  differences  in  temperature,  which  areimpeN' 
ceptible  to  a  sinple  finger,  arc  appreciated  bv  plunginp  the  whole  hand  inlotbt 
water;  in  this  manner  a  difference  of  one-third  of  a  degree  may  readily  be  de.-! 
tected,  when  the  same  hatid  is  placed  sucoefjsively  in  two  vessels.    The  jadcmeoij 
is  more  accurate,  when  the  temperature  is  nol  nriQch  above  or  much  below  tfai 
heat  of  the  body ;  just  as  sounds  are  best  discriminated,  when  Deitber  vciy  acat 
nor  very  grave. 

736.  Some  further  experiments   have  more   recently  been    made  by 
Weber,'  to  determine  whether  the  sense  of  Temperature  i.s  received  through  ani 
other  chanuel  than  the  gensory  apparatus  contained  in  the  interments. — Th 
first  means  of  which   he  availed  himself  for  deciding  this   rjueslion.  wag 
afforded  by  the  results  of  accident  or  surpical  operations,  in  which  a  portion 
skin  had  been  left  deficient.     Thus,  in  three  cases  in  which  a  large  portioD 
the  skin  had  been  destroyed  by  a  burn,  and  in  which  healing  had   not  advane 
so  far  as  to  renew  the  organ  of  touch,  it  was  found  that  no  correct  discrii 
tion  could  be  made  between  two  spatulas,  one  of  them  at  a  temperatare  of  fn 
48°  to  54^,  the  other  of  from  11^°  to  122°,  which  were  brought  into  conlw 
with  the  denuded  surface;  so  thnt  one  of  these  patients  thrice  affirmed  that 
was  being  touched  with  the  cold  body,  when  it  was  warm,  and  the  reverse.     Bl 
when  the  spatula  was  in  one  instance  made  somewhat  warmer,  and  was  brou^li 
into  contact  with  the  unskinned  surface,  the  patient  felt  not  heat  hut  pain. 
Another  means  of  gaining  infonnation  on  this  point,  is  afforded  by  the  ing»*tio 
or  injection  of  a  large  cjuuniity  of  warm  or  cold  fluid  into  the  stomach  or  int 
tinal  canal.     Thus  Profcasor  Weber  states,  that  after  drinking  a  tumbler  of  watt 
at  82^,  he  felt  the  cold  water  in  the  mouth,  in  the  palate,  and  in  the  pharyni 
as  far  as  the  limits  of  the  sense  of  touch ;  but  the  gradual  passage  of  the 
water  into  the  stomach  could  not  be  perceived.     There  was,  it  is  true,  a  sliel 
sensation  of  cold  in  the  gastric  region;  but  as  it  only  occupied  tbe  sihiaiion 
the  anterior  wall  of  the  stomach,  it  was  attributable  to  the  abstraction  of  be 
from  tbe  abdominal  integuments  in  contact  with  this.     In  an  opposite  ei 
ment,  the  author  drunk  quickly  three  glasses  of  milk,  the  temperature  of"  tl 
first  of  which  was  158°,  that  of  the  second  146°,  whilst  that  of  the  third  was  it 
termediafe  between  the  two.     The  sensation  of  heat  could  not  be  tractd  lowe 
down  than  that  of  the  cold  in  the  previous  experinient.     At  the  moment  whei 
the  fluid  entered  the  stomach,  there  was  a  feeling  which  remained  for  some  timt 
but  which  coutd  not  be  distinguished  as  heat,  being  mistakeable  for  cold.     I^ 
order  to  ascertain  tbe  sensation  produced  in  tbe  large  intestine  by  cold  water,  aal 
injection  of  14  ounces  of  water  of  tbe  teiuperature  of  65°  was   thrown  up  tho 
rectum ;  but  scarcely  any  sensation  of  cold  could  be  perceived  from  it.     In  an 
other  instance,  21  ounces  of  water  at  tbe  same  temperature  were  thus  inject< 
without  any  resulting  scnwition  of  cold.     In  both  these  cases,  on  tbe  return 
the  enema  a  few  minutes  afterwards,  a  distinct  feeling  of  cold  was  ezperienc 
at  the  anus.     When  water  of  so  low  a  tempernture  as  45i°  was  injected,  the  fir 
feeling  excited  was  a  sensation  of  cold  in  the  immediate  neighbourhood  of  tl 
atius,  and  then  a  feeble  movement  in  the  bowels  j  but  a  little  time  after 
there  was  a  faint  sensation  of  cold,  especially  in  the  anterior  wall  of  the  abdomc 
This  sensation,  however,  remained  after  the  return  of  the  water;  and  may  benee'^ 
be  attributed  to  the  abstraction  of  warmth  from  the  abdominal   integamcDtSf 
which  was  proved  to  have  taken  place,  the  temperature  of  the   surface  bdog 
lowered  3°.     8o,  again,  if  the  cavity  of  the  nose  be  filled  with  oold  water,  tbe 
coldue«a  is  only  perceived  in  the  parts  of  the  cavity  which  are  most  endowed  with 
tbe  proper  tactile  sense,  namely,  the  neighbourhood  of  the  nostrils  and  of  tb« 
pharyax;  and  it  ia  not  nt  all  discernible  in  the  higher  part  of  the  caTity,  «Li4  ~ 
•  "Mttller's  ArcbJT.,"  1843,  heft  it.,  «.  73—283. 
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18  especially  subservient  to  the  olfactory  sense.  But  when  the  water  injected  la 
?ery  cold  (e.  y,  41"),  a  peculiar  pain  is  felt  in  the  upper  part  of  the  najml  fossae, 
eztcoding  to  the  regioas  of  the  forehead  and  the  lachrymal  canals;  tbia  pain, 
however,  is  altoj^ether  different  from  the  sense  of  coldness. 

737.  From  the  foregoing  experiments  it  appears  fair  to  conclude,  that  the 
sensory  nerves  have  no  power  of  receiving  impressiong  indicative  of  difference  of 
Temperature,  unless  those  impressions  are  communicated  through  a  special 
orgiiQ  ;  hut  they  afford  no  adequate  ground  for  the  supposition,  that  a  set  of  nerve- 
fibres  is  provided  for  their  transmission  distinct  from  those  which  njinisler  to 
common  scnsatioD.  Thid  condition  is  confirmed  by  the  fact,  that  vie  cannot 
excite  impressions  of  heat  or  cold  by  direct  application  to  the  trunks  of  nerves 
which  we  know  must  conduct  such  iiupre^ions  :  fur  the  parts  of  the  skin,  imme- 
diately huneath  which  lie  large  ncrve-truuks,  are  not  more  sensitive  to  moderate 
heat  or  cold  than  are  any  others;  whilat  a  greater  degree  of  either  is  felt  as  pain, 
not  as  a  change  of  temperature.  Thus,  a  mixture  of  ice  and  water,  applied  over 
the  ulnar  nerve,  affects  it  in  fifteen  seconds,  and  produces  severe  pain,  having  no 
resemblance  to  cold,  and  such  as  cannot  be  excited  by  the  same  degree  of  cold 
applied  to  any  other  region.  So  the  nerve  of  the  tooth-pulp  is  equally  and  simi- 
larly affected  by  water  of  43"'  and  of  1 12° ;  either  application  causing  a  pain 
exactly  similar  to  thai  excited  by  the  other,  or  to  that  produced  l>y  pressure. 
The  8ame  is  true  of  the  impreasiona  received  through  the  skin  itself,  when  they 
pass  beyond  certain  limits  of  intensity;  thus,  the  sensation  produced  by  touching 
frozen  mercury  is  said  to  be  not  distinguishable  from  that  which  results  from 
touching  a  red-hot  iron. 

738.  The  improvement  in  the  sense  of  Touch,  in  those  pcrsous  whose  depend- 
ence upon  it  is  increiiscd  by  the  loss  of  other  senses,  is  well  known ;  this  is 
doubtless  to  be  in  part  attributed  (as  already  remarked)  to  the  increased  attention 
which  is  given  to  the  sensations,  and  in  part,  it  may  be  surmised,  to  an  increased 
development  of  the  tactile  organs  themselves,  resulting  from  the  frequent  use  of 
them.  The  process  of  the  acquirement  of  the  power  of  recogaizpdf  elevated  cha- 
racters by  the  touch,  is  a  remarkable  example  of  this  improve^ility.  When  a 
blind  person  first  commences  Iparning  to  read  in  tiiis  manner,  it  ia  necessary  tc 
use  a  large  type ;  and  every  individual  letter  must  be  felt  for  some  time,  before 
a  distinct  idea  of  its  form  is  acquired.  After  a  short  period  of  diligent  applica- 
tion, the  individual  becomes  able  to  recognize  the  combination  of  letters  in 
words,  without  forming  a  separate  conception  of  each  letter;  and  can  read  line 
after  line,  by  passing  the  finger  over  each,  with  considerable  rapidity.  When 
thi.s  power  is  once  thoroughly  acquired,  the  size  of  the  typo  may  be  gradually 
diminished;  and  thus  blind  persona  may  bring  themselves,  by  sufficient  practice, 
to  read  a  type  not  much  larger  than  that  of  an  ordiuury  large-print  Bible.  The 
case  of  Siiunderson,  who,  althougb  he  lost  his  sight  at  two  years  old^  became 
Professor  of  Mathematics  at  Cambridge,  is  well  known;  amongst  his  raoat  re- 
markable faculties,  was  that  of  diettiuguishing  genuine  medals  from  imitations, 
which  he  could  do  more  accurately  than  many  connoisseurs  in  full  possession  of 
their  senses.  Several  instances  are  recorded,  of  men  who  became  emiticut  as 
Sculptors  after  the  loss  of  their  sight,  and  who  were  particularly  successful  ia 
modelling  portrait-busts :  here,  it  ia  obvious,  not  merely  the  (acfilc  but  the  TnH»- 
cu/ar  sensibility  must  be  grcaily  augmcnicd  in  acutenesa  by  the  habit  of  attend- 
ing to  it.  The  power  of  immediate  recognition  of  iodividuals  by  the  slightest 
conkict  of  the  hands,  even  aliter  long  periods  of  time,  which  most  blind  and  deaf 
persons  have  displayed,  ia  one  of  the  most  curious  examples  of  the  mode  io 
which  tactual  perceptions  will  impress  themselves  on  the  memory,  when  they  are 
habitually  attendcd-to.  As  an  example  of  the  correct  notions  which  may  be  con- 
veyed to  the  mind,  of  the  forms  and  surfaces  of  a  great  variety  of  objects,  aud 
of  the  sufficiency  of  thene  notions  for  accurate  comparison,  the  Author  may  men- 
tion the  case  of  a  blind  friend  of  his  own,  who  has  acquired  a  very  completo 
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knovledge  of  Conchology,  both  recent  and  fossil ;  and  who  is  not  onlj  able  to 
recognize  every  one  of  the  numerous  specimens  in  his  own  cabinet,  bat  to  men- 
tion the  nearest  alliances  of  a  t<hell  previously  unknown  to  him,  when  be  has 
thoroughly  examined  it  by  his  touch.  Many  eiinilar  instances  mi^ht  be  cited, 
one  of  tlie  mo^^t  remarkable  being  that  of  John  Gough,  who,  though  blind,  was 
a  noted  botanical  collector,  and  earned  his  livelihood  as  a  land-surveyor.  Seversl 
cases  are  on  record,'  of  the  acquirement,  by  the  blind,  of  the  power  of  distin- 
guishing the  colours  of  surfaces  which  were  similar  in  other  respects;  and.  how- 
ever wonderful  this  may  seem,  it  is  by  no  means  incredible.  For  it  is  to  h«  re- 
membered, that  the  difference  of  colour  depends  upon  the  position  and  arrange- 
ment of  the  particles  composing  the  surface,  which  render  it  capable  of  reflecting 
one  ray  whilst  it  absorbs  all  the  rest;  and  it  is  quite  consistent  with  what  we 
know  from  other  sources,  to  believe  that  the  sense  of  Touch  may  become  so 
re£ned,  as  to  communicate  a  perceptioD  of  such  di£fereQce8.' 

3.   Sense  of  Taste. 

739.  The  sense  of  Taste  is  that  by  which  we  distinguish  the  sapid  properties 
of  bodies.  The  term,  as  commonly  understood,  includes  mnch  more  than  this; 
being  usually  employed  to  designate  the  whole  of  that  knowledge  of  the  qualities 
of  a  body  (except  such  as  is  purely  tactile),  which  we  derive  through  the  sensory 
apparatus  situated  within  the  mouth.  But  it  will  be  hereafter  shown  that  a  con- 
siderable part  of  this  is  dependent  upon  the  assistance  of  the  ol/activt  sense 
(§  743) ;  which  is  afiected,  through  the  posterior  nares,  by  the  odorous  eraanar 
tions  of  all  such  bodies  as  are  capable  of  giving  them  off:  and  the  indications  of 
which  are  so  combined  with  those  of  the  true  gustative  sense,  as  to  make  an  appa- 
rently-single impression  upon  the  Senaorium.  Moreover,  there  are  certain  senso- 
rial impressions  received  through  the  organ  of  taste,  which  are  so  nearly  allied  io 
their  character  to  those  of  tmich^  as  to  render  it  difficult  to  specify  any  fundamen- 
tal difference  between  them :  such  are  the  pvvgcnt  sensations  produced  by  mos- 
tjird,  pepper,  the  essential  oils,  &o.  ;  all  of  which  substances,  when  applied  for  i 
suffieieDt  length  of  time  to  any  part  of  the  cutaneons  surface,  produce  a  sensstioD 
which  can  scarcely  be  distinguished  from  that  excited  through  the  organ  of  taste, 
in  any  other  way  than  by  its  inferior  intensity,  and  by  the  absence  of  the  concur* 
rent  odorous  emanations.  The  tatfe  of  such  substances  might  therefore,  perhajw, 
be  considered  as  the  composite  result  of  the  impressions  made  upon  the  sensorinm 
through  a  refined  and  acute  touch,  and  by  the  effect  of  their  odorous  emanations 
upon  the  organ  of  s7ncfL  After  making  full  allowance,  however,  for  all  such  as 
can  be  thus  accounted- for,  there  remains  a  large  class  of  pure  sapors,  of  which 
we  take  cognizance  without  the  assistance  of  smell,  and  which  are  altogether  di* 
similitr  to  any  tactile  iinpressiona :  such  are  the  bitter  of  quinine,  the  tovr  of  tar- 
taric acid,  the  nccet  of  sugar,  the  taliue  of  common  salt,  &c.  The  smell  can  giv« 
us  no  asfiii*tance  in  distinguishing  small  particles  of  these  bodies,  mice  they  are 
either  entirely  inodorous,  or  so  nearly  so  as  only  to  be  recogniiable  through  its 
means  when  in  large  masses;  and  the  most  refined  touch  cjinnot  afford  any  indi- 
cation of  that  kind  of  difference  among  them,  of  which  we  are  at  once  rendered 
cogniiant  by  taste. — Of  all  the  'special'  senses,  however,  that  of  Taste  is  most 
nearly  allied  to  that  of  touch,  as  appears  from  several  considerations.  In  the 
first  place,  the  aritial  contact  of  the  object  of  sense  with  the  organ  through  wltich 
the  impre.asion  is  received,  is  necessary  in  the  present  case,  as  io  the  preceding. 

'  Among  the  best-authenticated  of  these,  is  that  of  a  Udy  who  became  blind, 
ftflerwanl-s  deaf,  in  consequence  of  an  atuck  of  confluent  small-pox ;  cited  in  I>r.  Bttfl^ 
"Lost  SenscB,"  toI,  ii.  p.  79,  from  the  "Annual  Register"  for  1768.  —  Dr.  Ettto'i  trfi 
tise  m%j  bo  referred-to,  aa  containing  a  large  collection  of  interesting  cases  of  a  aiiaii 
doBcription. 

•  For  some  additional  details  in  regard  to  the  sense  of  Touch,  see  the  Aatbor^a  irtid* 
'Touch'  in  the  " Cjclupiedia  of  Anntom^  nnd  PLjsiologj,  vol.  it. 


I 


I 


Again,  it  appears  from  the  considerations  formerly  adduced  (§  405),  that  there  is 
no  special  nerve  of  Taste;  for  the  pustfitive  inipressioDB  upon  the  front  of  the 
toDgue  are  conveyed  by  the  Lingual  branch  of  the  Fifth  pair,  whil&t  those  made 
uf)ou  the  bock  of  the  organ  are  conveyed  byibe  Ulosso-pharyn^ul,  both  of  which 
nerrefl  also  minister  to  common  sensibility;  and  pressure  on  the  trunk  of  either 
of  these  nerves  gives-rise  to  pain,  which  h  not  the  case  with  cither  the  olfactory, 
the  optic,  or  the  auditory  nerves.  Moreover,  the  papillary  apparatus,  through 
which  the  guatative  impressions  are  made  upon  the  eitremities  of  these  nerves,  is 
essentially  the  samo  in  structure  with  that  of  the  Eikin. 

740.  For  the  Gustative  nerve-fibrea  to  be  impressed  by  the  distinctive  proper- 
ties of  sapid  substances,  it  appeura  requisite  that  these  substances  should  be 
brought  into  immediate  rolation  with  them,  and  that  they  should  penetrate,  in 
the  state  of  ^lution,  through  the  investments  of  the  papillro,  into  their  substance. 
This  would  seem  to  be  proved  by  the  two  following  facts:  first,  that  every  snb- 
sCance  which  possesses  a  distinct  taste  is  more  or  less  soluble  in  the  fluids  of  the 
mouth,  whilst  substances  which  are  perfectly  insoluble  do  not  make  their  presence 
known  in  any  other  way  than  through  the  sense  of  touchy  and,  second,  that  if 
tiie  most  sapid  substance  be  applied  in  a  dry  state  to  the  papillary  surface,  and 
this  be  also  dry,  no  sensation  of  taste  is  eioited.  Hence  it  may  be  inferred  that, 
in  the  reception  of  gustative  impressions,  a  change  is  produced  in  the  molecular 
condition  of  the  nerve-fibres,  or,  to  use  the  language  of  Messrs.  Todd  and  Bow- 
man, their  polarity  is  excited,  by  the  direct  agency  of  the  sapid  matter  itself. 
This  change  may  be  induced,  however,  both  by  electrical  and  by  mechanical  sti- 
tnulation.  If  we  make  the  tongue  form  part  of  a  galvanic  circuit,  a  peculiar  sen- 
sation is  excited,  which  is  certainly  allied  mthcr  to  the  gustative  than  to  the  tac- 
tile, and  which  does  not  seem  to  be  due  (as  was  at  one  time  suppoised)  to  the 
decomposiiion  of  the  salts  of  the  saliva.  And,  as  Dr.  Baly  has  pointed-out,'  "if 
the  end  of  the  finger  be  made  to  strike  quickly,  but  lightly,  the  surface  of  the 
tongue  at  its  tip,  or  its  edge  near  the  tip,  so  as  to  affect  not  the  substance  of  the 
organ,  but  merely  the  papilla),  a  taste  sometimes  acid,  sometimes  saline,  like  the 
taste  produced  by  electricity,  will  be  distinctly  perceived.  The  sensation  of  laste 
thus  induced,  will  sometimes  continue  several  seconds  after  the  application  of  the 
mechanical  stimulus."  On  the  other  hand,  as  Wagner  has  truly  remarked,  if  the 
surface  of  the  tongue  near  the  root  be  touched  with  a  clean  dry  glass  rod,  or  a 
drop  of  distilled  water  be  placed  upon  it,  a  slightly  bitterish  sensation  is  pro- 
duced; and  this,  if  the  pre^ure  be  continued,  passes  into  that  of  nausea,  and  if 
the  pressure  be  increased,  even  excites  vomiting.  The  feeling  of  nausea  may  be 
excited  by  mechanical  irritation  of  any  part  of  the  surlace  of  the  fauces  or  soft 
palate ;  and  this  feehng  is  certainly  much  more  allied  to  that  of  taste,  than  to  that 
of  touch.  Further,  it  has  been  observed  by  lleiil^',  that  if  a  small  current  of  air 
be  directed  upon  the  tongue,  it  gives  ri.se  to  a  cool  saline  taste  like  that  of  salt- 
petre. Thus  we  find  that  the  peculiar  effects  of  sapid  substances  upon  the  nerves 
of  taste  may  be  imitated  to  a  certain  extent  by  other  agencies :  and  it  also  appears 
that  the  sensations  excited  by  these  vary  according  to  the  part  of  the  gustative 
eurfuce  on  which  they  operate;  mechanical  or  electrical  stimulation  of  the  front 
of  the  li:)ngue  giving  ^i!^e  to  a  kind  of  saline  taste,  whilst  mechanical  stimulation 
applied  to  the  back  of  tbe  tongue  and  fauces  excites  the  feelings  of  bitterness  and 
nausea. — One  of  the  conditions  requisite  for  the  due  exercise  of  the  guatative 
Sense,  is  a  temperature  not  departing  far  on  either  side  from  that  which  ia  natu- 
rd  to  the  body.  It  appears  from  tbe  experiments  of  Prof.  E.  II.  Wcbcr,^  that 
if  tbe  tongue  be  kept  immersed  for  nearly  a  minute  in  water  of  about  125°,  the 
taste  of  sugar  brought  in  contact  with  it,  either  in  powder  or  solution,  is  no  longer 
perceived  ;  the  sense  of  touch,  usually  so  delicate  at  the  tip  of  timtougue,  being 
also  rendered  imperfect.     A  similar  imperfection  of  taste  and  touch  was  produced 

'  TraostatioD  of  "  Miiller's  Ph.vaiotogj,"  p.  1062,  note. 

*  "MiillerB  Arcbiv.,'  1847,  b.  842. 
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by  iminersiDg  the  toogue  for  the  same  length  of  time  in  a  tnixture  of  water  and 
broken  ice. 

741.  The  Burface  of  the  Tongue  is  undoubtedly  the  epccial  seat  of  gustative 
aeneihiltty  in  Man ;  thoupb  the  senee  of  TasJe  is  not  by  any  means  restricted 
to  that  orpnn,  beinp  diffused  iu  a  less  degree  over  the  soft  palate,  the  arches  of 
the  palate,  and  the  fauces.  It  is  on  the  tongue  alone,  however,  that  the  papil- 
lary apparatus  is  fully  develnped ;  and  its  structure  has  been  so  carefully  exsiu- 
ined  and  described  by  Mesars.  Todd  and  Bowman,'  that  little  remains  to  be  added 
to  their  account  of  it.  The  lingual  papillaa  may  be  divided,  in  the  first  place,  into 
the  Simple  and  the  ComjHfund ;  the  former  of  which  had  previously  escaped  ob- 
servation, through  not  forming  any  apparent  projection.  The  Simplt  papillae 
(Fig.  157)  are  scattered  in  the  iutervak  of  the  compound,  over  the  general  suJrface 
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Simple  pupillm  near  the  b«fle  of  the  tongue:  A,  «,< 
ocaled  uufirr  the  ciitlhclium  ;  6,  uncorered  by  \\ — 3 
fled  10  diatueter^.  ti.  a.  Arterial  twig,  aupplyiof 
cnpillarj  loop;,  e.  Vein.  The  reseeli  are  all  contuaef 
ToPfT^e  aoei)  vn  iti  upper  surffloe :  a.  One  within  the  iine  (.  b,  of  bucmeDt-membrane.  c.  e.  Deepei 
of  tbe  oircumvitllalv  pnpUlo?.  6.  Ooeur  the  epithetL&I  particles  rc«ting  on  the  ba«eiiieDt-nieinbfU» 
funjornrm  pnpillic.  Numbers  of  the  conicnl  d.  Sealy  epithelium  on  tbo  furfara.  The  gTsralar  io(eri<« 
pikpilln}  are  <een  about  d,  and  eljewbore.  of  the  p&pillte  i«  repreacnted  at  e.  c.  Papillia  in  which 
r.  Glotiii,  cpigloltif,  and  gh>Mo-epi{r1'>tu-  the  ha^cDienl-mrtiihraiie  ii  not  risible;  and  the  deep  laj<r 
dean  folds  of  mucoua  membrane.  From  of  epithelium  seems  to  rest  on  the  capillary  loop. — Msgni- 
Ftommering.]  fled  200  diameters.] 

of  the  tongue;  and  they  occupy  much  of  the  surface  behind  the  circumvilli 
variety,  where  no  compound  papilla;  ciisit.  They  are  completel}' buried  and  conceall 
beneiith  tbe  continuous  sheet  of  epithelium,  and  can  only  be  detected  when  ti 
menibnno  hni^  been  removed  by  maceration ;  they  arc  then  found  to  have  the  geol 
ral  cbanioter?  of  the  cutaneou?  pnpillo;.     The  CuvijHAttuI  papillae  (Fig.  158) 
visible  to  the  naked  eye;  and  have  been  classified,  according  to  their  shape,  into  i 
rircumvaliijti'f  the/itnyi/orm,  and  the  filiform.     The  circumvalhite  or  calyciform 

'•Fbjaiological  Anatomy  and  Phyaiologj  of  Man,"  p.  880,  Am.  Bd, 
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A.  Compound  pnpillw  on  the  «ide  of  the  rummeo  cacom,  injectod ;  a,  a.  Arterial  iw\gt. 
t,  r.  Veina.  Tbe  capillapr  Imps  indicAle  the  gicnpld  papilla};  in  one  of  which,  b,  tlic  injeoied 
matter  hu  b«en  eitrttviuattd  iritbin  tho  b<lt(^tal'nt-me(nbraIlo  of  the  papillse,  tho  outiiuo  of 
which  ij  thuB  dlstiogulsliod.  c  Ca|>SIlAry  piczuf,  where  no  papillm  txiil.  »,  «.  External  lur- 
faoe  of  the  epttbelium  of  the  piipillte. — Magnified  15  diameters. 

S.  One  of  the  simple  piipillsQ  of  & :  a,  r,  n.  Arterial  and  reaous  sidei  of  the  capillary  loops. 
h,  b.  BafemeDt-motnbraoe.  d.  Deeper  epilbelial  {lartiolea  resting  on  the  baaemont-membnuie. 
•.  Scaly  epithelium  on  the  lurfaoe.     Maj^nifled  30l>  diamet«r«4 

FFiO.  159. 
VerticalfeotiOQof  oneof  the  olroumvallate  papillffl  :  _^    .  ,  _  _ 

n.  Central  part,    b,  b.  Border.    e,e.  Fi;>sure  between 

centre  and  border.     The  Becondnry  papiilut  are  seen 

eorered  by  the  epithelinin.     Biinilnr  papilloi  are  leeo, 

d,    d,    on    the    meBibrune    beyond.  —  Magnified     8 

dtamelers.]  ^      '  '    "     "^ 

pnpilia?  (Fig.  159)  are  eight  or  ten  in  number,  and  are  situated  in  aV-ehaped  line 
at  the  base  of  the  tongue  (Fig.  156),  Eacli  consists  of  a  central  flattened  circular 
projection  of  the  macous  membrane,  flarroundtd  by  a.  tumid  ring  of  about  the  aume 
elevation,  from  which  it  iBseparuled  bj  a  narrow  circular  fissure  (Fig.  150).  Tbe 
surface  of  both  centre  and  border  ia  gmor»ih>  and  ia  invested  by  scaly  epithelium, 
which  conceals  a  muititude  of  simple  papillao.     IhG  fmuji/orm  papilUse  (Fig.  IGO) 
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loiriform  pap'tlln,  nhowiof;  the  tecondary  papillas  on  ita  snrbee,  and  at  a  it4  epitbelinm 
Obvering  ihem  over. — Mai^niGed  35  dinmctert. 

».  Another,  with  the  capillary  loopi  of  ite  limple  papltloB  Ii^ected.  o.  Artery,  v.  Vein. 
Tbe  groove  aroond  the  baie  of  aome  of  the  funsiform  papilla  U  here  represented  oa  well  li 
Um  «ayiilary  loops,  e,  c,  of  some  neighbouring  simple  papilJte. — Magnified  IS  diam«t«rb.J 
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are  ■c»ttercd  singly  over  the  tongue,  chiefly  upon  its  sides  and  tip. 

iect  considerably  from  the  surfate.  and  are  usually  narrower  at  their 
at  their  suiumtt.     They  contain  a  complex 
plexus  (Fig.  ICl),  the  terminal  loops  of  trbichJ 
the  numerous  simple  papilla?  that  clothe  the 
of  the    fungiform   body,       Amidat   thoM  lie  nerTe«j 
tuk.>8,  which  probably  have  a  looped  arraDgemeDt;*! 
and  the  epithelium  which  coversi  them  is  so  thio,  «J 
to   allow  the  red    colour   of  the    blood    to  be 
through  it.     In  this  manner  they  are  readily  di^tii 
guished  from  the  filiform  papillae,  among  which  tbe 
lie.     The  ^Vi/f/rm  papillae,  like  the  preceding,  contail 
a  plexus  of  capillaries,  and  a  bundlo  of  nerve-fibr 
both  terminating  in  loops,  which  eiiter  the  simi 
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a.    &    A  <•       *^ 

A.  VflrtieaJ  flection  neiir  Ibe  middle  of  the  dorral  riHliM  of  the  tongne;  a,  a.  FungittMV 
papillw.  h.  Piliforia  papillic,  vitli  ibeir  bwr-Ukfl  pro<^siei.  c.  Similmr  onea  deprired  of  tiuk 
epithelium. — Magnified  2  dLimetera. 

a.  Fiiiform  cocDpaupJ  popillirc:  a.  Artery,  e.  Vein.  e.  Capiliary  loopi  of  the  Mcoadtfj 
pa{>illat.  h.  Line  of  baaemoDt-mtfiubrane.  d.  Secondary  papilla;,  deprired  of  e,  «,  the  «pithf- 
iJum.  /.  Hair-Uke  pracesaes  of  epithelium  capping  the  tiinplo  papilln. — Ma^id«d  26  diua*- 
tera.     i^.  Scpnra.ted  DucleaLed  particleJ  of  epitbcliam  tnftgniflcd  300  diacietera. 

1,  %.  Hiiir«  foand  on  the  furface  of  the  ton^o.  3,  4,  b.  Endi  of  bair-Iike  epith«li»l  pro> 
eeiaeSi  ihowin^  varieties  In  the  imbricated  arrnngoment  of  the  partirlci,  but  in  all  ■  coalo- 
eence  of  the  particlea  towardi  tbo  point.     &  incloteii  a  loH  hair. — Ma^ified  100  diaaeicn.] 

'  The  Author,  in  conjunction  with  Messra.  Bowtnfta,  T.  'Hliarton  Jonea,  and  Kieniu. 
hftH  roost  earefully  examined  the  mode  of  lermination  of  the  ncrveB  in  the  fungiform  j*- 
pillir,  with  the  view  of  testing  the  Talvility  of  the  fls?ortif«n  of  Dr.  Waller  (♦'  Phil.  TnHU-." 
]  640)  that  tbej  have  free  trun<:ated  extremitiea.  ^o  such  tcrminaliona,  however  coald 
be  exbibited  lo  them  "by  Dr.  Waller. 
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papilla;  thnt  clothe  the  eurface  of  the  compound  hotly ;  but  instead  of  beinj;; 
oovur<jd  with  a  thin  scaly  epithelium,  they  are  furnished  with  buiidlos  of  long 
pointed  processes,  some  of  which  approach  hairs  in  their  stifTncss  and  structun. 
(Fig.  162.)  These  are  imnierst'd  in  the  mucus  of  the  mouth,  and  may  be  moved 
in  any  direction,  though  they  are  generally  inclined  backwards, — The  Bimplo 
papilla;  which  occur  in  an  isolated  manner,  may  not  improbably  be  tactile;  whilst 
those  which  are  aggregated  in  the  circumvailate  and  fungiform  bodies,  doubtless 
minister  to  the  sense  of  Taste,  this  being  most  acute  in  the  situationa  wherein  they 
most  abound.  With  regwrd,  however,  to  the  office  of  the  filiform  pftpillac,  there 
seems  much  reason  to  coincide  in  the  opinion  of  Messrs.  Todd  and  Bovfman : — 
*'The  comparative  thickness  of  their  protective  covering,  the  stiffness  and  brush- 
like  arrangement  of  their  filamentary  productions,  their  greater  development  in 
ihat  portion  of  the  dorsum  of  the  tongue  which  is  chiefly  employed  in  the  mo\'e- 
ments  of  mastication,  all  evince  the  subservience  of  these  papiliaj  to  the  latter 
function,  rather  than  to  that  of  taste ;  and  it  h  evident  thnt  their  isolation  and 
partial  mobility  oa  one  another,  must  render  the  delicate  t^uch  with  which  they 
are  endowed,  more  available  in  directing  the  muscular  actions  of  the  organ.  The 
almost  manual  dexterity  of  the  organ,  in  dealing  with  minute  particles  of  food, 
b  probably  provided-for,  as  far  a.s  sensibility  conduces  to  it,  in  the  structure  and 
arrangement  of  these  papillae.  It  may  be  added,  that  the  filiform  papilla;  of  Maa 
seem  to  be  the  rudimentary  forms  of  those  horny  epithelial  processes,  which  ac- 
quire so  great  a  development  in  the  tongues  of  the  Camivora,  and  which  are  of 
Buch  importance  in  the  abrusion  of  their  food. 

742.  The  simple  application  of  a  eapid  substance  to  the  gustative  surface,  is 
usually  sufficient  to  excite  the  sensation;  and  if  this  application  be  restricted  to 
one  particular  spot,  we  are  able  to  recognize  its  place  more  or  less  distinctly.  In 
this  respect,  then,  the  gustative  impression  rcsemblea  the  tactile ;  for  whilst  we 
cannot,  by  our  own  conscioustiesR,  distinguish  the  parts  of  the  retina  or  of  the 
auditory  apparatus  on  which  visual  or  auditory  impressions  are  made,  we  can 
make  this  distinction  in  regard  to  the  surface  which  is  supplied  by  the  nerves 
of  general  sense.  This  determination  ia  most  precise,  when  the  impression  i.^ 
maoe  on  the  parts  of  the  tongue  of  which  the  gustative  sensibility  is  most  acute, 
namely,  the  apex,  sides,  and  posterior  part  of  the  dorsum  ;  being  probably  aided, 
however,  near  the  tip,  by  the  acutenesa  of  it*  tactile  sensibility.  The  impreasi- 
bility  of  the  middle  portion  of  the  dorsum  ia  greatly  iDft;riorj  but  still,  when 
the  gustative  sensation  has  been  excited  there,  it  is  referred  to  the  spot  on  wbich 
the  sapid  sabstance  was  laid.  The  contact  of  sapid  sub^itancca  much  more 
readily  excites  a  gustative  sensation,  when  it  is  iiade  to  press  upon  the  papillEe, 
or  is  moved  over  them.  Thus  there  are  some  substances,  whose  taste  is  not  per- 
ceived when  they  are  simply  applied  to  the  central  part  of  the  dorsum  of  the 
tongue,  but  of  whose  presence  we  are  at  once  rendered  cognizant  by  pressing  the 
tongue  against  the  roof  of  the  mouth.  The  full  flavour  of  a  sapid  substance, 
again,  is  more  readily  perceived  when  it  is  rubbed  on  any  part  of  the  tongue, 
than  when  it  is  simply  brought  in  contact  with  it,  or  pressed  against  it.  Even 
when  liquids  are  received  into  the  mouth,  their  taste  is  most  completely  discrim- 
inated by  causing  tbcm  to  move  over  the  gustative  surface :  thus  tne  '  wine- 
taster'  takes  a  small  quantity  of  the  liquor  into  his  mouth,  carries  it  rapidly  over 
every  part  of  its  lining  membrane,  and  then  ejecta  it.  It  is  not  improbable  that 
ibis  exaltation  of  the  usual  effects  is  simply  due  to  mechanical  causes;  the  sapid 
particles  being  brought  by  the  pressure  or  movement  into  more  rapid  and  com- 
plete operation  on  the  nerve-fibres,  than  they  would  be  if  simply  placed  in  con- 
tact with  the  papillic. 

74S.  The  impressions  made  upon  our  consciousneBS  by  a  large  proportion  of 
»pid  pubstances,  are  of  a  complex  kind;  being  in  part  derived  from  their  odor- 
ous emanations,  of  which  we  take  cognizance  through  the  organ  of  Smell.  Of 
convince  himself,  by  cloaine  the  nostrils 
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piringthroagh  the  mouth  ooly,  whilst  holding  in  the  mouth,  or  eren  rnbbiog 
between  tho  tonpae  and  the  palato,  some  aromatic  substance ;  for  its  t*5(e  i»  then 
scarcely  reco^ized,  although  it  is  immediately  perceived  when  it*  effluvia  ire 
drawn  into  the  nose.  It  is  well  known,  too,  that  when  the  sensibility  of  llit 
Sehneidprian  membrane  is  blunted  by  inflammation  (as  in  an  ordinary  'oM  in 
the  head'),  the  power  of  distinptiishing  flavours  is  very  much  dimini^bed.  In 
fact,  some  Physiologists  are  of  opinion  that  nil  our  knowledge  of  the  jiavoMr  of 
sapid  substances  is  received  through  the  Smell;  but  this,  as  already  shown, 
would  not  be  a  correct  statement;  and  there  are  cases  on  record  which  the  mom 
of  Smell  has  been  entirely  lost,  without  any  impairment  of  the  true  sense  of 
Taste.' 

744.  Taken  In  its  ordinary  composite  acceptation,  the  sense  of  Taste  hta  for 
its  object  to  direct  us  in  the  choice  of  food,  and  to  excite  the  flow  of  mucns  tod 
saliva,  which  are  destined  to  aid  in  the  preparation  of  the  food  for  Di^cstioo. 
Among  the  lower  Animals,  the  instinctive  perceptions  connected  with  this  s«n*« 
fire  much  mor*»  reniRrkahle  than  our  own ;  thns  an  omnrvoroiis  Monkey  will  sel- 
uom  touch  fruits  of  a  poisonous  character,  although  their  taste  may  be  agreeable; 
iind  animals  whose  diet  is  restricted  to  some  one  kind  of  food,  will  decidHlj 
reject  all  others.  As  a  general  rule  it  may  be  stated,  that  substances  of  which 
the  taste  is  agreeable  to  us,  are  useful  in  our  nutrition,  and  trice  versa  f  but  there 
are  many  signal  exceptions  to  this. — Like  other  senses,  that  of  Taste  is  capable 
of  being  rendered  more  acute  by  education ;  and  this  on  the  principles  already 
laid  down  in  regard  to  Touch.  The  experienced  wiue-tayter  can  distinguish  dif- 
ierencea  in  age,  purity,  place  of  growth,  &c.,  between  liquors  that  to  ordiDazy 

'  An  Interesting  oaae  of  this  kind,  oecurring  in  a  Nep-o  who  hud  frraduallj  lost  th*ci»- 
racteristic  hue  of  his  akin,  and  had  Acquir<>d  the  fair  complexion  of  a  £urope»n  (\  9^1), 
bftji  been  put  on  record  bj  Dr.  J.  C.  Hutchinson. — The  Olfactory  nerre  aeemed  to  he  M' 
tirely  pnrnly«ed,  whilst  the  brnnchcB  of  the  5th  Pnir  retained  their  integrity;  to  tiui, 
wh)l.<!t  the  proper  sense  of  Smell  was  entirely  loel,  a  pungent  buminp  sensation  was  eidtt^ 
by  irritnlinir  TApours,  and  the  Application  of  muff  induced  sneeting.  NotirithBtAndia| 
this  deiie.iency,  tlie  sense  of  Taste,  properly  so  called,  did  not  seem  to  be  impaired ; 
substances  which  possessed  neither  odour  nor  pungency  eould  readily  be  discHminAt 
even  though  their  taslea  were  not  widely  different  (See"Amer.  Joiiro.  of  Bled.  SdVI 
Jan.  185'J.) 

*  It  is  justly  remarked   by  Sir  11,  IloUand  ("  Medical  Notes  and   Reflecti.  ■ 
that, — "  In  the   majority  of  instances  of  actual  illness,  prori<lcd  the  real  fei 
pulieot  can  be  snfely  ascertained,  his  desires  as  to  food  and  drink  may  be  safely 
with.     But  aa<iouhtcdly  much  care  is  nee<!ful  that  we  bo  not  deceived  as  to  thel 
the  appetites,  by  what  is  merely  habit  or  wrong  impression  on  the  part  of  the  pi 
the  effect  of  the   snlieitatioa  of  others.     This  class  of  sensations  is  more  ntirtored  ooti 
the  course  of  nature,  than  are  those  which  relate  to  the  temperature  of  the  body, 
mind  becomes  much  more  deeply  engaged  with  tbem  ;  and  though  in  acat«  illne««  th*y  i 
generally  suhmiltert  again  to  the  natural   law,  there  are  many  les^scr  cases  where  enoai 
remains  of  the  leaven  of  habit  to  render  every  precantion  needful,    With  such  precautic 
however,  which  every  physician  who  can  take  schooling  from  experience  will  employ. 
stomach  of  the  patient  becomes  a  valuable  guide;  whether  it  dictates  abstinence  froia C 
recurrence  of  food  ;  whether  much  or  little  in  (junntity;  whether  what  is  solid  or  liquid; 
whether  much  drink  or  little;  whether   things   warm  or  cold;  whether  sweet,  acid,  or 
saline;  whether  btand  or  stimulating  to  tlie  taste."     Further,  Sir  H.  Holland  irmarkt: 
"  It  is  not  wholly  paradoxical  to  say  that  we  are  authorised  to  give  greatest  heed  to  tks 
stomach,  when  it  suggests  some  seeming  extravagance  of  diet.     It  may  be  that  this  is  a 
mere  depravation  of  the  sense  of  taste ;  bat  frequently  it  expresses  an  actual  need  of  tkt 
stomach,  cilhor  in  aid  of  its  own  functions,  or  indirectly  (under  the  mysterious 
refBrred-to)  for  the  effecting  of  changes  in  the  whole  mass  of  blood.     It  is  a  good 
rule  in  such  cases  to  withhold  assent,  till  we  find  after  a  certain  lapse  of  time* 
same  desire  continues  or  strongly  recurs  ;  in  which  case  it  may  generally  be  taken  at  tte 
index  of  the  fitness  of  the  thing  desired  for  the  actual  state  of  the  organs.     In  the  eari| 
stage  of  recovery  from  long  gastric  fevers,  I  recollect  many  curious  instances  of  such 
trariety  to  all  rule  being  acquiesced-in,  with  manifest  good  to  the  patient.      Dietetics  t 
become  a  much  more  exact  branch  of  knowledge,  before  we  can  be  justified  in  oppoahif  J 
maxims  to  the  natural  and  repeated  suggestions  of  the  stomach,  in   the    state  cither  ' 
health  or  disease." 
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judgments  are  alike ;  and  the  epicure  can  give  an  einct  detormiDaiion  of  the 
spices  that  are  combined  in  a  particular  sauce,  or  of  the  manner  in  which  the 
aniotal,  on  whose  flesh  he  is  fi'editig,  wa.^  killed.  As  tn  llie  ca^e  of  other  senses, 
inoreoTer,  impreasiona  made  upon  the  sensorj  surface  remain  there  for  a  certain 
period ;  and  this  period  ]s  for  the  most  part  lon^^cr  thun  that  which  is  required 
for  the  departure  of  the  imprc8.*ion8  made  upon  the  cje,  the  ear,  or  the  orpriin  of 
smell.  Every  one  linows  how  long  the  taste  of  some  powerful  substances  remains 
in  the  mouth ;  and  even  of  those  which  ninke  less  decided  impressions,  the  sen- 
nations  rcniuin  to  such  a  degree  that  it  is  difHcult  to  compare  theu  at  short  inter- 
vals. Hence  if  a  person  be  blindfolded,  and  be  made  to  tusto  substaocea  of 
dLstinct,  but  not  widely-different  flavours  (such  as  various  kinds  of  wijie  or  of 
spirituous  liquors),  one  after  another  in  rapid  successiou,  he  soon  loses  the  power 
of  discriminating  between  them.  In  the  same  manner,  the  difficulty  of  admin- 
tatering  very  disagreeable  medicines  may  be  sometimes  got-over,  by  either  pre- 
viously giving  a  powerful  aromatic,  or  by  combining  the  aromatic  with  the 
medicine ;  it^  strong  ifflprcsaion  in  both  cases  preventing  the  unpleosout  taste 
from  exciting  nausea. 

4. — Sense  of  SmeU. 

745.  The  Nasal  passages  may  be  considered  as  having,  in  air-breathing  Yerte- 
brata,  two  distinct  oflSt-es ;  for  they  constitute  the  portal  of  the  Respiratory  organs, 
and  have  for  their  office  to  take  cogniKance  of  the  aeriform  matter  as  it  enters 
them,  and  to  give  warning  of  that  which  would  be  injurious  (this  being  effected 
by  the  imjlrumcntality  of  the  Fifth  pair,  which  receives  the  impressions  of  gaseous 
irritants,  and  excites  the  act  of  sneezing  to  expel  them,  (§  5*20)  ;  whilst  they  also 
contain  the  organ  of  Smell,  which  is  formed  by  the  distribution,  over  a  certain 
part  of  their  membranous  wall,  of  the  Olfartorif  nerve,  which  is  susceptible  of 
being  irapressL-d  by  Odorous  emansitiona.  Of  iho  nature  of  these  cmanntious,  the 
Natural  Philosopher  is  so  complett-ly  ignorant,  that  the  Physiologist  cannot  be 
expected  to  give  a  definite  account  of  the  mode  in  which  they  produce  sensory 
impressions.  Although  it  may  be  surmised  that  they  consist  of  particles  of  ex- 
treme minuteness,  dissolved  as  it  were  in  the  air,  and  although  this  idea  seems  to 
derive  confirmation  from  the  fact  that  most  odorous  substances  are  volatile,  and 
rice  versdy — yet  the  most  delicate  experiments  have  fniled  to 
discover  any  diminution  in  weight,  in  certain  substances  (as 
musk)  that  have  bceu  impregnating  a  large  quantity  uf  iiir 
■with  their  effluvia  for  several  years ;  whilst  there  are  some  vola- 
tile fluids,  such  as  water,  wbicb  are  entirely  inodorous. 

746.  The  Olfactory  nerves  pass-down  from  the  Olfactory 
Ganglion  (§517)  in  the  form  of  very  numerous  minute  threads, 
which  form  a  plexus  upon  the  surface  of  the  Schneidcrian  or 
pituitary  membrane  (Fig.  1G4).  The  filaments  composing  this 
plexus  are  described  by  Messrs.  Todd  and  Bowman'  as  differ- 
ing widely  in  structure  from  those  of  the  ordinary  cephalic 
nerves;  they  contain  no  white  substance  of  Schwann,  are  nu- 
cleated and  fincly-granulur  in  texture,  and  altogether  bear  a 
close  resemblance  to  the  gelatinous  form  of  nerve-fibres  {Fig. 
163).  It  has  been  hitherto  fimud  impossible  to  trace  the  ul- 
timate distribution  of  these  fibrea  in  the  olfactory  membrane, 
owing  to  their  want  of  the  characteristic  white  substance,  and 
the  absence  of  distinction  between  the  nuclei  of  the  minuter  ramificAti 
fibrea  and  those  of  the  nucleated  tissues  through  which  they  /aetorjr A' 
pass;  but  it  seems  limited  to  the  membrane  covering  the 
euporior  three-fourths  uf  the  septum  of  the  nose,  the  suiierior  turbint 

*  "  I'b^'siological  Auatomj,"  p.  397,  Am.  EJ. 
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DistribalioD  of  the  Olfactory  Ktrvr  on  the  Septum  Nft»L  The  n&res  bare  been  divided  I 
*  loDgitadinal  aection  made  itnmediatclj  to  the  lefl  of  the  leptnin,  the  right  narea  beiof  ] 
served  entire. — 1.  The  CtodIbI  Binaa.  2.  The  nasal  bone.  3.  The  crista  gaUi  procen  of  I 
etbtnoid  bone.  4.  The  KpheDoidal  <inD»  of  the  left  ride.  fi.  The  sella  turcica.  6.  The  I 
lar  proceu  of  the  iphenoidal  and  occipital  boncB.  7.  The  poeterior  opening  of  the 
narei.  8.  The  opening  of  the  Eustachian  tube  in  the  upper  part  of  the  pbarjox.  9. 
tofl  palate,  divided  through  iu  middle.  10.  Cut  larfaee  of  tbe  hard  polatOb  a.  The  < 
tor;  pedunel«.  b.  Ita  three r<j«l8 of  orie^in.  e.  Olfactory  ganglion,  from  which  tbe  lllame 
proceed  thut  jpread-oat  in  the  aubstanco  of  the  pituitarj  membrane,  d.  The  nara]  nerrivl 
braoeb  of  the  ophtbulinic  nerve,  d^;cending  into  the  leR  nare^  from  the  ant«rior  fbraoMBl 
the  enbrifurm  plate,  luid  dividiog  into  its  external  and  internal  branch,  e.  Thai 
tine  nurre,  a  brnnch  of  the  apheuo-palatiue  gonj^Iion,  iliatribuiing  twig*  to  tbe  maeoM  i 
brane  of  tbe  SKptum  naisi  in  its  cuurie  to  {/)  the  anteriur  palatine  foramen,  where  it  fonui 
■mall  gangliform  awelling  {CLo<iuut'«  ganglion)  hy  ita  union  with  ite  fellow  of  (be  oppedlt 
»ide.  g,  Bmncbe*  of  the  nasci-paJatine  nerve  to  the  palate,  k.  Poeterior  palatine  oerr«& 
t,  I.  The  eeptum  naiL 

and  tbe  upper  hulf  of  the  middle  turbinated  bone,  and  the  upper  iraU  of  tbe  oanl 
cavities  beneath  the  cribriform  plate  of  tbe  etbtnoid  bone;  aJI  which  siir&ceit 
covered  (as  Messrs.  Todd  and  Bowman  bare  potnted-out)  with  a  tesselatcd  epi- 
thelium of  a  rioh  scpia-brown  bae.  The  remainder  of  tbe  nasal  gurfaoe  ii  «ap- 
plied  by  the  Fifth  pair  only,  and  is  not  endowed  with  sensibilitv  to  odooi^ 
although  it  is  susceptible  of  irritation  from  ancb  as  are  of  a  pungeoi  Datura;  tad 
hence  it  is  that  we  cannot  disttnguiab  faint  odours,  unless,  by  a  peculiar  iuiii- 
ratory  effort,  we  draw  the  air  charged  with  them  to  the  upper  part  of  the  noK. 
Id  animals  li\-ing  in  the  air,  it  is  a  nccesRiirj  condition  of  the  exercise  of  the  ttOM 
of  Smell,  that  the  odorous  matter  should  be  transmitted  by  a  respiratory  currnit 
through  the  noatrils,  and  that  the  membrane  lining  these  should  be  in  a  lociji 
state.  Hence,  by  breathing  through  the  mouth,  we  may  avoid  being  affected  bj 
odours  even  of  the  etronjicst  and  most  disagreeable  kind ;  and  in  the  first  states/ 
a  catarrh,  when  the  ordinary  mueouB  secretion  is  suspended,  the  sense  of  SnwO 
is  blunted  from  this  cause,  as  it  afterwards  is  from  the  excess  in  the  quantity  cf 
the  fluid,  which  prevents  the  odoriferous  effluvia  from  coming  into  itumodiate  » 
lutiriQ  with  the  sensory  extremities  of  the  nerves.  Hence  we  may  easily  co 
hend  how  section  of  the  Fifth  Pair,  which  exerts  a  considerable  influence  over 
Becrelioiis,  will  erreatly  diminish  the  acuteness  of  this  sense,  and  will  have  the 
ther  eflect  of  preventing  the  reception  of  any  impressions  of  irritation  from  aaid 
Tapours,  which  are  entirely  different  in  their  character  from  true  odorDos  impco- 
cioQS,  and  are  not  transmitted  through  the  Oliaetory  nerve  (§  520}. 
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747.  The  importance  of  the  sense  of  Smell  amotifr  mntiy  of  the  lower  Aniraaln, 
in  guidiDg  them  to  their  fnod,  or  in  giving  tliriu  warning  of  danger,  and  also  \n 
exciting  the  sexual  feelings,  is  well  known.  To  Man  its  utility  is  comparatively 
small  under  ordinary  circumstances ;  but  it  may  be  greatly  increased  when  other 
senses  are  deficient.  Thus,  in  the  well-known  case  of  Jamea  Mitchell,  who  was 
blind)  deaf,  and  dumb,  from  his  birth,  it  was  the  principal  nicauij  of  distingoisb- 
ing  persons,  and  enabled  hiiu  at  once  to  perceive  tbe  entrance  of  a  stranger.  It 
is  recorded  that  a  blind  gentleman,  who  had  an  antipathy  to  cats,  was  pos-sessed  of 
a  sensibility  so  acute  in  (his  respect,  that  he  perceived  the  proximity  of  one  that 
had  been  accidcntaliy  sbut-up  in  a  closet  adjoining  hia  room.  Among  Savage 
tribes,  whose  seuses  are  more  cultivated  than  those  of  civilized  nations,  more 
direct  uae  being  made  of  the  powers  of  ohscn'&tion,  the  scent  is  alnnnst  as  acute 
aa  in  the  lower  Mammaha :  thus  it  is  assorted  by  Humboldt,  that  the  Peruvian 
Indiana  in  tho  middle  of  the  night  can  distinguisb  the  difTereot  races,  whether 
European,  American-Indian,  or  Negro;  and  the  Arabs  of  the  Great  Desert  are 
said  to  be  able  to  distinguish  the  smell  of  a  fire  thirty  miles  off. — The  agreeable 
or  disagreeable  obaracter  assigned  to  particular  odours,  is  by  no  means  coostaut 
amongst  different  individuals.  Just  as  many  of  the  lower  Animals  pass  their 
whole  lives  in  the  midst  of  odours  tbat  are  to  Man  (in  his  civilised  condition  at 
least)  in  the  highest  degree  revolting,  and  will  even  refuse  to  touch  food  until  it 
is  far  advanced  in  putridity,  so  do  we  tind  that  men  who  are  compelled  by  oir- 
CUmstances  to  live  upon  putrescent  food,  come  at  last  to  relish  it  most  when  it  ift 
furthest  advanced  in  decomposition  (§  62)  ;  and  the  most  r<i'fincd  epicures  among 
hiphly-oivilized  communities  seem  to  find  pleasure  in  similar  odours  and  savours, 
which,  to  ordinary  tastes,  are  anything  but  agreeable. — Aa  to  the  length  of  time 
dariug  which  impressions  made  upon  tbe  organ  of  Smell  remain  upon  it,  no  cer- 
tain knowledge  can  be  obtained.  It  is  difEcult  to  say  when  the  effluvia  them- 
selves have  been  completely  removed  froui  tbe  nasal  piu^sages,  since  it  is  not 
unlikely  that  the  odorous  particles  ^supposing  such  to  exist)  are  absorbed  or  dis- 
solved by  the  mucous  secretion;  it  is  probably  in  this  manner  that  we  may 
aooouDt  for  tbe  fact,  well  known  to  every  medical  man,  that  the  cadaverous  odour 
is  frequently  experienced  for  many  days  aftor  a  post-mortem  cxaminalion.' 

5. — Sente  of  Vition. 

748.  The  objects  of  this  sense  are  bodies  from  which  Light  proceeds,  either 
because  they  are  luminous  iu  themselves,  or  because  they  refleet  the  light  tbat 
proceeds  from  other  bodies.  Whether  their  light  is  transmitted  by  the  actual 
emission  of  luminous  particles,  or  by  the  propagation  of  uniiuhtfwiDi  analogous 
to  those  of  sound,  is  a  question  that  has  been  long  keenly  debated  ntuoogst 
Natural  Philosophers  ;  but  it  is  of  little  consequence  to  the  Physiologist  whick 
is  the  true  solution,  since  he  is  only  concerned  with  the  laws  according  to  which 
the  traosmissioQ  takes  place,  which  are  the  same  OQ  both  theories.  These  laws 
it  may  be  desirable  here  briefly  to  recapitulate. 

749.  Every  point  of  a  luminous  body  sends-off  a  number  of  rays,  which  diverge 
in  every  direction,  so  as  to  form  (aa  it  were)  a  cone,  of  which  the  luminous  point 
is  tbe  apex.  So  long  as  these  mys  pass  through  a  medium  of  the  same  density, 
tbey  proceed  in  straight  lines ;  but  if  they  enter  a  medium  of  difl^ereot  density, 
they  are  refracted  or  bent, — fotoardt  the  perpendicular  to  the  surface  at  the 
point  at  which  they  enter,  if  they  pass  from  a  rarer  into  a  denser  medium, — and 
Jrom  the  perpendicular,  when  they  pass  from  a  denser  medium  into  a  rarer.  It 
is  easily  shown  to  be  a  result  of  this  law,  that,  when  parullel  rays  passing  through 
air  full  upon  a  convex  surface  of  glass,  they  will  be  made  to  converge ;  so  as  to 
meet  at  tbe  opposite  extremity  of  the  diameter  of  the  circle,  of  which  the  curve 

*  This  mny  partly  be  nttributed  also  to  the  pffluTin  n(]hcring  to  the  dress.  It  has  beea 
remarked  that  dark  cloths  retain  these  more  strotigijr  than  li</ltt. 
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forms  part.  If,  iostead  of  continuing  in  the  glass,  they  paes-out  again,  throupli 
a  second  fonvex  eurface,  of  which  the  direction  is  the  reverse  of  the  first,  they 
will  bo  ninde  to  converge  atill  more,  so  as  to  meet  in  tho  centre  of  curvature. 
Roys  which  are  not  paniHel,  but  which  are  diverging  from  &  focus,  are  likewise 
made  to  converge  to  a  point  or  focus;  but  this  point  will  be  more  distant  from 
the  lens,  in  proportion  aa  the  object  is  nearer  to  it^  and  the  angle  of  divergence 
consequently  preater.  The  rays  diverfrinf;  from  the  several  pcnnts  of  a  luminous 
object,  are  thus  brought  to  correspfiiading  foci ;  and  the  placM?a  of  all  these  foci 
hold  exactly  the  same  relation  to  each  other,  with  that  of  the  pornU«  from  which 
the  rays  diver|:cd ;  so  that  a  perfect  image  of  the  object  is  formed  upon  a  fcrecn 
held  in  the  focus  of  the  lens.  This  image,  however,  will  be  inverted ;  and  its 
size,  in  proportion  to  thnt  of  the  object,  will  depend  upon  their  respective  dis- 
tances from  the  lens.  If  their  distances  be  the  same,  their  size  will  also  be  the 
same],  if  the  object  be  diiitnnt,  and  the  image  near,  the  latter  will  be  much  the 
smaller  :  and  vice  versd. 

750.  There  are  two  circumBtanccB,  however,  wbich  interfere  with  the  per 
fection  of  an  image  thus  formed  by  a  convex  lens.  The  one  is,  that,  if  the  lens 
coHBtltutc  a  large  part  of  the  Hphere  frtira  which  it  is  taken,  the  rays  which 
near  its  margin  are  not  brought  to  a  focus  at  the  same  point  with  those  wh 
pass  through  its  centre,  but  at  a  point  nearer  the  lens.  This  difference,  wl 
must  obviously  interfere  greatly  wiith  the  dij^linctness  of  the  image,  is  ten 
Sjiherical  Aberration ;  it  may  be  corrected  by  tho  combination  of  two  or  molt 
lenses,  of  which  the  curvatures  are  calculated  to  balance  one  another,  in  such  a 
manner  that  all  the  rays  shall  be  brought  to  the  same  focus;  or  by  dimini.^hing 
the  uperture  of  the  Icna  by  means  of  a  stop  or  diaphragm,  in  such  a  manner  th»l 
only  tho  central  part  of  it  shall  be  used.  The  latter  of  these  methods  is  the  one 
employed,  where  the  ditiiiuutioD  in  the  amount  of  light  transmitted  is  not  attended 
with  inconvcDieDco.  The  nearer  the  object  is  to  the  lens  (and  the  greater,  there- 
fore, the  angle  of  divergence  of  its  rays),  the  greater  will  bo  the  spherical  aberrn' 
lion,  and  the  more  must  the  aperture  of  the  diaphragm  be  reduced  in  order  to 
counteract  it. — The  other  circumstance  that  interferes  with  the  distinctness  of 
the  image,  is  the  unequal  refrangibility  of  the  differently-coloured  rays,  wbicb 
together  make-up  white  or  colourless  light ;  the  violet  being  more  bent  from  their 
course  than  the  blue,  the  blue  more  than  the  yellow,  and  the  yellow  more  than 
the  red  ;  the  consctjuenee  of  which  will  be,  that  the  violet  rays  are  brought  to  a 
focus  much  nearer  to  tho  lens  than  the  blue,  and  the  blue  nearer  than  the  red. 
If  a  screen  be  held  to  receive  the  itu-ige  in  the  focus  of  any  of  the  rays,  the  others 
will  muke  themselves  apparent  as  fringes  round  its  margin.  This  difference  is 
termed  Chramatic  Aherration.  It  is  corrected  in  practice,  by  combining  togcth^^^ 
lenses  of  different  substances,  of  which  the  dispersive  power  (that  ia,  the  pot|i^^| 
of  separating  the  coloured  rays)  differs  considerably.  This  is  the  case  with  flio^^ 
and  crown-glass,  for  instance, — the  dispersive  power  of  the  former  being  mOfh 
greater  thnn  that  of  the  latter,  whilst  its  refractive  power  is  nearly  the  same :  so 
tltiit,  if  a  convex  lena  of  crown-glass  be  united  with  a  concave  of  flint  whose  curva- 
ture is  much  less,  the  dispersion  of  the  rays  effected  by  the  former  will  be  entire!; 
counteracted  by  the  latter,  which  diminishes  in  part  only  its  refractive  power. 

751.  The  Eye  may  be  regarded  as  an  optical  instrument  of  great  perfection, 
adapted  to  produce,  on  the  surface  of  the  Retina,  a  complete  imago  or  picture  of 
luminous  objects  brought  before  it;  in  which  the  forms,  colours,  lights  and 
shades,  kc.  of  the  object  are  all  accurately  represented.  By  the  different  refrac- 
tive powers  of  the  iraneparent  media  through  which  the  rays  of  light  pass,  and 
by  the  curvatures  given  to  their  respective  surfaces,  both  the  Spherical  and 
Chromatic  aberrations  are  corrected  in  a  degree  sufficient  for  all  practical  pur- 
poses; so  that  in  a  well-formed  eye,  the  picture  is  quite  free  from  haziness  and 
from  false  colours.  The  power  by  which  it  adapts  itself  to  variations  in  the  dis- 
tance of  the  object, — so  u.s  to  form  a  distinct  image  of  it,  whether  it  be  six 
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inchc?,  ail  yards,  or  six  miles  off, — i?  extremely  remarkable,  and  caDnot  be  re- 
garded as  hitherto  completely  explained,     h  ia  obvious  that,  if  we  fix  upun  any 
dbtance  as  that  for  whicb  the  eye  is  naturally  adjusted  (say  12  or  14  inches,  the 
distance  at  which  we  ordinarily  read),  the  rays  prooeeding  from  an  object  pkecd 
uearcr  to  the  eye  than  ibis,  would  not  be  brought  to  a  focus  upon  the  rt- tioa,  but 
would  converge  towards  a  point  behind  it;  whilst,  ou  the  contrary,  the  roys  from 
HD  object  at  a  greater  distance  would  meet  before  they  reach  the  retina,  and 
would  have  again  diverged  from  each  other  when  they  impinge  upon  it;  eo  that, 
Id  either  case,  vision  would  be  indistinct.     Now  two  methods  of  adapitation  sug- 
gest themselves  lo  the  Optician.     Either  he  may  vary  the  distance  between  the 
refracting  surface  and  the  screen  ou  which  the  image  is  formed,  in  such  a  man- 
Der  that  the  latter  shall  always  be  in  the  focus  of  the  converging  rays ;  or,  the 
distance  of  the  screen  remaining  the  same,  he  may  vary  the  convexity  of  his  lens, 
in  gucba  manner  as  to  adapt  it  to  the  distance  of  the  object. — The  mode  in  which 
this  adaptation  is  effected  in  the  Human  Eye  has  not  yet  been  clearly  made-out; 
and  many  hypotheses  have  been  put  forward  respecting  it.     According  to  the 
calculations  of  Olbers,  based  on  the  aaceHained  refractive  powers  of  the  media  of 
the  eye,  the  difference  between  the  focal  distances  of  the  images  of  two  objecta, 
the  one  so  far  off  that  its  rays  are  parallel,  and  the  other  at  the  distance  of  only 
four  inches  from  the  eye,  is  about  0-143  or  one-seventh  of  an  inch ;  but  as  the 
usual  range  of  distinct  vision  does  not  extend  to  objects  brought  within  six  or 
seven  inches,  the  amount  of  change  required  in  the  relative  places  of  the  refract- 
ing bodies  and  the  retina,  would  not  ordinarily  exceed  a  line.     It  lias  been 
thought  that  this  change  might  be  produced  by  an  alteratiou  ia  the  convexity  of 
the  cornea,  or  by  an  elongation  of  the  globe  of  the  eye  gcneriiliy,  or  by  both 
methLtd»  in  combination  ;  which  alterations,  it  was  supposed,  might  be  effected 
by  the  action  of  the  muscles  of  the  eye-ball.     Hat  no  such  churiges  have  been 
detected  by  the  most  careful  measurement;  and  it  can- 
not be  shown  Aokt  any  contractile  action  of  the  muscles 
of  the  eye-ball  could  produce  an  elongation  of  the  eye, 
since  their  tendency  would  be  (when  acting  altogether) 
to  draw  it  backwards  iuto  its  socket,  or,  this  being 
prevented  by  the  fascia  and   cushion  of  fat    against 
which  its   posterior  side   rests,  to  flatten    the   globe 
against  this,  rather  than    to  increase   its    projection. 
There  is  much  more  ground  for  the  belief,  however, 
that  a  change  of  place  is  effected  in  the  cr^'stalline  Icua, 
by  the  action  of  the  ciliary  muscle  (Fig.  Ifi5)  and  the  erec- 
tile  tissue   of  the  ciliary  processes ;  for,  although  no 
such  change  can  be  demon^truted  by  observation,  yet  it 
can  be  shown  that  the  contraction  of  the  ciliary  muscle 
would  tend  to  draw  the  lens  forwards ;  and  the  fact  that 

this  muscle  i»  peculiarly  powerful  in  the  predaceous  d«u    «.  Choroid,  leparBied 
Birds,  which  are  distinguished  for  their  great  range  of  » little  fro™  the  eilerotic.    rf. 
vision,  and  which  have  in  their  circle  of  osseous  scle- 
rotic plates,  an  unusually  firm  point  of  attachment  for 
it,  is  a  strong  argument  in  favour  of  this  doctrine.'  Fur- 
ther, the  almost  entire  loss  of  the  power  of  adapting  the  tbe  ciliary  processes   by  the 
eye  to  distances,  which  is  eipcriencfd  after  the  removal  «"'<'•■>««■  wall  of  ihc  cnnal  .»f 
of  the  Crystalline  lens  in  the  operation  for  Cataract,  is  a 
marked  indication  that  some  change  in  the  place  or  fied^'adlaineieHi,] 
figure  of  this  body  is  the  principal  means  whereby  the 
ordinary  adaptation  is  effected;  and  although  it  has  been  suggested  that  an  at- 

•  See  on  this  Bubject,  Messrs,  ToJd  aod  Bawman's  "Physiological  Anatomy,"  p.  412, 
Am.  Ed.  :  and  Dr.  Clay  Wallace  on  "The  Adjustment  of  the  Eye  to  distances,"  New  Vork, 
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teration  in  the  Ji'jiire  of  the  lens  misbt  participate  io  the  resalt,  jet  no  mesng  eta 
be  poiDted-out  as  competent  to  produce  it ;  bo  tbat,  as  far  as  we  can  at  preseot 
judge,  a  change  in  the  place  of  the  lens  is  the  sole  means  of  adapting  the  eje 
to  the  distinct  vision  at  varying  distances.  — It  is  certain  that  the  condition  of 
repose  is  that  of  vision  for  distant  objects,  no  fatigue  being  experienced  from  the 
prolonged  direction  of  the  eye  to  these;  whilst  the  employnnent  of  the  Tisoal 
power  upon  ntvtr  objects  for  8oro«  time,  is  accompanied  with  a  sense  of  fffif/rf, 
and  is  followed  by  fatigue.  The  movement  which  ofFecfs  the  change  of 
place  of  the  crystalline  lens,  is  performed  in  obedience  to  Volition  and  is  guided 
by  sensation ;  yet  we  are  not  conscious  of  performing  it,  all  that  we  will  being 
the  remit ;  and  thus  we  have  another  apposite  illustration  of  the  really  automatM 
nature  of  what  are  termed  ♦voluntary  movement*'  generally  (§  648). 

752.  When  both  eyes  are  fixed  upon  an  object,  their  axes  converge  so  as  to 
meet  in  it ;  and  the  degree  of  convergence  is  of  course  altered  by  Tariations  in 
the  distance  of  the  object ;  since,  when  the  object  is  very  remote,  the  optio  axes 
arc  virtually  parallel,  whilst  its  approach  causes  them  to  incline  towards  each 
other,  and  this  the  more  rapidly  as  the  object  is  brought  nearer,  the  increase  being 
the  greatest  when  it  has  arrived  within  the  ordinary  distance  of  distinct  visioD. 
Here,  again,  we  have  an  example  of  the  automatic  nature  of  voluntary  actioDfl; 
for  the  convergence  of  the  eyes  that  may  be  produced  by  this  gradual  approxi- 
mation of  an  object  on  which  the  eyes  are  kcpt-fiied  by  an  exercise  of  the  Will, 
far  exceeds  that  which  most  individunls  can  induce  by  an  effort  made  directly  for 
the  purpose;  and  if,  when  an  object  has  thus  been  gradually  approximated  to 
within  a  few  inches  of  the  nose,  the  voluntary  fixation  be  intermitted  and  tfa« 
optic  axes  be  allowed  to  regain  their  pamllelism,  they  c«n  seldom  be  brought  to 
converge  again  upon  it,  without  repeating  the  whole  process. — It  has  been 
thought,  from  the  close  accordance  between  the  changes  required  for  the  adapta- 
tion of  the  eyca  to  distinct  vision  at  different  distances,  and  the  alterations  in  tbe 
direction  of  the  optic  axes  which  are  required  to  bring  the  two  eyes  to  bear  npan 
objects  at  varying  degrees  of  proiiinity  or  remoteness,  that  the  former  of  these 
movements  is  in  some  degree  dependent  upon  the  latter,  or,  at  any  rate,  that  the 
two  proceed  from  a  common  motor  impulse.  But  that  the  convergence  of  tbe 
axes  is  not  itself  in  any  way  the  occasion  of  the  alteration  of  the  focus  of  the 
eye,  is  shown  by  these  two  facts ;  first,  that  the  adaptation  is  as  perfect  in  t 
person  who  only  ponsesses  or  uses  one  eye,  as  it  is  when  both  are  employed ; 
and  second,  that  some  persons  possess  the  power  of  altering  the  focus  of  the 
eyea  by  an  effort  of  the  wilt,  whilst  the  convergence  remains  the  same. — In 
regard  to  the  adaptation  of  the  eyes  to  varying  distances,  it  is  further  to  be 
remarked,  that,  when  an  object  is  being  viewed  as  near  to  the  eye  u  it  can  he 
distinctly  seen,  the  pupil  contracts  in  a  considerable  degree.  The  purpose  of  this 
change,  is  evidently  to  exclude  the  outer  rays  of  the  cone  or  pencil,  which,  from 
the  large  angle  of  their  divergence,  would  fall  so  oblvouely  on  the  convex  sur- 
face of  the  eye  as  to  be  much  affected  by  the  spherical  abernttion,  and  thus  to 
mllow  the  central  rays  only  to  enter  the  eye,  so  as  to  preserve  the  clearness  of  tbe 

the  principle  being  exactly  the  same  na  that  on  which  the  optician 
a  stop  behind  bis  lenses,  which  reduces  their  aperture  in  proportion  to 
shortness  of  their  focal  distance.  The  channel  through  which  this  action  ia 
effected,  is  evidently  the  same  as  that  through  which  the  convergence  of  the  eyei 
is  produced,— namely,  the  inferior  branch  of  the  Third  pair  of  nerves ;  to  the 
action  of  which,  the  sensations  received  through  the  retina  eeem  to  afford  tbe 
immediate  stimulus,  in  the  same  manner  as  they  do  to  the  ordinary  variation 
in  the  diameter  of  the  pupil  under  the  influence  of  light;  but  tbe  ToluDtaiy 
detcrmioation  to  fix  the  visioQ  upon  the  object,  is  tbe  original  source  of  tbia 
action. 

753.  Tbe  ordinary  forms  of  defective  vision,  which  are  known  under  th« 
names  of  Mifopm  and  Prr^bj/opia,  or  'sbort-sightedDess'  and  '  long-eightedaeai,' 
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are  entirely  attributable  to  defects  in  the  optical  adaptatioa  of  the  cje.  In  the 
foTvacTf  its  refractive  power  is  too  great;  the  rays  from  objects  at  the  usual  dia- 
tenoe  are  consequent  I;  brought  too  soon  to  a  focui^,  bo  as  to  cross  one  another 
sad  diverge  before  they  fall  ujKjn  the  retina;  whilst  the  eye  is  adapted  to  bring 
to  their  proper  focue  on  the  retina,  only  those  rays  which  were  previously  diverg- 
ing at  a  large  angle,  from  an  object  in  its  D«ar  proximity.  Hence  a  'short- 
sighted' portion,  whose  nearest  limit  of  distinct  vision  is  not  above  half  that  of 
a  person  of  ordinary  sight,  can  see  minute  objects  more  clearly;  bis  eyes  haviog 
in  fact  the  satue  magnifying;  power  which  those  of  the  other  would  possess,  if 
aided  by  a  convex  glairs  tbat  would  enable  htni  to  see  the  object  distinctly  at  the 
shortest  distance.  But  as  the  myopic  structure  of  the  eye  incapacitates  its 
possessor  from  seeing  objects  clearly  at  even  a  moderate  distance,  it  is  desirable 
to  apply  a  correction}  and  this  is  done,  by  simply  interposing  between  the  object 
and  the  eye  a  concave  lens,  of  which  the  curvature  is  properly  adapted  to  compen- 
sate for  the  excess  of  that  of  tbe  organ  it^self. — On  the  other  hand,  in  the 
presbyopio  eye,  the  curvature  and  refractive  power  are  not  sufficient  to  bring  to 
a  focus,  on  the  retina,  rays  which  were  previously  divergent  in  a  considerable  or 
even  in  a  moderate  degree;  and  indisftlnet  virion  in  regard  to  all  near  objects  is, 
therefore,  a  necessary  cousetjucnce,  whilst  distant  objects  are  well  seen.  This 
defect  is  remedied  by  the  use  of  convex  lenses  which  make-up  for  the  deficiency  of 
the  curvature. — We  commonly  meet  with  myopia  in  young  persona,  and  with 
presbyopia  in  old  ;  but  this  is  by  no  means  tbe  invariable  rule  j  for  even  aged  per- 
sons are  sometimes  '  short-sighted/  and  '  long-sightedness'  is  occasionally  met-with 
umongst  the  young.  In  choosing  spectacles  for  the  purpose  of  correcting  the 
errors  of  the  eye,  it  is  of  great  consequence  not  to  make  an  over-compensation  ; 
fur  this  has  a  tendency  to  iacrcaj^c  the  defect,  besides  occasioning  great  fatigue 
in  the  employment  of  the  eight.  It  may  be  easily  found  when  a  glass  of  the 
right  power  has  been  Belccled,  by  inquiring  of  tbe  individual  whether  it  alters 
the  apparent  size  of  the  objects,  or  only  readers  them  di.itinct.  If  it  alter  the 
size  (increasing  it,  if  it  be  a  convex  lens,  and  diminishing  it,  if  it  be  a  concave),  its 
curvature  is  too  great;  whilst  if  it  do  not  disperse  the  haze,  it  is  not  suiBciently 
powerful.  In  general  it  is  better  to  employ  a  gla^s  which  somewhat  undcr-com- 
pensates  tbe  eye,  than  one  whose  curvature  is  at  all  too  high ;  since,  with  the 
advance  of  years  in  elderly  persons,  a  progressive  increase  in  power  is  required  J 
whilst,  as  young  persons  grow-up  to  adult  age,  they  should  endeavour  to  dispense 
with  the  aid  of  spectacles, — Many  other  interesting  inquiries,  respecting  the 
aotion  of  the  Eye  as  an  optical  instrument,  suggest  themselves  to  toe  Physical 
philosopher ;  but  the  foregoing  are  the  chief  in  which  tbe  Physiologist  is  con- 
cerned; and  we  shall  now  proceed,  therefore,  to  consider  tbe  share  which  tbe 
Nervous  apparatus  performs  in  the  phenomena  of  vision. 

754.  The  Optic  Nerve,  at  its  entrance  into  the  eye,  divides  itself  into  numerous 
Email  fasciculi  of  ultimate  fibrils  ;  and  these  appear  to  spread  thcmseK-ea  out, 
and  to  inosettlate  with  each  other  by  an  exchange  of  fibrils,  so  as  to  form  a  net- 
like plexus,  which  constitutes  the  inner  layer  of  the  Retina  (Fig.  164,  7)  in  im- 
mediate contact  with  tbe  '  limitary  njeiiibmne,'  (8).  There  is  'considerable 
difficulty,  however,  in  the  precise  determination  of  the  course  of  the  nerve-fibres 
in  the  Hetinu,  on  account  of  their  minute  size  and  the  alteration  in  their  char- 
acters. Although  uniformly  much  smaller  than  ordinary  nerve-fibres,  they 
present  considerable  diversities  in  size  (Fig.  167,  1,  2);  the  largest  of  them 
being  only  about  l-^00(Jth  of  an  inch  in  diameter,  whilst  the  smallest  are  no 
more  than  from  l-iiO,OO0tb  to  l-50,000th  of  an  inch.  Notwithstanding  the 
statement  of  Prof  Kblliker,  tbat  they  closely  resemble  the  finest  nerve-tubes  in 
the  central  organs,  he  has  not  been  able  to  demonstrate  their  tabular  character; 
and  it  is  considered  by  Mr.  Bowman  that,  like  the  fibres  of  the  Olfactive  tract 
(^§  746),  they  consist  of  axis-cylinders  without  sheaths.  Perhaps  the  feet  may 
mtber  be,  that  they  arc  iu  that  early  btage  of  development,  in  which  tbe  com- 
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ponpuli}  of  a  coQipleto  tubular  fibre  have  not  yet  been  differentiated. — Exter- 
nally to  the  stratum  of  nenre-fibres,  which  may  be  called  the  Optic  layer,  ii  a 
vesicular  stratum  (Fig.  166,  6),  which  consists  of  a  finely-granular  matrix, 
wherein  are  imbedded  nerve-cells  exactly  ret^embling:  those  of  the  Eooephaloa, 
and  bavinf]r,  like  them,  a  voriable  cumber  of  processes,  some  uf  which  appear  to 
become  continuous  with  the  fibres  about  to  be  described.  It  is  to  tbeie  fibroui 
and  vesicular  layers  of  the  lletina,  which  together  make-up  the  analogue  of  tbe 
cortical  substance  of  the  Cerebrum,  that  the  principal  supply  of  blood  is  dialrib- 
utcd,  by  the  minute  capillary  net-work  (168)  which  is  »pread-out  throueb 
substance. — ^The  principal  part  of  the  thickness  of  the  Retina,  however,  ts  ' 
up  of  a  series  of  layers  whose  structure  has  until  lately  been  completely  mij 
»tood ;  and  though  their  real  character  cannot  be  regarded  ajs  yet  folly  elacidaled» 
yet  a  ^rcat  step  has  been  made  in  advance  by  tbe  researches  of  H.  Miillt 
KuUiker.'     Thoae  layers  as  seen  in  a  vertical  section  (Fig.  166),  saooeed!^ 

Fia.  ie«. 


Vorlirnl  ?«etion  of  littina  of  Ibe 
Eumnn  Eyo :— 1,  baoillar  l(»ycr ;  2, 
outer  layer  granular;  3,  intermediate, 


fibrc«  of  optio  nerre;    8,  limitary 
membrane. 


ElemeDU  of  HMman  Retina. —l,  large  fibre  of 
nerve ;  2  very  fiue  fibre  of  the  rame ;  3,  rod  with  a 
ale  /  attached ;  4,  a  similar  rod  with  &  fine  (ibrMta 
longatioD,  connecting  it  with  the  granule;  fr,  puitf»>l 
fibruuB   layer;    4,  inofr    granular    of  rods  altered  by  the  action  of  water ;  8,  T.  two 
layer;  5,  flneTy  granular  grey  layer;     6  6,  with  their  nuclei  c  c,  their  baciilar  !>  ■    ' 
6,  layer  of  nerre-cells;  7,  layer  of     their  fine  fibrous  prolongations  «  e  /  8,  '  in 

e  e,  with  granule  of  outer  layer  ^,  and  surniniiiiiig  ic 
the  Imcillar  layer,  as  well  as  in  the  optio  layer  k  ;  tf,  eo^ 
nectloD  of  rods  a,  with  granules  of  inner  layer  /,  graa- 
ale  of  ODter  layer  g,  and  expansion  of  the  f)br«  pr^ 
oeeding  from  the  latter  In  the  optic  layer  at  k  /  10,  aiod- 
lar  oonnoction  of  cone  b,  c,  with  graaale  p,  Mid  with 
serre-cell  I,  which  baa  another  fibrous  pr«lang&tiaa  m. 

8e«  tlie  memoir  of  tbe  former,  '  Zur  Histolagia  dor  Netxhaut,'  in  "  Kolliker  »n4 
SieboliJ's  Zeitschrift,"  1851 ;  and  the  "  Mikroskopische  Anatomie,"  hand  ii.  J|  274.  and  Ibl 
"Mfttiunl  of  Humnti  Histologj,"  (Sydenham  Society's  Ed.),  toI.  ii.  pp.  3t;8~-3S2,  of  tbt 
latter.  Seo  also  Mr.  BowmaD'a  "  Lectures  on  the  Parts  concerned  in  th«  Opevatioi 
on  tbe  Eye,"  p,  81,  and  Todd  aad  Bowmao'e  '*  Phyeiological  Aoatontj." 
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oilier  from  within  oatwards  as  follows : — In  contact  wilh  the  vesicular  layer  (fl") 
18  a  layer  uf  finely^gmnular  matter  of  a  greyish  hue,  in  which  an  indifltinct 
rmdiating  fibrous  appearance  la  seen ;  next  is  a  layer  of  definite  granules  (4), 
which  seem  like  minute  cells  closely  investing  nuclei ;  outside  this  is  another 
layer  (Z),  in  which  the  appearance  of  radiating  fibres  is  more  distinct ;  this, 
again,  is  succeeded  by  another  granular  layer  (2)  rcsenabling  the  preceding ;  and  out- 
side all  these  is  the  layer  (i)  of  *■  cones'  and  '  rod-like'  bodies,  which  has  long  been 
known  as  *  Jacob's  membrane.'  This  last  has  been  supposed  to  be  entirely  discon- 
nected, both  structurally  and  functionally  from  the  proper  nervous  apparatus  of 
the  Retina;  but  recent  iDveatigatioDB  buvc  made  it  probable  tbat  it  really  forma 
part  of  it.  For  the  '  rods'  or  *  Btaff-like'  bodieit  (Fig.  167,  a  a),  may  be  traced  into 
continuity  with  the  granules  (y>y)  of  the  outer  granular  layer,  souietimes  imme- 
diately by  the  intervention  of  a  fine  fibrous  prolongation  ;  and  from  the  granules  of 
tbe  outer  layer,  fine  fibres  ('',  e)  may  be  traced  towards  those  of  the  inner  layer  (ff,  ff}. 
So,  again,  the  'cooes'  (t,  ft),  whose  outer  extremities  (r/,  rf)  are  often  seen  on  the 
external  surface  as  'rods,'  may  be  traced  into  continuity  with  the  granular  layers 
(/»  ff>)  hy  the  intermediation  of  fine  fibres  (<?,  «).  And  from  the  outer  granular 
layer,  similar  very  delicate  fibres  are  found  to  pass  towards  the  vesicular  layer, 
where  some  of  them  appear  to  come  into  absolute  continuity  with  the  radiating^ 
rolongations  of  the  nerve-cells  (10,  f),  whilst  others  pass  through  the  vesicular 
lycr,  and  expand  into  trumpet-shaped  terminations  (9,  A),  in  the  stratum  of 
optic  fibres.  The  effects  of  reagent*,  moreover,  on  these  elements,  are  such  as 
to  increase  this  probability.  It  is  to  be  remarked  especially  of  the  rod-lik« 
bodies,  that  they  are  very  speedily  and  remarkably  altered  by  the  contact  of 
water,  which  causes  them  to  undergo  contortions  and  irregular  bulgings  and  con- 
tractions (6). — Although  the  general  direction  of  the  fibrous  elements  of  the 
Retina  itself  (aa  distinguished  from  those  of  the  expansion  of  the  Optic  Nerve) 
is  radial  as  regards  the  globe  of  the  eye,  or  vertical  as  regards  any  part  of  iho 
;BDrface  of  the  membrane,  yet  there  are  situations  in  which  the  rod-like  bodies  are 
directed  so  obliquely,  as  Uj  prescQt  quite  au  imbricated  arrangement  upon  the 
external  surface  (Fig.  IG9). 

Fie,  16S,  Fi'- 
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P*rt  of  extern  n]  aurf&oe  of  X«fina  of  Frof 
ihowing  the  imbricated  urangemcnt  of  tbe 
eztremites  of  tbe  roda  of  *  Jncob'i  Moiiibrftiie. 


755.  There  are  two  spots  in  tbe  Retina,  in  which  the  arrangement  of  the 
furcgoing  components  is  essentially  different ;  and  from  these  differences,  im- 
portant physiological  concluBions  may  be  drawn.  One  of  these  is  the  slight  emi-  m 
ococe  at  which  tbe  Optic  nerve  enters,  which  is  a  little  below  and  interoal-to  the  H 
posterior  extremity  of  tbe  iixia  of  the  eye  ;  here  all  the  other  elements  than  the  ■ 
nerve-fibres  are  entirely  wanting.  The  other  is  the  'yellow  spot  of  Saemmering,'  I 
which  is  situated  in  the  exact  centre  of  tbe  retina ;  here  the  stratum  of  optio 
fibres  ia  wanting,  the  Dervc-celhi  being  in  immediate  coatuict  with  the  limitary 
43 
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membniTie;  the  gninular  layer  is  deficieDt  in  the  centre,  so  that  the  pigtoent  of 
the  choroid  is  visible  through  itj  but  the  bacillar  layer  is  everywhere  eoiilinti. 
oas,  the  ordinary  'rod«,'  however,  having  their  places  entirely  occnpicd  by  tie 
<  cones,'  whose  extremitiea  abut  upon  the  external  surface,  iost^Ad  of  beinjr  TV- 
moved  from  it  aa  elsewhere. — Now  it  is  not  a  little  remarkable,  that  the  point  of  the 
entrance  of  the  Optic  nerve  should  be  deficient  in  the  power  of  receiving  distinct 
visual  impressions  (§  772) ;  whilst  the  'yellow-spot '  is  the  most  sensitive  portiao 
of  the  entire  lletina.  And  hcnco  it  seems  unequivocally  to  follow,  that  then 
impressions  cannot  act  primarily  upon  the  nerve-fibres; — a  conclui^ion  which  bar- 
monizes  with  the  fact,  that  the  fibres  of  the  optic  nerves  are  superimposed  upon 
each  other  in  the  stratum  which  they  form,  in  such  numbers  that  it  is  not  coo- 
oeivable  that  they  should  be  the  primary  recipients  of  luminous  impression!, 
since  their  transparency  must  allow  rays  of  light  to  penetrate  from  one 
of  the  layer  to  another.  The  bacillary  layer  was  formerly  regarded  as  a 
ing  apparatus,  having  for  its  purpose  to  stop  the  further  pa^isage  of  light,  an J  t» 
intensify  its  influence  on  the  true  retina ;  but  since  its  connection  with  the  proper 
nervous  elements  of  the  retina  has  been  established,  there  seems  much  ground 
for  believing  (with  Prof  Kiillikcr)  that  its  rods  and  cones  are  the  primary  rea- 
pients  of  luminous  impressions,  and  that  they  communicate  their  condition  to  the 
fibres  of  the  optic  nerve,  by  means  of  their  own  delicate  fibrous  prolongatiom; 
which  seem  to  come  into  more  or  less  direct  connection  with  its  ultimate  ramifi- 
cations.  This  supposition  derives  confirmation  from  the  remarkable  fact,  that  the 
diameter  of  the  rods  bears  a  very  close  correspondence  with  the  dimensions  of  the 
retinal  ima^s  of  ihe  smallest  objects  of  which  we  can  take  cognizance  (§  756). 
And  it  harmonizes  well,  also,  with  the  idea  recently  put-forth,  that  the  obliquity 
of  the  rods  is  such  as  to  make  them  all  point  towards 'the  centre  of  direction*  of 
the  visual  rays  (§  759);  and  that  it  is  through  this  instrumentality,  that  we  are 
guided  in  our  appreciation  of  the  relative  directions  of  different  objects,  as  Artico- 
lated  animals  probably  are  by  the  impressions  made  on  the  individual  ocelli  of 
their  compound  eyes  (Prino.  of  Comp.  Phts.,  §  718,  Am.  Ed.),  since  the  object 
whose  rays  pass-down  any  one  of  these,  must  always  be  in  the  direction  of  ifa  axia' 

756.  The  limitt  of  Human  Vision,  as  regards  the  minuteness  of  the  objeeli 
of  which  it  can  take  cognizance,  have  been  investigated  by  Prof>  Ehrenbert, 
with  the  view  of  calculating  the  ultimate  power  of  the  Microscope.*  In  oppoo- 
tion  to  the  generally-received  opinion,  Ehrenberg  arrived  at  the  coDclu^on  that, 
in  regard  to  the  extreme  limits  of  vision,  there  is  little  difference  amongst  per- 
sons of  ordinarily-good  sight,  whatever  may  be  the  focal  distance  of  their  eyes. 
The  smallest  square  magnitude  usually  visible  to  the  naked  eye,  either  of  white 
particles  on  a  black  ground,  or  of  black  upon  a  white  or  light-ooloured  ground,  a 
about  the  l-405th  of  an  inch.  It  is  possible,  by  the  greatest  condensation  of 
light,  and  excitement  of  the  attention,  to  recognize  magnitudes  between  the 
1  •405th  and  l-540th  of  an  inch;  but  without  sharpness  or  certainty.  Bodies 
which  are  smaller  than  these,  cannot  be  discerned  with  the  naked  eye  when  sto- 
gie ;  but  may  be  seen  when  placed  in  a  row.  Particles  which  powerfiilly  refleel 
light,  however,  may  be  distinctly  seen,  when  not  half  the  size  of  the  least  of  the 
foregoing;  thus,  gold-dust*  of  the  fineness  of  l-1125th  of  an  inch,  may  be  dis- 
cerned with  the  naked  eye  in  common  daylight.  The  delicacy  of  vision  is  far 
greater  for  lines  than  for  mere  points;  since  opaque  threads  of  l-4900th  of  an 
inch  in  diameter  (about  half  the  diameter  of  the  Silk-worm's  fibre)  may  be  dis- 
cerned with  the  naked  eye,  when  held  towards  the  light. — The  degree  in  which 
the  attention  is  directed  to  them,  has  a  great  infiuence  on  the  readiness  with 
which  very  minute  objects  can  be  perceived  ;  and  Ehrenberg  remarks  that  there 

'  Se«  the  very  iogeaiotii  "  Esaai  aor  lea  PhoeptiiaeB,"  by  Dr.  Serre,  Pftria,  1853. 

'  "  Taylor'a  Snientifio  Memoira,"  vol.  1.  p.  676. 

*  Ehrcnbcru  mrntions  thnl  h*^  obtained  tbe  finest  pnrticles  nf  gold,  bj  ser&piaj;  fill 
brasa;  bj  filing  pure  gold,  he  always  obtaini^d  mucli  coarser  partiolw. 
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ranch  greater  difference  amongst  individusls  in  this  respect,  than  there  is  in 
regard  to  the  absolute  limits  of  vision.  Manj  personB  can  distiDctly  see  such 
objects,  wheD  their  situation  la  exactly  poio ted-out  to  them,  who  cannot  other- 
wise distinguish  them  ;  and  the  ^atiie  is  the  case  with  persons  of  acuter  percep- 
tion, with  respect  to  objects  at  distances  greater  than  those  at  which  thej  can  seo 
most  clearly.  "I  myself,"  says  Ehrenberg,  "cannot  see  l-2700th  of  an  inch, 
black  or  white,  at  twelve  inches'  distance ;  but  having  found  it  at  from  four  or 
five  inches'  distance,  I  can  remove  it  to  twelve  iocheB,  and  still  see  the  object 
plainly."  Similar  phenomena  are  well  known  in  regard  to  a  balloon  or  a  faint 
star  in  a  clear  sky,  or  a  ship  in  the  horiron  :  we  easily  see  them  after  they  have 
been  pointed-out  to  us;  but  the  faculty  of  readily  descrying  objects  depends  on' 
the  habit  of  using  the  eyes  in  search  of  them,  and  of  attending  to  the  sensory 
impresaions  thus  received  (§  775). 

757.  The  amount  of  light  admitted  to  the  Eye  is  regulated  by  the  oontraotion 
and  dilatation  of  the  Pupit,  the  smulleat  diameter  of  which  is  about  l^Oth,  and 
its  largest   about  l-3rd    of  an   inch. 

The  muscular  structure  of  the  Hu-  Pio.  170, 

man  Iris  is  entirety  of  the  non-stri- 
ated kind,  being  composed  of  the 
elongated  libre-cellS  with  staff-shaped 
nuclei  whieh  are  characteristic  of  that 
variety.  Part  of  these  are  bo  dis- 
posed as  to  form  a  circular  sphincter 
(Fig.  170,  a),  which  can  be  readily 
seen  in  the  iris  of  the  white  rabbit 
or  in  the  blue  iris  of  man  from  which 
the  uvea  has  been  removed,  immedi- 
ately aurroHndini^  the  pupillary  mar- 
gin fo  the  breaditb  of  about  one  third 
of  a  line.  The  fibres  of  this  sphinc- 
ter are  not  absolutely  paralk'l,  espe- 
cially tit  the  outer  margin,  whore 
they  seem  to  become  continuous  with 
those  of  the  rudinting  fasciculi  (Ji,b)f 
which  may  be  traced  from  this  spnino- 
ter  (though  usually  with  difficuky)  to 
tlko  outer  margin  of  the  iris,  some- 
times anastomoslnj7  with  each  other  corpuidei. 
in  their  course.*  The  contraction  of 
the  annular  fibres,  whereby  the  diameter  of  the  pupil  is  diminished,  is  effected, 
as  already  explained  (§  612),  through  the  instrumentality  of  the  Third  pair  of 
nerves;  the  contraction  of  the  radiating  fibres,  on  the  other  hand,  whereby  the 
pupil  \sdilati'd,  m  under  the  government  of  the  cervical  portion  of  the  Sympathetic, 
beipg<all«d-forth  (as  MM.  Budge  and  Waller  have  shown*)  by  irritation  of  the 
trunk  of  the  Sympathetic  in  the  neck  by  the  magneto-electric  apparatus,  whilst  a 
BoctioD  of  this  nerve  produces  a  permanent  contraction  of  the  pupil,  the  action  of 
the  Third  pair  being  then  no  longer  antagonized.  It  appears  from  other  experi- 
ments, that  the  fibreii  through  which  this  movement  is  effected,  pass  through  the 
Gasscrian  ganglion,  and  are  distributed  to  the  eye  by  the  ophthalmic  branch  of 
tbe  Fifth  pair  (§  492).  The  contraction  of  the  Pupil  answers  the  purpose,  as  we 
have  Been,  not  merely  of  excluding  superfluous  light  from  the  eye,  but  also  of 
cuttiog-off  tbe  meet  divergent  rays,  when  the  object  is  brought  near  the  refracting 
surface  (§  752). 

'  See  Prof  Kolliker'a  <' Mlkroslcopische  Anatomle,"  band  ii.  |  272;  and  Jo«.  J.  Lister'a 
•  Ohaervationa  on  the  Contractil«  Tiaaue  of  the  Iris,'  in  "  Quart  Jonm.  of  Microscop. 
Boienoe,"  toI.  i.  p.  8. 

'Oasette  Mddicale."  I8J51.  Xos.  41,  44, 
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7rt8.  The  BeDse  of  Vision  depends,  io  the  first  place,  oo  the  excitement  of 
our  sensational  consciousness  by  the  ocular  picture  impressed  upon  the  rptina,^ 
which  ri'prcsenta  the  outlines,  lights  and  ebttdcs,  colours,  and  relative  poeition^j 
of  ihe  objects  before  us;  and  all  the  ideas  respecting  the  real  forms,  distaoce^,^ 
&c.,  of  bodies,  which  we  found  upon  these  data,  are  derived  through  the  percep-i 
tioDB,  either  instinctively  or  experientialiy  suggested  by  sensatioaB.     Many  of  ^ 
these  idcrip  are  derived   through  the  combination,  in   our  minds,  of  the  Visual] 
perceptiuna,  with  those  derivtd  from  the  sense  of  Touch.     Thus,  to  take  a  mof4| 
simple  illustration,  the  idea  of  smnothnea*  is  one  essentially  tactile;  and  yet  it 
constantly  occurs  to  us,  on  looking  at  a  surface  which  reflects  light  in  a  particuli 
taaoDcr.     But,  if  it  wore  not  for  the  association  which  experience  leads  ns  tol 
form,  of  the  connection  between  poUdi  as  seen  by  the  eye,  and  smoothnfft  as  feltj 
by  the  to/c-A,  we  should  not  be  able  to  dcternainc,  as  we  now  can  do,  the  existsi 
ence  of  both  theae  qualities,  from  an  impression  communicated  to  Qs  thmuirk] 
cither  sense  singly. — The  general  fact  that,  in   Man,  the  greater  part  of  thoM] 
notions  of  the  external  world,  by  which  his  Bc|ioos  in  the  adult  state  are  guided^] 
are  acquired   by  the  gradual   association  of  the  two  sets  of  perceptions  deriveJl 
through  the  Sight  and  tlj rough  the  Touch,  is  substantiated  by  amply -suflScieaM 
ovideocc;  this  being  ehitfly  derived  frotu  observations  made  upon  porsoos  bom' 
blind,  to  whom  sight  has  been  communicated  by  an  operation,  at  a  periixl  of  life 
which  enabled  them  to  give  an  accurate   description  of  their  sensations.     Tbe 
case  recorded  by  Chcsolden  ia  one  of  the  most  interesting  of  these.     'J'he  youth 
(about  twelve  years  of  age),  for  some  time  after  tolerably-distinct  vision  had  beco 
obtained,  saw  everything  Jiat  as  in  a  picture,  simply  receiving  the  consciousness 
of  tbe  impression  made  upon  his  retina;  and  it  was  some  time  before  be  acqaind 
the  power  of  judging,  by  his  sight,  of  the  real  forms  and  disiAuces  of  the  ob- 
jects around  him.     Au  amusing  anecdote,  recorded  of  him,  shows  the  coiuplctf] 
want  which  there  is  in  Man,  uf  any  natural  or  intuitive  conoection  between  the 
ideas  formc<]  through  visual  and  through  tactile  sensations.     lie  was  well  a<s 
quainted  with  a  Dog  and  a  Cat  h^  feeling,  but  could  not  remember  their  resp>e«> 
tive  charact-ers  when  he  sav?  them;  and  one  day,  when  thus  putzled,  he  took-up 
tbe  Cat  in  his  arms,  and  felt  her  attentively,  so  as  to  associate  the  two  sets  of 
ideas,  and  then,  setting  her  down,  said   "So  puss,  I  shall  know  you  another 
time." — A  similar  instance  has  come  under  the  Author's  own  knowledge;  but 
the  subject  of  it  was  scarcely  old  enough  to  present  phenomena  so  striking. 
One  curious  circumstance  was  remarked  of  him,  which  fully  confinns  (if  confir- 
m:kiion  were  wanting)  the  view  here  given.     For  some  time  after  his  sight  wu 
tolerably  clear,  the  lad  preferred  finding  his  way  through  his  father's  hou.sc  (to 
which  he  had  been  quite  accustomed  when  blind)  by  touch  rather  than  by  sight, 
the  use  of  the  latter  sense  appearing  to  perplex  instead  of  assisting  hioi ;  but, 
when  learning  a  new  locality,  he  employed  his  sight,  and  evidently  perceived  llie 
increase  of  facility  which  ho  derived  from  it.' — Tbe  actions  performed  by  many 
new-born  animals  (§  tl(>4)  do  not  constitute  any  valid  objection  to  the  viow  that 
such  visuol  perceptions  are  for  the  most  part  acquired  by  Man  ;   for  all  that  is 
indicated  by  them  is,  that  certain  sensations  give-riso  to  movements  adapted  to 
supply  the  wants  to  which  they  relate;  and  thej  do  not  afford  any  proof  tint 
definite  notions,  such  as  we  entertain,  of  the  forms  and  properties  of  external 
objects,  are  possessed  by  the  auiiuals  which  exhibit  them. — We  shall  now  ex- 
amine, a  little  more  in  detail,  into  tbe  means  by  which  we  gain  such  notions,  and 
the  data  on  which  they  are  founded. 

75'J.  The  first  point  to  be  determined,  is  one  which  has  been  a  fniitful  sooroe 
of  discussion, — the  cause  of  erect  vision,  the  picture  upon  the  retina  being  io- 

•  The  queition  bu  been  proposed,  whether  a  person  bom  blind,  who  wm  able  by  ihtJ 
MM*  of  Touch  to  dietingutBh  m  cube  from  a  sphere,  would,  on  sudtlenlj  obraining  bIS 
Right,  b«  Rble  to  distinguish  them  b^  lh«  latter  sense.     This  question  wa»  ootwertd  t/ 
l<ocke  lo  the  negative;  tuid,  aa  appears  from  the  facta  above  staled,  with  jaatioet. 
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'Tfrted;  and  with  tbia  is  connected  the  pencral  question  of  the  origin  of  onr 
Se^*M  of  Direction. — The  difficulty  which  has  been  raised  in  regard  to  the  former 
subject,  is  mther  apparent  thiin  roal ;  being  founded  on  an  erroneous  iiotiuD  of 
the  nature  of  the  Visual  gense.     For  it  seems  to  have  been  supposed  that  we 
look  ut  the  retinal  picture  with  the  '  mind's  eye/  just  as  we  look  at  the  picture 
formed  by  a  Camera  with  iho  bodily  eye ;  and  that  our  conwiousness  roust  be 
therefore  impressed  by  its  discordaoce  with  the  lufonnaiion  which  we  receivo 
through  our  sense  of  Touch.     Some  philosophora,  indeed,  have  actually  gone  so 
far  as  to  ai^scrt,  that  the  Infant  must  at  first  tfee  everything  invert<;d,  and  that 
the  ercctness  of  visual  objects  is  only  learned  by  the  corrective  experience  gained 
by  touching  and  handling  them.     But  such  is  clearly  not  the  ca?e  ;  for  the  visoiil 
perception  is  obviously  not  a  mere  transfer  of  the  sensorial  impression,  but  is  a 
nuntal  ttiite  excited  b^  it,  and  therefore  related  to  it  as  an  effect  to  its  cause; 
and  we  know  no  reason  why  it  fihould  be  lest  vatural  for  the  retinal  picture  to 
siujtjeit  to  the  mind  the  Qotion  of  erect  position,  than  for  it  to  bave  the  contrary 
effect.     Moreover,  it  will  appear  from  recent  investigations  to  be  hereafter  de- 
tailed (§  773),  that  there  is  in  the  eye  a  common  'centre  of  direction/  through 
which  all  lines  must  pass,  that  arc  drawn  from  aoy  points  of  an  external  object 
to  the  corresponding  points  of  its  retinal  image;'  and  that  we  intuitively  refer 
the  cause  of  the  excitation  of  any  spot  of  the  retina  by  a  lumiooua  impression, 
to  an  objective  source  in  the   'tine  of  direction'  which  passes  from  that  spot 
through  the  centre  of  direction;  so  that,  in  virtue  of  this  'law  of  visible  direc- 
tion,' as  at]  the  lines  of  direction  cross  each  other  both  vertically  and  laterally, 
the  formation  of  an  inverted  image  upon  our  retina  suggests  to  our  minds  the 
representation  of  the  object  in  its  erect  position,  and  the  same  reversal  tjikcs- 
place  also  in  regard  to  its  two  aides,  which  are  transposed  in  the  retinal  picture. 
A  peculiar  arrangement  of  the  receptive  apparatus,  which  seems  to  be  8ul)ser- 
vicnt  to  this  mental  appreciation  of  direction,  has  been  already  noticed  (§  755). 
700-  The  cause  of  tSingle  Vision  with  the  two  Et/e»  has,  in  like  manner,  been 
the  subject  of  much  discussion ;  and  here,  too,  the  difficulty  is  rather  apparent 
than  real,  having  for  its  foundation  the  idea  that  the  mind  looks  at  the  two  re- 
tinal pictures  as  at  two  separate  objects,  instead  of  being  impressed  by  a  certain 
state  of  the  Sensoriura,  which  may  be  eicited  through  ibe  instruraentality  of 
eitlicr  eye,  or  through  that  of.  both  in  combination.     Some  have  even  asserted, 
under  the  influence  of  this  idea,  that  we  do  not  really  employ  both  eyes  simul- 
taneoo^ty,  but  that  the  mind  is  alfected  by  the  image  communicated  by  one  only; 
which  might  seera  to  be  confirmed  by  the  fact  heretofore  mentioned  (§  592), 
respecting  the  alternate  use  of  the  two  eyes,  when  they  are  looking  through  two 
differently-coloured  media.     But  of  this  assertion  a  complete  disproof  is  atfordcil 
by  the  knowledge  we  now  possess  (§  761),  that  our  appreciation  of  the  solid 
forms  of  bodies  depends  on  the  combination,  hj/  the  Mind^  of  the  images  simul- 
taneously suggested  by  the  two  pictures;  and  that  our  knowledge  of  distances  is 
in  great  part  obtained  in  like  manner. — Attempts  have  been  made  to  explain  the 
phenomena  of  Single  Vision  by  the  peculiar  decussation   of  the  Optic  Nerves 
formerly  described  (§  523);  it  being  supposed  that  only  one  Optic  Ganglion  would 
be  affected  by  an  impression  made  upon  both  Retioae.     This  expluntition,  how- 
ever, even  supposing  the  fact  to  be  as  stated,  would  be  far  from  affording  the 

'  With  regitrd  to  (he  precise  situation  of  this  '  centre  of  direction,'  there  is  a  witnt  of 
accordance  among  tho-^e  who  have  atteuipted  to  determine  it;  eome  having  plnced  it  in  the 
centre  of  Ihe  pupi!,  others  in  (he  centre  of  the  cryatnlliDe  lena,  others  at  various  ditftancea 
between  tbis  and  the  centre  of  the  globe,  and  othcra  (among  theni  Sir  D.  Brewster)  in  the 
centre  of  the  globe.  Tbis  last  notion,  and  tlie  'law  of  visible  direction'  founded  upon 
it, — which  affirms  that  every  object  ia  seen  to  the  direction  of  Ihe  perpendicular  (or  mdius) 
to  every  point  of  (he  retina  which  is  impressed, — is  so  manifestly  wrong,  that  it  is  diiScuIt 
to  conceive  how  it  could  ever  have  been  entertained  by  men  of  science.  The  experimetital 
inveatipations  of  Dr.  Serre  (J  773)  lead  bim  to  regard  the  centre  of  the  crystalline  as  the 
*  centre  yf  direction.' 
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Bolution  of  the  problem;  and  it  would  be  entirely  inapplicable  to  that  very  im- 
portant series  of  phenoniena  to  be  next  described,  which  show  how  large  an 
amoant  of  informatioQ  wo  derive,  not  from  the  Tepftition,  but  from  the  diffcrtnce^ 
of  the  sensory  impressioas  made  by  the  saiuc  object  upon  our  two  retioae ;  and 
which  indicate  that  here,  as  in  the  case  of  erect  vision,  the  mental  intrrprrtatirit 
of  the  sensory  impressions  ie  a  process  altogether  removed  from  the  simple  affec- 
tion of  the  consciousness  by  those  impressions,  and  is  not  to  be  accounted-for  hj 
any  structural  arrangements  of  the  Sensorial  apparatus.  One  condition  of  Single 
Vision,  however,  seems  to  be  this,  that  the  two  images  of  the  object  should  be 
formed  on  parts  of  the  two  retinas  which  are  accustomed  to  act  in  concert ;  and 
Kahit  appears  to  be  the  chief  means  by  which  this  conformity  is  produced  (§  800). 
There  can  be  no  doubt,  however,  that  double  images  are  continually  being  con- 
veyed lo  the  Sensorium ;  but  that,  from  their  want  of  force  and  distinctness, 
and  from  the  attention  being  fixed  on  something  else,  we  do  not  take  oognizaore 
of  them.  This  may  be  shown  by  ft  very  simple  experiment.  If  two  fingers  be 
held-up  before  the  eyes,  one  in  front  of  the  other,  and  vision  be  directed  to  the 
more  distant,  so  that  it  is  seen  sinply.  the  nearer  will  appear  double  ;  while,  if  the 
nearer  one  be  rc^rded  more  particularly,  so  as  to  appear  single,  the  more  distant 
will  be  seen  double.  A  Httle  consideration  will  show,  therefore,  that  our  mindi 
must  be  thus  contiDUiilly  affected  with  sensations,  which  cannot  be  united  into 
the  idea  of  a  single  image ;  since,  whenever  we  direct  the  axes  of  our  eyes  t<K 
wards  any  object,  everything  else  will  bo  represented  to  us  as  double ;  but  we 
do  not  ordinarily  perceive  this,  from  our  minds  being  fixed  upon  a  clear  and 
distinct  imajre,  and  disreparding,  therefore,  the  vague  undefined  images  formed 
by  objects  not  in  the  visual  focus.  Of  this  it  is  very  easy  to  satisfy  one's-self — 
This  experiment,  moreover,  makes  it  evident  that  double  vision  cannot  remit 
from  v:ant  of  symmetry  in  the  position  of  the  images  upon  the  retina,  to  wbioh 
Bome  have  attributed  it ;  for  it  answers  equally  well,  if  the  line  of  the  two  finjrer?  \t 
precisely  in  front  of  the  nose,  so  that  the  inclination  of  both  eyes  towards  either 
object  is  c(|ual;  the  position  of  the  images  of  the' second  object  must  then  be  &t 
the  same  disfaBce  on  either  side  from  the  central  line  of  the  retina,  and  yet  they 
are  represented  to  the  mind  as  double.  Uence,  too,  it  seems  clear  that  single- 
ness of  vision  in  an  object  that  is  looked-at,  is  also  dependent  in  part  upon  the 
convergence  of  Oie  optic  axes  in  that  object  (§  75^2);  and  that  this  is  the  casBj 
appears  further  from  a  curious  experiment  devised  by  Prof  Wbeatstone,  in  whtckj 
two  similar  objects  are  made  to  seem  as  one,  when  they  are  placed  in  the  linC  j 
of  convergence.  This  is  accomplished  by  looking  through  two  tubes,  placedj 
before  the  right  and  left  eyes  respectively,  at  two  similar  objects  of  any  deecrif 
tion,  placed  near  the  farther  extremities  of  the  tubes;  if,  now,  these  objeote  h§\ 
slightly  approximated,  so  that  the  axes  of  the  tubes  (still  directed  towards  them)] 
meet  in  a  point  beyond,  the  mind  is  impressed  with  the  image  of  only  a  single 
object,  and  this  appears  to  be  removed-hack  to  the  point  of  convergence. 

7lil.  On  the  mode  in  which  our  notion  of  the  $olid/orm$  and  reiaiive  projro- 
tion  of  objects  is  required,  great  light  has  been  thrown  by  the  interesting  eipcri*' 
menf."  of  Prof  Wbeatstone.'     It  aeema  perfectly  evident,  both  from  r«asoD 
experience,  that  the  flat  picture  upon  the  retina,  which  if)  the  immediate 
of  our  sensation,  could  not  itself  convey  to  our  minds  any  notion,  but  that  of  • 
corresponding  plane  surface.     In  fact,  any  notion   of  totidity,  which   might  be 
formed  by  a  person  who  had  never  had  the  use  of  more  than  one  eye,  woulli 
entirety  depend  upon  the  combination  of  bis  visual  and  tactile  sensations.     Tbii" 
view  ia  fully  confirmed  by  the  case  already  refcrred-to  (§  758),  as  r^orded  bj 
Cheselden.     The  first  visual  idea  entertained  by  the  youth  was,  that  the  objpotl] 
around  him  formed  a  flat  surface,  which  touched  his  eyes,  as  they  had  previooslyj 
been  in  contact  with  his  hands  ;  and  after  this  notion  had  been  corrected,  thrmistt^ 
the  education  of  his  sight  by  hia  touch,  he  fell  into  the  converse  error  of  aup- 
•  "  Philosophical  TrttDsactionB,"  1888  and  l&oi 
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poBiD^  ihnt  a  picture,  which  was  shown  to  hira,  was  the  object  itself  represented 
tD  relief  on  a  small  scale. — But  where  both  eyes  are  employed,  it  has  been  ascer- 
tained by  Prof.  VVheatsloce,  that  they  concur  in  exciting  the  perception  of  Bolidity 
or  projetaion,  which  arises  from  the  mental  combinHtion  uf  the  two  dissimifar 
pictures  formed  upon  the  two  retinae.  It  is  easily  shown,  that  any  near  object 
is  seen  in  two  different  modes  by  the  two  eyes.  Thus  let  the  reader  hold-up  a 
thin  book,  in  sacb  a  manner  that  its  back  shall  be  exactly  in  front  of  his  nose, 
and  at  a  moderute  distance  from  it;  he  will  observe,  by  cIosiD^  tirst  one  eye  and 
then  the  other,  that  his  pcrspectiTe  view  of  it  (or  the  manner  in  which  ho  would 
represent  it  on  a  plane  surface)  is  very  different,  according  to  the  eye  with  which 
he  sees  it.  With  the  right  eye  he  will  see  its  right  side,  very  much  fore- 
shortened ;  with  the  left,  be  will  i^in  a  corresponding  view  of  the  left  aide ;  and 
the  apparent  angles,  and  the  lengths  of  the  dtiferent  lines,  will  be  found  to  be 
▼ery  different  in  the  two  views.  On  looking^  at  cither  of  these  views  singly,  no 
other  notion  of  solidity  can  be  acquired  from  it,  than  that  to  which  the  mind  ia 
conducted,  by  the  aaaooiation  of  such  a  viuw  with  the  touch  of  the  object  which 
it  represents.  But  it  is  capable  of  proof,  that  the  mental  association  of  the  di/- 
ferent  pictures  upon  the  two  retinas,  does  of  itself  give  rise  to  the  idea  of  solidity. 
This  proof  is  afforded  by  Prof  Wbeatatone'a  ingenious  instrument,  the  Stereo- 
aoope  first  described  by  him  in  1838.' 

7t>2e  The  Sterfosoipu  in  its  orif^inal  form  essentially  consists  of  two  plane 
mirrors,  inclined  with  their  backs  to  one  another  at  an  angle  of  GO**,  If  two  per- 
spective drawingH  of  any  solid  object,  as  seen  at  a  giveu  distance  with  the  two 
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eyes  respectively,  such  as  those  at  a  and  b,  Fiq.  171,  be  so  placed  before  thesa 
mirmrs,  one  before  each,  that  their  two  images  shall  be  made  to  fall  upon  the 

'  Variotu  modificattoDB  of  this  instrument  haTe  been  sabsequenttj  iDtroiluced ;  and  there 
19  one  which  has  recently  (186'J)  come  into  Tery  extensive  uae,  in  which  the  two  monocular 
pictures  placed  side  by  side,  as  in  Figs.  171,  172,  are  vicwod  by  the  two  eyes  respectively 
throDgh  two  haSves  of  a  convex  leni!.  The  great  nrlvantMge  of  this  tnatrument  ia  i(f< 
portability,  and  ita  enlargement  of  the  picture»  by  the  mn-j^ifying  power  of  the  leuBes; 
bat  it  ia  limited  to  pictures  of  small  siie,  eiaco  the  distance  tietiipen  corresponding  points 
of  the  two  pictures  muat  not  exceed  the  distance  between  theoentres  of  the  two  eyes;  and 
it  ifl  incapable  of  many  udaptations  which  can  be  made  with  the  mirror-stereoiteope. — Ai« 
Sir  D.  Brewster  hns  recently  pat-forth  his  claim  as  an  original  discoverer,  in  re^nrd  to  tbv 
tmtbs  of  binocular  vision  which  have  been  established  by  the  Stereoscope,  on  the  strength 
of  »nmc  comparatively  trivial  improvements  in   the  construction  of  thf  in<<triiment,  tb« 
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corresponding  pnrts  of  the  two  retinae,  ia  the  same  manner  as  the  two  imftges 
formed  by  the  solid  object  iuself  would  have  done,  the  mind  will  perceive,  not  a 
single  representation  of  the  object,  nor  a  confused  blending  of  the  two,  bat  a 
projcctiog  or  recedin!»  surface,  ihe  exact  counterpart  of  that  from  which  the  draw- 
ings were  made.'  The  solid  form  is  forcibly  impreesed  on  the  mind,  even  when 
outlines  only  are  given,  especially  if  these  be  delineations  of  simple  georactrifal 
figures,  easily  suggested  to  the  mind ;  and  it  may  be  readily  shown  that  the  very 
Bame  outlines  will  suggest  different  conceptions,  according  to  the  mode  in  which 
they  arc  placed.     Thus  in  Fig.  172,  the  uppor  pair  of  figures  a,  b,  when  com- 
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bined  in  the  Stereoscope,  excite  the  idea- of  k  projtctiT^g  truncated  pyramid,  with 
live  Bmall  square  m  the  cmfrr,  and  the  four  sides  sloping  equally  QV>ay  frcm.  it; 
whilst  the  lower  pair  of  figures,  o,  D,  which  are  the  same  as  the  upper,  but  tnuis- 
ferred  to  the  opposite  sides,  no  less  vividly  bring  before  the  mind  the  visual  coo- 
CfptioD  of  a  reccdittff  pyramid,  still  with  the  small  square  in  the  centre,  and  lh« 
four  sides  sloping  equally  toicanh  it.  —  Prof  Wheatstone  has  fiirther  shown,  ly 
means  of  the  Stereoscope^  that  similar  images,  diflFering  to  a  certain  extent  in 
luugnitude,  when  presented  to  the  corresponding  parts  of  the  two  retinae,  give- 
rise  to  the  perception  of  a  single  object,  intermediate  in  size  between  the  two 
monocular  pictures.  Were  it  not  for  this,  objects  would  appear  single,  only  when 
at  an  equal  distance  from  both  eyes,  so  that  their  pictures  upon  the  retina  are  o£ 
the  same  size ;  which  will  only  happen,  when  they  are  directly  in  front  of  the 
median  line  of  the  face.  Again,  if  pictures  of  dissimilar  objects  be  simulta- 
neously presented  to  the  two  eyes,  the  consequence  will  be  similar  to  that  which 
ia  experienced,  when  the  rays  come  to  the  eye  through  two  differently-coloured 
media;  the  two  images  do  not  coalesce,  nor  do  they  appear  pcrmanenily  6up«r- 
poeed  one  upon  the  other;  but  at  one  time  one  image  predominates  to  the  exclu- 
sion of  the  other,  and  then  the  other  ia  seen  alone;  and  it  is  only  at  the  moment 
of  change,  that  the  two  seem  to  be  intermingled.     It  does  not  appear  to  be  io 

Author  ietla  it  due  to  Prof.  Wbeatstone  to  state  his  own  conTiotion,  founded  upon  a 
c&rcful  examinatlau  of  the  whale  history  of  the  invention,  that  the  mlirt  merit  of  the  idea, 
—  tb&t  all  our  perceptioa  of  solidity  derived  through  the  visual  sense  ia  coneeqneot  upon 
the  mentitl  combination  of  the  two  di«flimilar  pictures  upon  the  two  retioe, — and  further, 
that  the  whole  merit  of  the  rtatiiation  of  that  idea  by  means  of  the  mirror-airreoscope, 
long  before  Sir  D.  Brewster's  attention  had  been  giyen  to  the  subject  at  all, — bcUmga  U 
Prof.  Wheatstone. 

'  The  mo-st  striking  effect  isiprodnced  by  two  PhotoprnphJo  picturee,  taken  at  the  Mine 
time  by  two  cameras,  so  placed  that  their  axes  shall  form  ihe  same  angle  with  each  (thrt 
■8  that  which  the  axes  of  the  two  eyes  would  form  when  looking  at  the  same  oliject  Tki* 
■daptation,  though  the  credit  has  been  assumed  by  others,  was  originally  devisied  bv  Pf«f- 
Wheulalooe. 
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the  power  of  the  Will,  Prof  Wbeatstone  reninrks,  to  determine  the  nppearaoce 
of  either ;  but  if  one  picture  he  more  itluminnted  titan  the  other,  it  will  be  seen 
durioc  a  larjjer  portion  of  the  time.  If,  however,  the  differences  in  the  two  pic- 
tures i>e  such  that  the  Mind  can  reconcile  them,  an  intermediate  conception  it 
formed ;  thus  if  two  photographic  portraits  be  taken  at  the  proper  angle  for  the 
Sten>oscope,  not  sinaultanoously  but  cjonsecutirely,  and  ihc  ♦  fitter'  alter  his  ex- 
pressioD  in  the  interval,  so  that  one  of  the  portraits  representa  him  with  a  smile, 
aad  the  other  with  a  frown,  the  Stereoscopic  image  will  present  an  intermediate 
cxpresaion  of  placidity,  —  Many  other  curious  experiments  with  this  simple  in- 
Btrument  are  related  by  Prof.  Wbeatstone;  and  they  all  po  to  confirm  the  gene- 
ral conclusion,  that  the  combination  of  the  diuirailnr  images  furnished  by  the 
two  eyes  is  a  mental  act,  the  resultant  of  which,  in  the  case  of  all  objects  that 
are  near  enough  to  be  seen  in  dllferent  perspective  with  the  two  eyes,  is  a  mental 
image  (referred  to  the  vieual  sense)  possei^sing  the  attributes  of  solidity  and  pro- 
jection. Id  regard  to  distant  objects,  however,  the  difference  in  the  images  formed 
by  the  two  eyes  is  bo  slight,  that  it  cannot  aid  in  the  determinatioa ;  and  hence  it  is, 
that  whilst  wc  have  tio  difficulty  in  distinguishing  a  picture,  however  well  painted, 
from  a  solid  object,  when  placed  near  oar  eyes,  (since  the  idea  which  might  be 
suggested  by  the  image  formed  on  one  eye,  will  then  be  corrected  by  the  other),' 
we  are  very  liable  to  be  misled  by  a  delineation,  in  which  the  perspective,  light  and 
shade,  &c.,  are  faithfully  depictedj  if  we  are  placed  at  a  distance  from  it,  and  are 
prevented  from  perceiving  that  it  is  tut  a  picture.*  In  this  case,  however,  a 
slight  movement  of  the  bead  is  sufficient  to  uDdeceive  us;  since  by  this  move- 
tnent  a  great  change  would  be  occasioned  in  the  perspective  view  of  the  object, 
supposing  it  to  possess  an  uneven  surface;  whilst  it  Kcaroely  affects  the  image 
formed  by  a  picture.  Id  the  same  manner,  a  person  who  only  possesses  one  eye, 
may  obtain,  by  a  tilight  motion  of  bis  head,  the  same  idea  of  the  form  of  a  body, 
which  another  would  acrjuire  by  the  simultaneous  use  of  hia  two  eyes. 

763,  Our  appreciation  of  the  relative  Diistances  of  near  objects,  seems  to  bo 
derived  in  like  manner  from  the  mental  cumbination  of  the  perceptions  derived 
from  the  dissimilar  picturcA  upon  the  two  retinuB,  assisted  by  the  sensations 
derived  from  the  muscles  of  the  eyeballs,  which  are  pat  in  action  to  bring  the 
optic  axes  into  the  requisite  convergence.  How  much  our  right  estimation  of  the 
relative  distances  of  objects  not  too  far  removed  from  the  eye,  depends  upon  the 
joint  use  of  iofh  eye»,  is  made  evident  by  the  fact,  that,  if  we  close  one  eye,  we 
find  ourselves  unable  to  execute  with  certainty  many  actions  (such  as  threading  a 
needle,  or  snuffing  a  candle)  which  require  its  guidance.  In  proportion  as  the  object 
ia  approximated  to  the  eyes,  alight  differences  of  distance  produce  marked  differ* 
CDces  in  the  degree  of  convergence,  and  these  are  readily  appreciated  so  as  to 
afford  the  means  of  very  nice  discrimination  :  whilst,  on  the  other  hand,  in  pro- 
portion as  they  are  removed  further  and  further,  do  the  optic  axes  approach 
parallelism,  and  the  power  of  appreciating  differences  of  disliance  is  lost.  It  is 
the  usual  opinion  that  the  muscular  sensation  which  accompanies  the  iocliQation 
of  the  optic  axes,  immediately  tiKjijeits  the  notion  of  the  distance  of  an  object  j 
and  that  our  appreciation  of  its  tize  depends  upon  a  secondary  interpretation  of 
the  maguitude  of  its  picture  on  the  retina,  on  the  basis  of  this  notion.  But  it 
would  appear  from  the  e.vpenments  of  Prof.  Wbeatstoue,  that  the  reverse  is  the 

*  It  la  a  remarkable  illustratian  of  this  principle,  that  a  photographic  representAtion  of 
s  lamtnoape,  building,  &c.,  wiieu  Tivwed  with  on«  tyt  at  a  uoderato  di«taDce,  frequently 
brioga  (be  real  scene  far  rnnre  forcibljr  before  the  menUil  vision  than  when  it  is  looked  at 
with  both  eyes:  siace,  in  the  latter  cnse,  the  mind  cannot  Kvoid  perceiving  the  flatness  of 
its  fiurface;  whilit,  in  the  former,  the  pcrapectiTe.  and  the  dialribution  of  the  lights  and 
nbadowB,  are  fre«  to  suggest  to  the  mind  the  relstive  distances  and  projections  of  the 
B«Terml  parta. 

*  This  dfbi'ion  has  been  extremelj  comptete,  in  some  of  those  who  have  seen  the  paoo- 
r«n)ic  view  of  London  in  the  ColoKseum.  A  ItTely  und  interesting  account  of  it  is  given  in 
tbe  Journal  of  the  Panee  Shipbuilders,  who  visited  England  some  jrears  ago. 
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case ;  ihe  pensatinn  of  convergence  assisting  in  the  first  instance  to  detenaioe  the 
Bixe,  and  the  appreciation  of  distance  being  a  secondaiy  jadgment  baaod  on  this 
foundation  (§  766). — The  power  of  estimating  distance  from  the  foregoing  dara, 
however,  is  obviously,  in  Man,  not  an  intuitivo  but  an  acquired  endowment;  for 
it  is  evident  to  any  observer,  that  infants,  or  older  persons  who  have  bat  recentlj 
acquired  sight,  form  very  imperfect  ideas  respecting  the  distance  of  objects; 
their  attempts  to  grasp  bodies  which  attract  their  attention,  being  for  a  long  time 
unsuccessful,  so  that  tlicy  only  gradually  learn  to  measure  distances  by  the  sight, 
through  the  medium  of  the  touch.  And  it  seems  to  follow  from  this,  that  even 
the  notion  of  '  projection,  which  we  seem  necessarily  to  form  when  looking  at  a 
solid  object  within  a  moderate  distance,  or  a  properly-adjusted  pair  of  Stereoscopic 
pictures,  is  not  derived  from  an  original  intuition,  but  is  the  result  of  the  associa- 
tion of  our  visual  with  our  tactile  experience,  very  early  in  life,  so  as  to  oonstitate 
a  'secondary  intuition'  on  which  all  our  subsequent  appreciation  of  projectioo  is 
based. 

764.  In  regard  to  retnote  objects,  our  judgment  of  Distance  is  chiefly  founded 
upon  their  apparent  size,  if  their  actual  sise  be  known  to  us ;  bat,  if  this  be  not 
the  case,  and  if  we  are  so  situated  that  we  cannot  judge  of  the  tntervening  ^Mee, 
we  principally  form  our  estimate  from  that  effect  of  different  degrees  of  Temot»> 
ness  upon  the  distinctness  of  their  colour  and  outline,  which  ia  known  to  Artisil 
as  'aerial  perspective.'  Hence  this  estimate  is  li.tbte  to  be  greatly  affected  bj 
varying  states  of  the  atmosphere,  an  is  particularly  known  to  every  one  who  bti 
vinted  warmer  climates  ;  where  the  extreme  olearoesa  of  the  air  sometimes  brisgi 
into  apparently-near  proximity  a  hill  that  rises  some  miles  beyond  &  neigh boaring 
ridge  (the  iaterveiting  space  being  bidden,  so  as  not  to  affoni  any  datum  for  th« 
estimate  of  the  distance  of  the  remote  hill,  whilst  a  slight  hauness  carries  ils 
apparent  distance  to  three  or  four  times  the  reality. 

705.  Our  estimate  of  the  Size  of  a  remote  object  is  partly  dependent  npon  tkc 
visual  angle  Tinder  which  we  see  it,  and  partly  upon  our  estimate  of  ita  dittanct.' 
The  '  visual  angle/  formed  by  imaginary  lines  drawn  from  the  eye  (Fig.  178,  A) 
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'  TVhen  objects  are  so  remote  that  we  hnre  no  means  of  eren  approxtmatel;  rstioutiij 
their  dittance,  we  hiive  no  mensure  whatever  of  their  lue-     Thus,  the  Sun  Awi  the  M4 
are  of  nesrlj  the  aame  apparent  siie  to  us,  though  one  is  about  four  hondred  tiaiet  l 
distance  of  tlie  other ;  and  we  may  cover  either  disc  with  a  sixpence  held  nc&r  the  tjt,l 
as  to  be  seen  under  the  same  visual  angle ;  but  we  do  not  possess  the  least  power  of  nil* 
mating  the  actual  sixes  of  these  objects,  save  by  a  calculation  based  do  a  knowledgt  of 
their  relative  distan-res. 
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io  the  extreme  points  b,  c,  of  the  object,  is  the  moasnre  of  the  dimension  i>f  it» 
image  upon  the  retina;  and  it  is  obvioaa  that,  if  two  objecta,  B  o,  p  e,  the  fonnirr 
being  twice  the  length  of  the  latter,  be  placed  at  the  saaie  distance,  the  visnul 
angle  fi  a  o  being  twice  as  great  as  the  angle  d  a  E,  the  image  of  B  c  upoo  the 
retina  will  be  twice  aa  long  as  that  of  B  E,  and  the  tuiod  will  estimate  their  rela- 
tive sizes  accordingly.  But  if  the  distance  of  the  object  D  E  from  the  eye  be 
dlmimshed  to  oae-nulf,^  so  that  it  is  brought  into  the  positioQ  V  0,  its  visual 
angle,  and  consequentlj  the  size  of  its  image  on  the  retina,  will  now  be  equal  to 
that  of  B  c;  and  the  estimate  we  form  of  the  relative  eizea  of  the  two,  will  en- 
tirelj  depend  upon  the  idea  we  entertain  of  their  relative  distances.  Henc«  anjf 
oircumsUuce  which  iDodifleH  thnt  idea,  produces  a  corrcHponding  differeuce  in  our 
estimate  of  their  size;  so  that  the  apparent  size  of  an  object,  seen  under  the 
same  Tisaat  angle,  may  be  estimated  aa  larger  or  smaller  than  the  reality,  accord- 
ing as  we  suppose  it  to  be  more  or  less  distant  than  it  really  is.  Of  this  we  have 
a  familiar  instance  in  the  fact,  that  if  we  meet  a  child  whilst  we  are  walking 
across  a  common  in  a  fog  (the  flatness  of  the  ground  not  giving  as  much  power 
of  estimating  the  intervening  space),  it  appears  to  have  the  stature  of  a  man, 
and  a  man  seems  like  a  giant;  for  the  indistinctness  of  outline  causes  the  mind 
to  conceive  of  the  figures  as  at  a  greater  distance  than  they  really  are,  and  their 
apparent  dimensions  are  augmented  in  like  proportion.  For  if  the  object  F  o 
(Fig.  173)  be  mentallt/  carried-bfick  to  the  distance  of  D  E,  being  still  seen  under 
the  visual  angle  F  A  a  (or  B  A  c),  it  will  appear  to  possess  the  length  B  0  instead 
of  D  E.  On  the  other  hand,  if  the  object  B  0  were  to  be  men  tally  brought /or- 
wards  into  the  position  K  L,  its  apparent  size  being  still  determined  by  ite  Tisual 
angle,  it  will  seem  to  be  reduced  to  the  length  F  o. 

706.  That  our  estimate  of  the  Sixe  of  near  objecta,  however,  depends  upon  a 
more  direct  process,  seems  to  be  a  necessary  inference  from  the  following  very 
ingenious  experiments,  made  by  Prof.  Wheatstone  with  a  modificatioB  of  hia  Mir- 
ror-Stereoscope, devised  for  separately  testing  the  influence  of  the  two  conditions, 
— namely,  the  magnitude  of  the  retinal  picture,  and  the  degree  of  convergence 
of  the  optic  axes, — which  are  oniinarily  in  action  together.  When  an  object  is 
moved  nearer-to  or  further-from  the  eye,  its  perceived  or  estimated  magnitude 
undergoes  no  change.  But  if  two  pictures,  placed  in  the  mirror-stereoscope,  be 
made  to  move  to  and  from  the  mirrors,  in  such  a  manner  as  to  vary  their  (/t«- 
tanc4s  from  these  (and  therefore  from  the  eyes),  without  altering  the  angle  of 
convergence,  their  perceived  magnitudes  are  augmented  and  reduced,  in  precise 
proportion  to  the  increased  and  diminished  sizes  of  the  retinal  pictures.  Con- 
versely, if  the  two  pictures  be  made  so  to  change  their  places  in  regard  to  the 
mirrors  (by  moving  in  a  horizontal  circle,  of  which  the  middle-point  between  the 
mirrors  is  the  centre),  that  the  a'Rtjle  of  conver(/ence  is  increased  or  diminished, 
IB  it  would  be  if  the  object  were  brought  nearer  to  the  eyes  or  removed  farther 
from  them,  the  perceived  magnitude  of  the  pictures  ia  altered  in  an  inverse  man- 
ner ;  being  reduced  when  the  angle  of  convergence  ia  increasad,  and  increased 
when  the  inclination  of  the  optic  axes  is  lessened  so  as  to  approach  porallelism. 
Thus  it  appears  that  the  absence  of  alteration  in  the  perceived  magnitude  of  an 
object  as  ordinarily  seen  at  varying  distances,  ia  the  result  of  the  inverse  action 
of  these  two  kinds  of  suggestion ;  for  the  enlargement  of  the  retinal  picture,  when 
acting  alone,  occasions  an  increase  in  the  perceived  magnitude,  whilst  an  increase 
of  convergence,  taking-place  by  itself,  diminishes  the  perceived  magnitude;  and 
thas,  as  these  alterations  occur  simultaneously  when  an  object  ia  approximated 
to  the  eye,  its  dimensions  seem  to  undergo  do  change;  as  wilt  also  be  the  case, 
when,  by  the  removal  of  the  object  to  a  greater  distance,  these  conditions  are 
again  made  to  vary  aimultaceously,  though  in  a  contrary  direction. — It  may  fiir 
tfaer  be  remarked,  that  in  the  first  of  tbe  foregoing  experiments,  the  picture  whose 
perceived  magnitude  is  undergoing  enlargement  or  diminution  in  consequence  of 
the  alteration  of  its  retinal  magnitude,  seems  evidently  to  be  approaobing  and 
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receding;  yet  if  we  fix  our  attention  on  it  when  it  is  stntionary,  at  anv  itijtn*, 
appears  to  be  at  the  same  distance  at  one  time  as  at  another,  the  effect  being  rerj 
much  like  that  of  the  Phantasmagoria,  in  which  the  alteration  in  the  nxe  of  thvi 
images  on  the  screen  suggests  the  notion  of  their  approach  or  recesrioo,  althoa^lij 
W«  are  quite  sensihle  that  the  distance  of  the  screen  from  our  eyes  renuung 
stantly  the  same.  In  the  second  experiment,  on  the  other  hand,  the  p 
whose  perceived  magnitude  is  undergoing  diminution  or  enlargement  in 
quence  of  increase  or  Icsseninc  of  the  angle  of  conwrgencc,  does  not  appear) 
to  approach  or  recede,  and  yet,  when  allealively  regarded  in  different 
lions,  it  Is  fell  to  be  at  different  distances.  Hence,  as  Prof.  Wheatstonc  i 
ooovergcnce  of  the  optic  axes  suggests  fixed  distance  to  the  mind,  whilg 
tiona  of  retinal  magnitude  suggest  change  of  distance;  and,  however  _ 
it  may  seem,  **  we  may  perceive  an  object  approach  or  recede,  without 
to  change  its  distance,  and  an  object  to  be  at  &  different  distance  without 
ing  to  approach  or  recede.'" — A  like  alteration  in  apparent  siae  is  pr 
when  two  pairs  of  figures  (such  as  thrive  given  in  Fig.  172),  the  effect  of  one  of 
which  is  to  suggest  a  projecting,  and  that  of  the  other  a  receding  form,  are  Tie1r^d 
at  the  same  time  in  the  ordinary  Stereoscope.  For  it  will  be  observed  that  tb< 
relative  sixe  of  the  parts  which  appear  to  project  b  reduced,  whilst  that  of  tlw 
apparently-receding  parte  is  aognieated ;  as  is  particularly  the  case  with  theaqwc 
truncated  end  of  the  pyratnid,  which  is  estimated  by  most  peraoos  as  fron  tnt- 
third  to  one-half  larger  in  each  of  its  dinaensions  in  the  receding,  than  it  is  in  the 
projecting  pyramid,  notwithstanding  that  the  actual  sizes  of  the  squares  ia.ti« 
two  sets  of  figures  are  precisely  the  same.  For  supposing  n  I  (Fig.  173)  to  rep- 
reeent  the  real  side  of  one  of  the  smatl  squares,  which  becomes  the  truncated  eed 
of  the  pyramid  ;  when  this  is  brougfat^forward  by  the  mind  into  the  poeitioD  t.1^ 
as  the  truncated  top  of  a  projecting  pyramid,  being  seen  under  the  visual  tr^ 
n  A  T,  its  apparent  size  ia  reduced  to  F  0 ;  whilst,  on  the  other  hand,  the  retj 
same  square,  carried-back  by  the  mind  to  the  distance  D  E,  aa  when  it  fomif 
truncated  end  of  the  receding  pyramid,  is  Euentiilly  enlarged  to  the  dimensooi 
0,  the  vi^aal  angle  bag  being  the  same  as  n  A  i. 

767.  The  large  share  which  the  Mind  has,  in  the  interpretation  of  ercn 
vigual  impressions  as  seem  to  us  neceatarilj/  to  induce  particular  perceptimu,  il 
further  shown  by  a  very  remarkable  class  of  phenomena,  termed  by  Prof.  WheiU 
stone  (their  discoverer)  Convrrsiotu  of  Relief.  The  simplest  example  of 
class  is  presented  by  the  alteration  in  the  visual  product  of  the  same  Ste: 
pictures,  when  their  positions  are  transposed.  Thus  the  very  same  diafniHv 
which,  as  placed  in  the  upper  part  of  Fig.  172,  bring  before  the  mind's  ey«  tfc« 
f:onception  of  a  projecting  pyramid,  when  changed  to  the  position  which  thej  » 
cupy  in  the  lower  part  of  that  figure,  calt-up  the  image  of  a  receding  pynunid 
And  a  corresponding  effect  is  produced  by  the  reversal  of  any  other  pair  of  Su- 
reoscopic  pictures;  all  that  should  project  being  made  to  recede,  all  that  sbovM 
recede  betug  made  to  igiTnytxi,  provided  (he  converts  hat  any  meaning  which  tie 
Mind  can  readily  appreciate. — But  the  same  effects  may  be  produced,  if  tlM^ 
jects  themeelves  are  looked-at  by  an  instrument  devised  by  Prof.  Wheatstoac, 
and  termed  by  him  the  Pseudottcope;  the  optical  effect  of  which  is,  to  reverse  ti< 
ordinnry  visual  relations  between  the  near  and  distant  parts  of  an  object ;  the  I 
conditions  described  in  the  preceding  paragraph  being  combined  iuverselT, 
that,  as  an  object  or  part  of  an  object  is  nearer  the  eye,  its  larger  picture  on 
retina  is  accompanied  by  a  diminished  convergence  of  the  optic  axea.  Whea 
impression  of  a  seal  is  looked-at  with  this  instrument,  it  is  converted  into  thli*- 
prescntaticm  of  the  seal  itself;  or,  if  the  seal  be  lookcd-at,  it  preseota  t2ie%>n 

'  S«e  "Pbiloa.  Trknsact.,"  1B52,  pp.  2-5.  The  Author  thinks  it  well  t*  aild.  ttat  !• 
hu  himself  rerifieJ  th«  ahore  Tcrv  cnrious  results;  which  are  ecitrcelj  lesa  valiubltti^ 
tributions  to  the  i'li^^taiulogj  of  Binocular  Tlaiua,  thitn  diose  earlier  atlaiueJ  hj  tkt 
••Tuinent  cxporimcDUliit,  « 
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raised  to  relief,  aa  in  its  ordinary  imprcraion.     So,  tbe  inside  of  a  ctip  or  basia 
appears  as  a  solid  convex  bodj ;  whilst  the  outside  appears  depressed  and  concare. 
A  bust  regarded  in  front  becomes  a  deep  hollow  maek^  whilst  the  ioterior  of  the 
cast  of  a  face  presents  tbe  appearance  of  the  face  in  its  ordiaarj  relief.     A  china 
vase,  ornamented  with  coloured  flowers  in  relief,  seems  like  a  vertical  aeetioQ  of 
the  interior  of  such  a  vase,  with  hollow  impresaiona  of  the  flowers-     The  base  of 
a  brain  seems  concave,  tike  the  interior  of  the  base  of  the  cskull  which  is  its 
reflex;  and  the  latter  seonis  convex  and  projecting,  like  the  base  of  the  brain. — 
These  and  similar  appearances  are  not  always  immediately  perceived  ;  and  f<ome 
present  themselves  much  more  readily  than  others.     Those  converse  forma  which 
we  are  accutfometf  actually  to  see^  or  which  have  a  meaning  that  the  mind  can 
easily  apprehend,  are  those  which  are  most  readily  perceived.     Thus,  tbe  illusion 
which  miiy  be  produced  with  a  bust  or  with  the  cost  of  a  face,  is  not  easily  obtain- 
able even  by  a  lengthened  pseudoscopic  contemplation  of  the  real  face,  which  we 
can  scarcely  concciire-of  as  thus  'turned  inside-out.'     Another  very  interesting 
fact  is,  that  those  to  whom  the  illusion  docs  not  at  first  prci^ent  it^ielf,  usually  find 
it  tuddtnly  came  upon  them  after  a  little  time^  especially  if  they  should   havo 
directed  their  mirfds  to  the  imaginary  conception  of  the  object  under  it.*  changed 
aspect.     And,  further,  when  the  conversion  has  taken  place,  the  natural  aspect 
of  the  object  continues  to  intrude  itself,  sometimes  suddenly,  sometimes  gradu- 
ally, ami  for  a  longer  or  shorter  interval,  when  tbe  converse  will  again  succeed 
it.     This  is  due  to  the  involuntary  alternation  of  tbe  attention,  between  the  con- 
ception suggested  to  the  mind  by  the  visual  impressions  derived  from  both  eyes, 
and  that  which  is  derived   from  either  eye  singly  (§  592),  the  latter,  moreover, 
haroionising-with  and  being  strengtheucd-by  our  recollection  of  the  object  as  we 
have  seen  it  before,  or  (if  it  be  new  to  u.?)  by  our  notion  of  its  natural  appearance. 
768.  The  perMlence,  during  a  certain  intervalj  of  impreaians  niadt^  upfjit  the 
rfiina,  gives-fise  to  a  number  of  curioua  visual  phenomena,  which  can  be  here 
only  briefly  adverted-to.     The  prolongation  of  the  impression  will  be  governed, 
in  part,  by  its  previous  duration :  thus,  when  we  rapidly  move  an  ignited  point 
through  a  circle^  the  impression  itself  ig  momentary,  and  remains  but  for  a  short 
period;  whilst,  if  we  have  been  for  some  time  looking  at  a  window,  and  then 
'    (lose  our  eyes,  the  impression  of  the  dark  bars  traversing  the  illuminated  space 
ia  preserved  for  several  seconds.     One  of  the  results  of  this  persistence  is  the 
combination,  into  a  single  image,  of  two  or  more  objects  presented  to  the  eye  in 
saocessive  movements;  but  these  must  be  of  a  kind  which  can  be  united,  otfaer- 
wjee  a  confused  picture  ia  produced.     Thus  in  a  tittle  toy,  called  the  Tbauniatrope, 
which  was  introduced  some  years  ago,  the  two  objects  were  painted  on  the  oppo> 
site  sidt'S  of  a  card, — a  bird,  for  instance,  on  one, and  a  cage  on  the  other;  and, 
when  tbe  card  was  made  (by  twisting  a  pair  of  strings)  to  revolve  about  one  of 
its  diameters,  in  such  a  manner  aa  to  be  alternately  presenting  the  two  sides  to 
the  eye  at  minute  intervals,  the  two  pictures  were  blended,  the  bird  being  seen 
in  the  cage.     A  far  more  curious  illusion,  however,  was  that  first  brought  into 
Doticc   by  Prof  Faraday;  who  showed   lliut,  if  two  toothed  wheels,  placed  one 
behind  the  other,  be  made  to  revolve  with  equal  velocity,  a  stationary  spectrum 
will  be  seen ;  whilst  if  one  be  made  to  revolve  more  rapidly  than  the  other,  or 
tbe  number  of  teeth  be  different,  the  spectrum  also  will  revolve.     The  same 
takes-place  when  a  single  wheel  is  made  to  revolve  bt-fire  a  mirror,  the  wheel 
aod  its  image  answering  the  purpose  of  the  two  wheels  in  the  former  case.     On 
this  principle,  a  number  of  very  ingotiious  toys  have  been  constructed ;  in  some 
of  these,  the  same  figure  or  object  is  seen  in  a  variety  of  positions;  and   the 
successive  impressions,  passing  rapidly  before  the  eye,  give-riae  by  their  com  Id- 
nation  to  the  idea,  that  tbe  object  ia  itself  moving  through  these  positions.' — It 

*  A  rery  b«autifu]  'philosophicftl  toy'  waa  abown  to  the  Author  some  ytara  nnoe,  b;  Ud 
iDTentor,  Mr.  Robert?,  tbe  celcbrntnl  mncbinest  of  Mancbestcr;  consinling  in  an  itppamlun 
bj  wbicb  it  waa  made  {^ouiibte  to  read  wuriia  printed  oa  a  card,  alUiougb  tbe  card  itself 
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U  interesting  to  remark,  moreover,  that  when  the  eje  has  been  for  some  time 
contemplating  an  object  in  raotion,  and  is  then  directed  towards  stationary  iil>- 
jeots,  /A(r«e  appear  for  a  ehort  time  to  have  a  like  movement.  Any  nil-read 
traveller  may  try  this  simple  experiment,  by  first  looking  at  the  hodges,  kc., 
which  he  b  rapidly  passing,  and  then  at  some  part  of  the  interior  of  the  carmge 
it^lf,  especially  one  which  presents  a  series  of  parallel  liaes.  But  when  the 
impression  of  movetneot  has  been  of  longer  duration,  its  effects  are  less  transieot; 
thus,  a  person  who  has  been  for  some  time  on  board  ship,  sees  the  floors,  wilk, 
and  ceilings  of  his  apartmcnta  on  shore  in  a  state  of  continual  ap-and^-)«n 
motion,  even  for  some  days  after  he  has  landed.  This  would  seem  to  be  ntlier  t 
sensorial  than  a  retinal  phenomenon. 

769.  When  the  Retina  has  been  exposed  for  some  time  to  a  strong  impnnoi 
of  some  particular  kind,  it  seems  less  susceptible  of  feebler  impressiona  of  tlic 
same  kind.     Thus,  if  we  look  at  any  brightly  luminoas  object,  and  then  torn  oai 
eyes  on  a  sheet  of  white  paper,  we  shall  perceive  a  dark  spot  npon  it;  the  por- 
tion of  the  retina  which  had  been  affected  by  the  bright  image,  not  being  able 
to  receive  an  impression  from  the  fainter  rays  reflected  by  the  paper.     The  dark 
«:pectrum  does  not  at  once  disappear,  but  assumes  different  colours  in  succetoicm, 
— these  being  expressions  of  the  states  through  which  the  retina  is  paaung,  ia 
its  transition  to  the  natural  coudition.     If  the  eye  has  received  a  strong  impr^ 
sion  from  a  coloartj  object,  the  spectrum  exhibits  the  complementary  colour;' 
thus,  if  the  eye  be  flxcd  for  any  leogth  of  time  upon  a  bright  red  spot  on  t  white 
ground,  and  be  then  suddenly  turned  so  as  to  rest  upon  the  wliite  surfsce,  wt 
see  a  spectrum  of  a  green  colour. — The  same  explanation  applies  to  the  cunoos 
phenomenon  of  '  coloured  shadows.'     It  may  not  unfrequently  be  observed  it 
sunset,  that,  when  ibe  light  of  the  sun  acquires  a  bright  orange  colour  from  tk 
clouds  through  which  it  passes,  the  shadows  cast  by  it  have  a  blae  tint,     iigiifi, 
in  m  room  with  red  curtaina,  the  light  which  passes  through  these  prodaoes  gTNn 
shadows.     In  both  instances,  a  strong  impressiou  of  one  colour  is  mad^  on  tba 
general  surface  of  the  retina ;  and  at  any  particular  spots,  therefore,  at  which 
the  light  IS  colourless  but  very  faint,  that  colour  is  not  perceived,  its  complemest 
only  being  visible.     The  correctness  of  this  explanation  is  proved  by  the  tufl, 
that,  if  the  shadow  be  viewed  through  a  tube,  in  such  a  manner  that  the  coloured 
ground  is  excluded,  it  seems  like  an  ordinary  shadow.     It  b  not  unlikely  that, 
MS  Miilicr  suggests,  the  predominant  action  of  one  colour  on  the  retina  dtsturhi 
(as  it  were)  the  equilibrium  of  its  condition,  and  excites  in  it  a  tendency  to  t)ie 
development  of  a  state  corresponding  to  that  which  is  produced  by  the  impresuoa 
of  the  complementary  colour;  for  the  latter  is  perceived,  as   he  remarks,  evvt 
where  it  does  not  exist;  as  when  the  eye,  after  receiving  a  strong  impressios 
from  a  coloured  spot,  and  being  directed  upon  a  completely  dark  surface  or  iota 
a  dark  cavity,  still  perceives  the  spectrum.     This*cbange,  indeed,  extends  beyood 
the  spot  on  which  the  impression  is  made  (§  771);  for,  as  ia  well  knowit  to 
Artists,  the  sensory  impression  produced  by  any  colour  is  greatly  affected  hy 
neighbouring  hues.     Thus,  if  fuur  strips  of  coloured  paper,  or  any  other  fabric, 
A,  B,  0,  D, — two  of  them,  a,  b,  of  one  colour  (e.  g.  red),  and  the  other  two,  C,  D, 

was  made  to  reToWe  on  its  axis  even  40.000  titnea  in  a  minate.  The  principle  of  ittota- 
etructiuu  was  eimplj'  this,' — that  the  eye  caught  a  succession  of  glimpses  of  the  carl 
through  a  narrow  itlit  before  which  n,  disic  with  a  siogle  corresponding  pcrfonttioo  VM 
nnde  to  revolTc;  the  rate  of  moTemenl  of  this  diak  being  ho  adjusted  to  that  of  the  cm4. 
that  wheaevor  the  eje  caught  sight  of  the  latter,  it  waa  momentarily  in  the  same  pocitiea. 
8<>  that,  by  the  succession  of  trauHient  impreations  thus  made  upon  the  r«tuuk«  the  var^ 
printed  on  the  card  could  be  distitictlj  read> 

'  Bj  the  '  comp1e>me Diary'  colour  is  meant  that  which  would  be  required  to  mak*  •Wn 
or  colourless  tight,  when  mixed  with  the  original.  Ae  red,  blue,  and  jeUow  are  Ik* 
primary  or  elementary  colours,  red  is  the  complement  of  green  (which  is  oompoMd  of  jni- 
:cw  and  blue) ;  blue  i»  the  complement  of  orange  (red  and  jellow)  ;  and  jeUowof  pvpic 
'red  and  blue)  ;  and  vice  vereA  in  nil  inataacea. 
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^^moe  different  colour  (e.  g.  tlue), — be  laid  aide-by-eide  at  intervals  of  about 
^f  an  loch,  the  hues  of  tbo  two  central  strips  b,  c,  will  be  decidedly  modified 
»j  each  other's  proximity,  each  approximating  to  the  hue  of  the  complemeutary 

oolourof  the  other}  so  that  inst<:'ad  of 

A  B  CD 

red  red  bloe  blue 

we  shall  see 

A  B  CD 

red  orange-red        greenuh-blatt        blue. 

770.  Upon  the  properties  of  the  Eye  in  regard  to  Colour,  are  founded  the 

IW8  of  harmonious  colouring,  which  have  an  obvious  analogy  with  those  of 

"muBiea)  harmony.  All  complementary  colours  have  an  agreeable  effect,  when 
judiciously  disposed  io  combinattua ;  and  all  bright  colours,  which  arc  not  com- 
plementary, have  a  disagreeable  effect,  if  tliey  are  predominant:  this  is  especially 
the  case  in  regard  to  the  simple  colours,  strong  combinations  of  any  two  of  which, 
without  any  colour  that  is  complementary  to  either  of  them,  aro  extremely  offen- 
give.  Painters  who  are  ignorant  of  these  laws,  introduce  a  large  quantity  of  dull 
grey  into  their  pictures,  in  order  to  diminish  the  glaring  effects  which  they  would 
otherwise  produce ;  but  this  benefit  ia  obtained  by  a  sacrifice  of  the  vividness 
and  force,  which  may  be  secured  in  oomhination  with  the  richest  harmony,  by  a 
proper  attention  to  physiological  principles.' — Some  persons  whose  visual  powers 
are  excellent  in  every  other  respect,  are  more  or  less  deficient  in  the  power  of 
discriminating  colours.  This  defL'ct  (which  la  now  commonly  known  ajs  '  Dal- 
tonism,' from  the  name  of  the  distinguished  philosopher  who  was  himself  the 

^Aubject  of  it)  may  be  so  complete,  that  nothing  can  be  perceived  save  different 

iegrees  of  light  and  shadow;  more  commonly,  however,  it  exists  only  with  re- 

ird  to  particular  colours,  especially  such  as  hare  a  complementary  relation  to 

»ne  another,  so  that  persons  thus  affected  are  unable  {«■  y-)  to  distinguish  ripe 

'cherries  among  the  leaves  of  the  tree,  save  by  their  form;  whilst  in  some  indi- 
viduals it  does  no  more  than  confuse  colours  that  are  nearly  related,  such  aa  green 
and  blue,  e-opecially  when  they  are  seen  by  artificial  light.     Whether  its  seat  be 

^io  the  nervous  apparatus  of  the  Eye,  or  in  the  Sensorium,  cannot  be  positively 
determined ;  but  the  latter  seems  the  most  probable  supposition.' 

771-  The  impressions  made  by  luminous  objects  upon  the  Retina,  are  not  pre- 
cisely confined  to  the  spots  upon  which  their  rays  impinge,  bat  extend  themselves  to 
a  greater  or  less  distance  around;  which  phenomenon  has  been  termed  irradiafion. 
Thus  if  we  make  a  circular  white  spot  upon  a  black  ground,  and  a  black  spot  of 
precisely  the  same  dimensions  upon  a  white  ground,  the  former  will  seem  to  be 
oonsiderably  larger  than  the  latter;  apparently  because  the  excitation  of  the 
retina  by  the  luminous  impression  tends  to  spread  itself  in  each  case  over  the 
adjacent  non-excited  space.  Hence  it  is  that  we  are  able  to  distinguish  any 
■mall  magnitudes,  such  as  letters  or  the  lines  of  a  diagram,  at  a  much  greater 
distance,  when  they  are  marked  in  white  on  a  black  ground,  than  when  inscribed 
in  black  upon  a  white  ground.  Another  curious  case  of  the  same  kind  has  been 
noticed  by  Sir  D.  Brewster.*  "If  we  shut  one  eye,  and  direct  the  other  to  any 
fixed  point,  such  as  the  head  of  a  pin,  we  shall  see  indistinctly  all  other  objects 
withiil  the  sphere  of  vision.  Let  one  of  these  objects  thus  indistinctly  seen,  be 
a  strip  of  white  paper  or  a  pen  lying  on  a  green  cloth.  Then,  after  a  snort  time, 
the  strip  of  paper,  or  the  pen,  will  disappear  altogether^  as  if  it  were  entirely 

Tbie  subject  hag  be«D  most  cmrerull;  and  olaboratelj  ioTcsttgated  b;  M.  Chevreo] ; 
iwbose  recent  Treatise  on  Colours  has  almost  exhausted  the  enquiry*  into  tbe  miHle  in  which 
ftbe  Visuftl  sense  of  M&n  is  affected  by  them. 

*  See  especially  the  Memoir  of  Prof.  Seebeck,  in  '*  Pofrgendorf' t  Annalea,"  band  xUL 
(18<(7) ;  and  that  of  I'ror.  WartmoDQ  io  "Taylor's  Scientific  Memoirs,"  vol.  it.  p.  166. 

*  **  Ireatiae  on  0(>tlu,"  in  Larduer's  Cyclopicdia,  p.  2UC. 
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removed ;  the  impression  of  the  preen  cloth  apon  the  Burroundin^  pnrta  of  (h« 
retina^  extending  over  that  part  of  it  which  the  image  of  the  pen  occupied  Id 
a  short  time  the  vanished  image  trill  re-appear,  and  again  vanish  :  when  hoilt 
ejes  are  open,  the  very  same  effect  takes  place,  bat  not  so  readilj  u  viih  one 
eye.  If  the  object  seen  indistinctly  is  a  black  stripe  on  a  white  grotind,  it  will 
vanish  in  a  similar  manner.  When  the  object  seen  obliquely  is  lomiooos,  rach 
us  a  candle,  it  will  never  vanish  entirely,  unleu  its  light  is  much  weakened  Ir 
being  placed  at  a  great  distance;  but  it  swells  and  oontracte,  and  is  encirvlvd  Ij 
a  nebulous  halo." 

772.  The  power  of  receiving  and  traDsmitting  visual  impressions  is  by  oo 
mcnns  uniformly  diffused  over  the  entire  Retina.  In  the  whole  field  of  viaioo 
which  at  any  time  lies  before  us,  we  only  see  with  perfect  distiQctneaa  that  part 
to  which  the  axes  of  our  eyes  are  directed^  and  of  which  the  image,  therefore, 
la  formed  opon  the  'yellow  spot'  (§  755).  Nevertheless  we  have  a  sofficdeotlj 
dif>tinct  perception  of  the  remainder  of  the  field,  to  enable  us  to  judge  of  th« 
relations  of  the  objects  which  are  distinctly  seen,  to  those  which  rurroood  t^eo; 
and  the  mobility  of  our  eyes  enables  us,  under  the  guidance  of  our  visnal  kbk 
(§  546),  to  direct  the  mc«t  sensitive  spot  of  the  retina  to  every  part  of  the  field 
in  succession,  not  only  without  effort,  but  even  almost  without  the  coosdoancfB 
that  we  are  doing  so. — Gcoeratly  speaking,  the  indistinctness  of  vision  forobjeeli 
seen  out  of  the  axis  of  the  eye,  inereases-with  the  distance  of  their  images  b<m 
the  central  point;  or,  in  other  words,  the  impressibility  of  the  several  parts  o( 
the  retina  diminiehes,  according  to  their  distance  from  the  *  yellow  spoU'  But 
there  is  one  part  of  the  retinal  surface,  namely,  the  seat  of  entrance  of  the  Optic 
Nerve,  which  la  remarkable  for  its  imperfect  receptivity  j  as  is  shown  by  tbe  fjl- 
lowing  experiment.  Let  two  black  spots  he  made  upon  a  piece  of  paper,  aboot 
four  or  five  inches  apart;  then  let  the  left  eye  be  closed,  and  the  right  eye  be 
stroitgly  fixed  upon  the  left-hand  spot ;  if  the  paper  be  then  moved  backwtii 
and  furwurds,  m)  as  to  change  its  distance  from  the  eye,  a  point  will  be  fouod  at 
which  the  right-hand  spot  is  no  longer  visible,  though  it  is  clearly  seen  when  tb« 
paper  is  brought  nearer  or  removed  further.  Id  this  position  of  the  eye  %ni 
the  obj(;ct,  the  rays  from  tbe  right-hand  spot  cross  to  the  nasal  side  of  the  glob^. 
and  fall  upon  the  point  of  tbe  retina  which  has  just  been  mentioned.  If  ib<' 
same  experiment  be  tried  with  candles,  the  image  will  not  entirely  disappear,  but 
will  become  a  cloudy  mass  of  light.  It  is  not  correct  to  say,  aa  in  sometiivei 
done,  that'  the  retina  is  not  impressible  by  light  at  this  point ;  aince,  if  eodi 
were  the  case,  we  should  see  a  dark  spot  in  our  field  of  view  whenever  we  use 
only  one  eye,  which  is  not  tbe  case.  The  fact  seems  rather  to  be,  that  this  po^ 
tiou  of  the  retina  is  very  inferior  to  the  surrounding  parts  in  its  receptirity  for 
luminous  impressions ;  whilst,  on  the  other  hand,  there  is  an  unusual  tendeacT 
to  the  extension  of  their  condition  to  it  by  'irradiation'  (§  771);  so  that,  b  th* 
experiment  just  described,  if  the  black  spots  be  made  upon  a  coloured  groaa<l, 
this  colour  will  take  the  place  of  the  spot  which  disappears. 

773.  The  impression  made  by  raya  of  light  upon  the  Retina,  may  be  toa«r- 
tain  extent  imitated  by  other  physical  agencies  (§  731),  which  thus  give  rise  to 
various  subjeciwe  visual  pheDomena.  Advantage  has  recently  been  ta^en  by  Pr 
Serre,'  of  tbe  power  of  mechanical  pressure  to  produce  luminouB  Bpectiaf  fiirtbe 
investigation  of  the  '  law  of  visual  direction '  (§  759) ;  and  the  results  which  k* 
has  obtained  are  of  very  great  interest.  When  any  part  of  the  globe  of  the  ejt 
IS  compressed  (the  experimenter  being  in  a  complotely-darkeued  nx>m^,  a  loni- 
Dous  figure  is  seen  to  be  projected  in  the  direction  oppo-iite  to  the  spot  praiMd- 
apon.  Its  form  varies  according  to  that  of  the  compressing  body,  and  to  lhe<^ 
greo  in  which  the  retina  is  affected  by  it.  Thus  if  the  pressure  be  made  by  the 
point  of  tbe  fiuger,  or  by  any  other  circular  surface,  upon  a  part  of  the  globe' otcj 
(he  iaterior  of  which  the  retina  is  continuous,  the  spectrum,  or  pho9phine(uiiii 
'  See  his  "  Easai  sur  lea  Phosijlitnes,"  roris,  1853. 
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termed  bj  Dr.  Serre),  ia  also  circular ;   if  the  cnropressing  body,  on  tbe  otbcr 
band,  be  square  &t  ita  extremity,  the  '  pliospbiync'  ia  al^o  squuro;  uttd  if  it  be  tri< 
angular,  tbe  'phosph^ne'  ia  trian<rukr  too.      But  if  the  presisurc  bo  made  near 
tUt  auterior  edge  of  the  retiua  (whkh  is  what  most  commoiilv  tappens,  unless  the 
most  favourable  situation  be  de.signcdly  cbosen),  tbe  ti<rure  of  tbe  'phosph^ne'  is 
incomplete ;  and  the  degree  of  its  deficiency  corresponds  with  tbe  proportion  of 
the  area  of  compression  that  docs  not  lie-over  the  retinal  expansion.     Hence  there 
can  be  no  hesitation  in  regarding  the  production  of  this  spectrum  m  the  imme- 
diate result  of  the  affection  of  thesciisorium  by  the  pressure  ou  tbe  retina;  and  tis 
it  seems  to  our  perceptive  consciouBness  to  have  a  distinct  objective  existence, 
and  as  its  position  bcara  a  coostant  and  definite  relation  to  that  of  the  portion  of 
the  retioa  on  which  the  impressioa  is  made,  it  seems  obvious  that  any  such  affcc- 
tioQ  of  the  retioa  not  only  intuitively  suggests  to  our  uiinds  tbe  notion  of  an  ex- 
ternal objective  cause  of  tbe  impression,  hut  also  indicates  to  our  consciousness 
the  direction  of  the  object. — But  further,  besides  the  principnl  'phosph^ne,'  an- 
other, of  smaller  dimensions,  is  usually  to  be  seen,  in  a  direetiou  nearly  the  same 
a&  that  on  which  the  pressure  is  made;  this  ia  tbe  result  of  the  transmission  of 
tbe  pressure  to  the  oppotite  side  of  the  globe,  by  an  alteration  of  its  figure  and  of 
tbe  position  of  its  contents,  which  corresponds  to  the  fracture  uf  tbe  skull  by 
contre-coup.     The  form  of  this  smaller  or  secondary  *  phosph^ne '  is  not  affected 
by  the  cauiie  which  sometimea  renders  the  larger  or  primary  spectrum  incomplete; 
since,  as  we  cannot  anywhere  apply  pressure  to  the  living  Flumaa  eye,  save  on 
some  part  of  its  anterior  hemisphere,  the  'contre-coup'  will  always  take-place  at 
the  opposite  spot  ia  the  posterior  hemisphere,  over  which  the  retina  is  coniinunus, 
save  at  the  etitrauce  of  the  oplio  nerve.     By  an  extensive  scries  of  observations 
upon  the  reiiitiun  of  the  positions  of  the  primary  and  secondary  'phosph&nes,'  both 
to  each  other  and  to  the  seat  of  compression,  Dr.  Serre  baa  deduced  the  important 
conclusion,  that  the  lines  joining  tho  iurjuginary  spectra  and  the  spots  of  the  re- 
tina from  whose  affection  they  respectively  proceed,  pass  through  a  common 
'centre  of  direction/  whose  position  is  in  the  middle  of  the  crystalline  lens. 
And  hence  it  seems  to  he  a  legitimate  conclusion,  that  our  nense  of  the  relative 
directions  of  external  objecta  is  derived  from  a  kind  of  mental  projection  of  each 
point  of  the  retinal  image,  in  tbe  line  which  joins  it  to  this  *  centre  of  direction.' 
774.  Another  very  curious  subjective  phenomenon  of  Vision,  is  the  representa- 
tion which,  under  particular  circumstances,  we  may  mentally  obtain  of  tbe  retina 
itself;  as  in  the  following  experiment,  first  devised  by  Purkinje,.  and  known  by 
his  name.     '^  If  in  a  room  otherwise  dark,  a  lighted  oaodic  be  moved  to  and  fro, 
or  in  a  circle,  at  a  distance  of  six  inches  before  the  eyes,  we  perceive,  after  a 
short  time,  a  dark  arborescent  figure  ramifying  over  the  whole  field  of  vision  ;  tbiji 
appearance  is  produced  by  the  vasa  centralia  distributed  over  the  retina,  or  by  the 
parts  of  the  retina  covered  by  those  vessels.     There  arc,  properly  speaking,  two 
arborescent  figures,  the  trunks  of  which  are  not  coincident,  but  on  the  contrary 
arise  in  the  right  and  leH  divisions  of  the  field,  and  immediately  take  opp>osite 
directions.     One  trunk  belongs  to  each  eye,  but  their  branches  intersect  each 
'  other  in  the  common  field  of  vision.     The  explanation  of  this  phenomenon  ia  aa 
follows : — By  the  movement  of  the  candle  to  and  fro,  the  light  is  made  to  act  on 
the  whole  extent  of  the  retina,  and  all  the  parts  of  the  membrane  which  are  not 
immediately  covered  by  the  vasa  centralia  arc  feebly  illuminated;  those  parts,  ou 
the  contrary,  which  are  covered  with  those  vessels,  cannot  be  aotcd-on  by  the 
light,  and  are  perceived,  therefore,  as  dark  arborescent  figures.     These  figures 
appear  to  lie  before  the  eye,  and  to  be  suspended  in  the  field  of  vision.**'     We 
have  thus  another  demonstration  of  the  fact,  that,  in  ordinary  Vision,  the  imine- 
diate  object  of  our  sensation  is  a  oortain  conditioD  of  the  retina,  which  is  excited 
the  formation  of  a  luminous  image. 


by 


•  Muller*9  "ElemeoU  of  PhysJology  "  (Daly's  Translation),  p.  1163. 


44 


690        OF  THE   0BOAN8   OF   THE   BEN6E8   AND   THEIR    FDKCTIOSB. 

775.  The  Visual  power  Is  susceptible  of  extraordinary  improTement,  tbroogh 
the  habitual  direction  o(  out  atljcntion  to  the  effects  produced  upon  oarcoosdow- 
ne5s  by  the  ioipressiona  transmitted  to  the  Sengoriuin  from  the  Eye :  aod  Uua 
iniproremsDt,  m&j  take  place  either  in  regard  to  the  quickness  and  readiness  vith 
which  objects  gencrallj  are  perceived,  or  in  the  faculty  of  diacriminating  the 
slightest  differences  in  form,  shade,  colour,  &c.,  or  of  discerning  bodies  of  extreine 
iniDUtencss.  In  regard  to  all  these  points  it  innj  be  noticed,  that  the  hibilof 
attention  to  any  particular  class  of  object^",  sharpens  the  discriroinsting  power  for 
that  claj!S  aluiie;  and  that  it  is  u^iually  rather  the  mental  than  the  corporeal 
vi.sion  which  undergoes  improvement.  Thus  the  Seaman  who  makes-cut  th« 
*  loom  of  the  land  '  where  the  landsman  can  discern  nothing  but  an  iodefinite 
haze  above  the  horizon,  or  who  can  distinguish  the  size,  rig,  and  course  of  i 
vessel,  which  the  luDdstnan  can  but  see  as  a  formless  speck,  does  so  in  virtue  of 
the  aptitude  of  his  mind  for  receiving  suggestions  from  minute  indicatioos,  aadlt 
as  pass  unnoticed  by  those  who  have  not  been  acoQstonied  to  form  their  i<[ 
upon  the  eamu  kind  of  experieuces.  And  the  Mtcroecopist  who  is  constaniij  i 
the  outlook  for  the  various  forms  of  organic  structure  with  which  his  mindl 
familiar,  discerns  these  without  difficulty  or  hesitAtion,  where  an  ordinary  ob 
sees  nothing  but  a  confused  jumble  of  tit^sue. — It  is  interesting  to  obeMre  tint 
the  power  of  descrying  objects  at  vast  distances,  appears  to  be  hereditarily  p«- 
gessed  by  two  races  of  men,  the  Mongols  of  Northern  Asia,  and  the  Hottenuti 
of  Southern  Africa,  both  of  which  habitually  dwell  on  vast  plains,  that  seem  to 
stretch  without  limit  in  every  direction.  It  seems  probable  that  this  power  wai 
in  the  firnt  instance  acquired  by  habit  in  each  cose ;  and  that,  aa  frequently  hap- 
pens with  acquired  peculiarities,  which  are  kept-up  by  constant  use  in  sucoessire 
generatioDs/  it  haa  become  fixedly  hereditary. 

6. — Sense  of  Hearing. 

77G.  In  the  Ear,  as  in  the  Eye,  the  impressions  made  upon  the  sensory  nerre 
are  not  at  once  produced  by  the  body  which  originates  the  sensation  j  but  lli<y 
are  propagated  to  it,  through  a  medium  capable  of  transmitting  them.  We  ob- 
viously take  cognisance  by  the  miud,  therefore,  not  of  the  sonorous  object,  but 
of  the  condition  of  the  auditory  nerve ;  and  all  the  ideas  we  form  of  sounds,  w  to 
their  nature,  intensity,  direction,  &c.,  must  be  based  upon  the  changes  which  ihty 
produce  in  it.  The  cotnplex  contrivances  which  we  meet-with  in  the  organ  (rf 
Hearing  among  higher  animals,  are  evidently  intended  to  give  them  greater  power 
of  dtscriminating  sounds,  than  is  passessed  by  the  lower  tribes ;  in  which  last  it 
is  reduced  to  a  form  so  simple,  that  it  may  be  questioned  whether  they  can  be 
said  to  possess  an  organ  of  hearinff,  if  by  this  term  we  imply  anything  moretban 
the  mere  consciuusnesa  of  sonorous  vibrations. — There  is  a  considerable  differ- 
ence, however,  between  the  Eye  and  the  Ear,  in  regard  to  the  special  purpoiH 
for  which  they  are  respectively  adapted.  In  the  former,  we  have  seen  that  the 
whole  object  of  the  instrument  is  to  direct  the  rays  of  light  received  by  it,  in  such 
a  manner,  aa  to  occasion  them  to  fall  upon  the  expansion  of  the  optic  oerve  in 
similar  relative  positions,  and  with  correspoodiug  proportional  intensities,  to  thote 
which  they  possessed  when  issuing  from  the  object.  We  have  no  reason  to  believe 
anything  of  this  kind  to  be  the  purpose  of  the  Ear;  indeed  it  would  be  inconsistent 
with  the  laws  of  the  propagation  of  sound.  Sonorous  vibrations  having  the  most 
variou-s  directions,  and  the  moat  unequal  rates  of  succession,  are  transmitted  by 
all  media  without  modification,  however  numerous  their  liues  of  interaeotioD; 
and  wherever  these  undulations  fall  upon  the  auditory  nerve,  they  most  cnm 
the  sensation  of  corresponding  Bounds,  Still  it  is  probable  that  eotue  portions  of 
the  complex  organ  of  hearing,  in  Man  and  in  the  higher  animala,  ai«  man 
adapted  than  others  to  receive  impressions  of  a  particular  character ;  and  that 
'  See  "  Prino.  of  Comp.  Physiol.,"  Am.  Ed.,  |  620. 
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thus  we  may  he  eepeoially  infonned  of  the  direction  of  a  sound  by  one  part  of 
the  organ,  of  ita  musical  tone  by  acotlier,  aud  of  some  other  of  its  qualities  by  a 
third. 

777.  The  eflscntial  part  of  an  Organ  of  Hearing  is  obviously  a  nerve,  endowed 
with  the  peculiar  property  of  receiving  sonorous  undulations,  and  of  traoBmilting 
their  effects  to  the  Sensoriutu.  This  iierve  is  spread-out  over  the  surface  of  a 
delicate  membrane  which  linrs  the  Veetibule  and  ita  prolongations ;  and  this 
membrane  encloses  a  fluid,  which  is  the  medium  whereby  the  suuoroua  vibraticma 
received  through  the  external  ear,  are  communicated  to  the  nerve.  We  learn 
from  an  eiaraination  of  the  comparative  structure  of  the  auditory  apparatus  in  the 
lower  animals,  and  from  the  study  of  its  development  in  the  higber,  that  the  part 
which,  being  most  constantly  present  and  beiug  also  the  earliest  in  its  develop- 
meut,  may  be  considered  as  the  most  csscntiul,  is  the  simple  Vexiibular  cavity ; 
which  exists  where  there  are  no  vestiges  either  of  Semicircular  Canals,  of  Coch- 
lea, or  of  Tympanic  appumtus.  Such  a  condition  presents  itself  in  some  of  the 
higher  Invertebrata  aad  in  the  lowest  Fishes ;  but  as  we  ascend  the  Vcrtcbrated 
series,  we  find  the  semicircular  canals  growing  out  (aa  it  were)  of  the  Vestibule 
10  Fishes,  a  tympanic  apparatus  superadded  in  Reptiles,  and  a  Cochlea  first  ao- 
qniring  a  more  than  rudimentary  development  in  the  class  of  Birds,  although 
only  presenting  in  ^[ammalia  that  ebaractcristic  form  fromi  which  it  derives  itA 
name.'  Of  the  mode  in  which  the  ultimate  subdivisions  of  tho  Auditory  nerve 
are  distributed  upon  the  lining  membrane  of  the  labyrinth,  it  does  not  yet  aeem 
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nvntral  view  of  the  external,  middle,  and  internftl  E&r,  as  teen  in  a  prepared  section  through 
a,  the  auditorj  canal,  b.  The  tjrinpaDiim  or  middle  ear.  c.  EnKLacbian  tube,  leadinf;  to  the 
pharynx,  d.  Cochlea;  and  e.  Semicircular  canals  and  vertibule,  aeen  on  their  exterior,  as 
hrongbt  into  view  by  dissecting  away  the  surrounding  petrous  bone.  The  styluid  process 
projects  below ;  and  the  inner  surface  of  the  carotid  canal  is  seen  abore  the  Eustachian  tube. 
From  Scarpa.] 

possible  to  give  a  certain  account  j  for  although  Wapn^er  and  others  have  repre- 
sented them  as  terminating  in  free  loops,  yet  more  careful  observation  has  ren- 
dered this  doubtful  J  and  tho  general  atialogy  between  the  simpler  forms  of  the 
auditory  and  of  the  visual  apparatus,  as  well  as  the  close  correspondence  which 

'  For  a  more  detailed  Bketch  of  the  ComparmtlTe  Anatomy  of  the  Organ  of  Hearing,  ler 
the  Aolhor'a  '*Pnnci|ilea  of  CompiirntiTe  rbyaiologj',"  Am.  Ed.,  H  7li-7H 
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A  digblj  Tnmgnlfied  view  of  »  Fmftll  piece  of  the  L»mioi  Spiniia,  ghowinK  tbe  muinar 
which  tbi<  ncrreg  le»re  their  Neurilenitn*  kr  Ihty  inaAtomoBe ;  the  nttorml  tiie  of  the  piece  it^ 
teen  on  the  litie  of  the  fixture  :  I,  |>orliuD  of  the  nnditory  nerre  ;  2,  2,  OHeoui  canaU  in  the 
lODa  osara  of  the  iKiuioa  apirHlis;  3,  3,  ana; (oinoHes  in  the  xonii  mollte:  4,  4,  the  Deurilenu&t 
loaviag  the  oeryoiis  kiops,  and  intertncking  to  form  the  layer  of  the  sona  mcmbr&okcea.] 

exista  between  them  in  the  history  of  their  development  (the  organ  of  heoriDg, 
like  ibe  eje,  being  budded-off  from  its  sensory  panglion,  §  911),  seem  to  indicnte 


that  the  peripheral  expansion  of  the  »udi- 
tory  vterve  might  be  expected  to  have  a 
structure  analogous  to  that  of  the  retina. 
The  most  exact  observations  yet  wade  oo 
this  point,  seem  to  be  those  of  the  Mar- 
quis Corti '  on  the  Cochlear  nerve;  but 
the  nature  of  the  different  parts  which  "be 
describes,  is  far  from  being  clearly  appa- 
rent. This  nerve  passes-out  from  the 
modtoltu  into  a  seriei  of  aaastomosing 
canals  excavated  in  the  osseoas  lamina 
tpjralit ;  and  it  there  comes  into  relation 
with  a  band  of  vesicular  substance,  which 
lies  near  the  edge  of  the  lamina  along  its 
whole  length.  The  component  vesicles 
aro  elongated,  having  a  central  and  a 
peripheral  extremity;  by  the  former  they 
are  connected  with  the  fibres  of  the  coch- 
lear nerve,  the  connecting  filaments  being 
destitute  (as  elsewhere)  of  the  double  con- 
tour, and  being  very  fragile;  and  by  the 
latter  they  are  similarly  connected  with 
the  fibres  which  issue-forth  fr^va  the  f<* 

Tympnnic.urr.oeofap^rtiono'ftbe^IamiDa''^*'^*,  '*°*'°"'   ^^    ^   distributed    Upon  \\B 

ipimiiaorthecat.  a.  Torttijtiiuioijoftbecoch- '"s^bronoufl  continuation.  These  fibres 
U«r  nerve*  at  thfl  border  of  the  oMwjua  .one,  form  fosciculi,  which  traverse  the  mem- 

eT:izr:f"trrrr^rl^":-t:Mr^---  '!»^"  -"'y  p*-'i-i  to  each 

ginnl  capiiwy  on  the  tympanic  eurfaee.  d,  Other,  and  anastoraosc  continually. '^'^ 
Pi'ciinau?  portion  t.f  the  membranoin  lotio.  one  another,  in  such  a  manner  as  toai 

^,re»l,o«  its  mode  of  tearing.  «.  OotJr  clear  ^  »  appearance   of   looped  terroJL^ 

belt  of  membranous  tone,  torn  from  the  cfioh-  ^'O""-      According   to   Corti,    however^  tbf 

learis  muscle.  Magnified  300  dia.mcter)i,]  fibres  really  pass-on  further,  losing  tbeff 
Iftftf^LnH  --^Tl'  i''  *^?"'^'"■  *"''  ^i<'*'«Td'8  "Zeiti-chrift  fur  wiaienschaftLche  Zoologie/ 
tod  hi^n  "nt  J  V  r  "'  *  '1.  ^^^'l'""'"  ••  Mikroskopiscbe  An.tomie."  band  ii.  it- 
tad  bu     Handbook  of  Human  Hk-tology"  (Sj-den.  Soc  £dit.),  voL  ii.  p.  407-418. 
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(double  contour,  and  becoming  gradually  incorporated,  as  it  were,  witb  the  sur- 
rounding tissue' 

778.  In  order  to  gain  any  definite  idea  of  tbe  uses  of  different  parts  of  the 
Ear,  it  is  necessary  to  bear  in  mlud  that  sounds  may  be  propagalcd  amongst  solid 
or  fluid  bodies  in  three  ways;  by  rect'procation,  by  resonance,  and  by  condudion. 
— 1.  Vibrations  of  renprofation  are  excited  in  a  sounding  body,  when  it  is  capa- 
ble of  yielding  a  musical  tone  of  definite  pitch,  and  another  body  of  the  same 
pitch  is  made  to  sound  near  it.  Thus  if  two  strings  of  tbe  same  length  and  ten- 
sion be  placed  alongside  of  each  other,  and  one  of  them  be  sounded  with  a  violin- 
bow,  the  other  will  be  thrown  into  reciprocal  vibration;  or  if  the  same  tone  be 
produced  near  tbe  string  in  any  other  manner,  as  by  a  flute  or  a  tuning-fork,  the 
same  effect  will  result. — 2.  Vibrations  of  resnnance  are  of  somewhat  the  same 
character;  but  they  occur  when  a  sounding  body  is  placed  in  connection  witb  any 
other,  of  which  one  or  more  porta  may  be  thrown  into  reciprocal  vibration,  even 
though  the  tone  of  the  whole  be  different,  or  it  bo  not  capable  of  producing  a  defi- 
nite lone  at  all.  This  is  the  case,  for  example,  when  a  tuning-fork  in  vibration 
\&  placed  upon  a  sound-botird;  for  even  though  the  whole  board  have  no  definite 
fundamental  note,*  it  will  divide  itself  into  a  number  of  parts,  which  will  recipro- 
cate the  original  sound,  so  as  greatly  to  increase  its  intensity;  and  the  same 
souud-bonrd  will  act  equally  well  for  tuning-forks  of  several  different  degrees  of 
pitch.  When  a  smaller  bfwly  is  used  for  resonanoe,  however,  it  is  essential  that 
there  should  be  a  relation  between  its  fundamental  note  and  that  of  the  sonorous 
body;  otherwise  no  distinct  resonance  is  produced.  Thus,  if  a  tuning-fork  in 
vibration  be  held  over  a  column  of  air  in  a  tube,  of  such  a  length  that  the  same 
note  would  be  given  by  its  vibration,  its  sound  will  be  reciprocated.  And  if  it 
be  held  over  a  pipe,  the  column  of  air  in  which  is  a  multiple  of  this,  the  column 
•will  divide  itself  into  that  number  of  shorter  parts,  each  of  which  will  reciprocate 
the  original  sounds  and  the  total  action  will  be  one  of  resonance.  But  if  the 
length  of  the  pipe  bear  no  such  correspondence  with  the  note  sounded  by  the 
tuntng-furk,  no  resonance  ia  given  by  the  column  of  air  it  contains. — 3.  Vibra- 
tions of  conihudon  are  tbe  only  ones,  by  which  sounds  can  strictly  be  said  to  be 
propagated.  These  are  distinguishable  into  various  kinds,  into  which  it  is  not 
requisite  here  to  inquire.  It  should  be  remarked,  however,  that  all  media,  fluid, 
liquid,  or  solid,  are  capable  of  transmitting  sound  in  thia  manner;  a  vacuum 
being  the  only  space  through  which  it  cannot  pass.  The  transmission  is  usually 
DQUch  more  rapid  through  solid  bodies,  than  through  liquid;  and  through  liquid, 
than  through  gaseous.  The  greatest  diminution  iu  the  intensity  of  sound  is  usu- 
ally perceived,  when  a  change  takes-pluce  in  the  medium  through  which  it  is.  pro 
pagated,  especially  from  the  aeriftDrm  to  tbe  liquid. 

779.  The  detailed  application  of  these  principles  has  been  most  elaborately 
Tvorked-out  by  Prof.  Miilter;  and  the  following  statement  of  what  may  be  regarded 
as  the  present  condition  of  our  knowledge  of  the  subject,  is  litrlo  mure  than  an 
abstract  of  the  results  of  bis  experimental  investigationa ;  of  which  the  first  series 

'  Saob,  alio,  is  the  acconDt  of  their  termination  given  bj  Measra.  Todd  and  Bowman, 
•*  Ph jaiologic*!  Anatomy,"  p.  457.  Am.  Ed. 

*  The  fundamental  noit  of  n  sonorous  body  is  the  lowest  tone  which  it  yields,  when  the 
whole  of  it  is  io  vibratioa  to^etber.  Hy  dividing  the  body  into  two  or  more  distinct  parts, 
it  mny  be  made  to  give  a  gr«nC  raricty  of  sounda.  Thus,  if  a  stretched  strtog  be  dinded 
by  a  bridge  into  two  e>|aftl  parts,  each  w'lU  sound  the  8th  note  or  octave  above  the  funda- 
mental note.  If  it  be  divided  into  three  parts,  each  will  give  the  12th  above  the  funda- 
mental note;  if  into  four,  the  16th  or  double  octave  will  be  heard;  if  into  five,  the  17th; 
if  into  nix,  the  It^th;  if  fnto  seven,  the  20^th  (flat  seventh  above  the  second  octave):  if 
into  eight,  tbe  22nd  or  triple  octave.  A  string  forcibly  set  in  vibration  has  a  tendency  to 
sound  these  harmonies  with  the  fUndaaieDtal  note,  by  spontaneous  division  into  several 
distinct  segments  of  vibration  ;  as  may  be  easily  made  evidt-nt,  by  striking  one  of  the  lower 
keys  of  the  piano,  and  listening  to  the  sounds  beard  whilst  the  fuadamental  note  is  dying 
away. 
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beam  specially  od  the  case  of  those  animal?,  which,  living  immersed  in  WBter^ 
receive  the  sonorous  undulalinns  through  that  medium.  The  lobyrinth  of  such 
aa  po9se,H8  a  distinct  organ  of  beariDg,  ts  either  entirely  enclosed  within  the  bones 
of  the  head,  as  in  the  Cephalopoda,  and  in  the  Cyclostorae  and  Osseous  Fishes; 
or,  ita  cavity  being  prolonged  to  the  surface  of  the  body,  it  is  there  brought  info 
oommunicotion  with  the  conducting  medium  by  means  of  a  membrane,  beindcfl 
receiving  the  vibrations  through  the  mediura  of  the  solids  of  the  body,  aa  is  the 
case  in  Cartilaginous  Fif*hes  and  Crustacea : — i.  Sonorous  vibrations,  excited  ia 
water,  are  imparted  with  considerable  intensity  to  solid  bodies. — II.  Sonorous 
vibrations  of  solid  bodies  ore  communicftted  with  greater  intensity  to  other  solid 
bodies  brought  in  contact  with  them,  than  to  water;  but  with  much  greater  inten- 
sity to  water,  than  to  atmospheric  air. —  m.  Sonorou^i  vibrations  are  communi- 
cated  from  air  to  water  with  great  difficulty,  this  difficulty  very  much  exceeding 
that  with  which  they  are  propagated  from  one  part  of  the  air  to  another;  hut 
their  transition  from  air  to  water  is  much  facilitated  by  the  intervention  of  » 
membrane  extended  between  them. — iv.  Sonorous  vibrations  are  not  only  im- 
parted from  water  to  solid  bodies  with  definite  surfaces  which  are  in  contact  with 
the  water,  but  are  also  returned  with  incrca.sed  intensity  by  these  bodies  to  the 
water ;  so  that  the  sound  ia  heard  loudly  in  the  vicinity  of  those  bodies,  in  situ- 
ations where,  if  it  had  its  origin  in  the  conducting  power  of  the  water  alone,  it 
would  be  faint. — v.  Sonorous  undulations,  propagated  through  water,  are  partially 
reflected  by  the  surfaces  of  solid  bodies. — VT.  Thin  membranes  conduct  sound  ia 
water  without  any  loss  of  its  intensity,  whether  they  be  tense  or  lax. — vn.  When 
sonorous  vibrations  are  communicated  from  water,  to  air  inclosed  in  membranes 
or  solid  bodies,  a  considerable  increase  in  the  intensity  of  the  sound  is  produced, 
by  the  resonance  of  the  air  t4iua  circumscribed. — viir.  A  body  of  air  inclosed  ia 
a  membrane,  and  surrounded  by  water,  also  increases  the  intensity  of  the  sound 
by  resonance,  when  the  soDorous  unduktioDS  are  communicated  to  it  by  a  solid 
body. 

780.  Animals  living  in  air  are  nearly  always  provided  with  on  opening  into  the 
Vestibule,  the  fenestra  ovah's,  covered  by  a  thin  membrane;  and  generally  with  a 
Tympanic  apparatus  a]»o.  The  following  experimental  results. bear  upon  the 
manner  in  which  the  Ear  of  such  animals  is  affected  by  sound: — ix.  Sonorous 
undulations^  in  passing  from  air  directly  into  water,  suffer  a  considerable  diminu- 
tiou  in  their  strength ;  while,  on  the  contrary,  if  a  tense  membrane  exist  between 
the  air  and  the  water,  the  sonorous  undulations  are  communicated  from  the  for- 
mer to  the  latter  medium  with  great  intensity. — x.  The  sonorous  vibrations  are 
also  oommunicftted,  without  any  perceptible  ta«:s  of  iDtcTii«)ty,  from  the  air  to  the 
water;  when,  to  the  membrane  forming  the  medium  of  communication,  there  is 
attached  a  short  solid  body,  wliich  occupies  the  greater  part  of  its  surface,  and  ia 
alone  in  contact  with  the  water. — xi.  A  small  solid  body,  fixed  in  an  opening 
by  means  of  a  border  of  membrane,  so  as  to  be  moveable,  communicates  sonorous 
vibrations,  from  air  on  one  side,  to  water  or  the  fluid  of  the  labyrinth  on  the 
other,  much  bettor  than  solid  media  not  so  constructed.  But  the  propagation  of 
souud  to  the  fluid  is  rendered  much  more  perfect,  if  the  solid  conductor,  thua 
occupying  the  opening,  is  by  its  other  end  fixed  to  the  middle  of  the  tense  mem- 
brane, wliich  has  atmospheric  air  on  both  sides. — The  fact  stated  in  ix.  is  evi- 
dently one  of  great  importance  in  the  physiology  of  hearing;  and  fully  explaini^ 
the  nature  of  the  process  in  those  animals,  which  receive  the  sonorous  vibrations 
through  air,  but  which  have  no  tympanic  apparatus.  In  X.  we  have  the  eluci- 
dation of  the  action  of  the  fenestra  ovalis,  and  of  the  moveable  plate  of  the  stapesj 
which  occupies  it,  in  animals  Jiving  in  air  but  destitute  of  tympanic  apparatus;* 
this  is  naturally  the  case  in  many  Amphibia ;  and  it  may  happen  as  the  result  of 
disease  in  the  Iluman  subject.  In  XI.  we  have  a  very  interesting  demonstration 
i»f  the  purpose  and  action  of  the  tympanum,  in  the  more  perfect  forms  of  the 
auditory  apparatus. — We  are  now  prepared  to  inquire,  in  somewhat  more  of  d<- 
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M(>[nbrBna  tyispani  (tori  the  outer  (A)  *nd 
froin  the  inner  (b)  (ides:  I.  Membrana  lyiii> 
pani.     2.  Malloue.    3.  SUpea.    4    locus.] 


into  the  actions  of  ihe  differeut  parts  of  thia  apparatus;  and  it  will  be  better 
to  commence  with  those  of  the  MUidfe  aud  Internal  Ear^  the  accessory  organs 
being  afterwards  considered. 

781.  The  Memhrana  Timpani  consists  of  three  layers;  an  external  one  con- 
tinuous with  the  cutis  of  the  external  meatus,  and  consisting  of  dermoid  tissue 
with  u  covering  of  epidermic  cells;  dd  tjittrnal,  which  is  extremely  thin,  continu- 
ous in  like  tuaoner  with  the  mucous  membrane  lining  the  tympauic  cavity,  and 
also  composed  of  dermoid  tissue  and  epithelium ;  and  a  mifhffe  layer,  which,  ac- 
cording to  Mr.  Toyuhee,'  may  be  separated  into  two  dit^tinct  laminae,  whose  fibres 
run  in  contrary  directions,  thoae  of  the  external  layer  (which  is  the  stronger  of 
the  two)  radiatiny  from  the  malleus  towards  the  peripheral  ring  to  wliich  they 
are  attached,  whilst  those  of  the  internal 
are  annufur.  The  fibres  of  which  these 
laminaj  are  composed,  do  not  appear  to 
be  muscular;  nor  do  they  present  the  lon- 
gitudinal parallel  wavy  lines  characteris- 
tic of  ordinary  fibrous  metuhranes;  and 
ihey  are  rendered  opiique  by  acetic  actd> 
Hence,  although  those  taminec  appear  to 
be  derived,  the  czternu]  from  the  perios- 
leum  of  the  meatus^  and  the  internal 
from  that  of  the  tynipanie  cavity,  ihey 
differ  from  it  in  elementary  structure, 
and  seem  to  have  more  in  common  with 
the  elastic  tissue.     Mr.  Toynbee  points 

oat  the  existence  of  a  tubular  ligament,  enclosing  the  tendon  of  the  tensor  tyni- 
pani  muscle;  and  considers  that  the  membrane  is  maintained  by  this  ligament  in 
a  state  of  moderate  tension,  the  assistance  of  the  muscle  being  only  required  to 
augment  this. — Thi;  function  of  the  Altmbrana  Ti^mpani  seems  obviously  to  be 
the  reception  of  souornus  undulations  from  the  air,  in  such  a  manner  that  it  may 
be  thrown  by  tbt.'tu  into  a  reciprocal  vibration,  which  is  communtcated  to  the 
chain  of  bones.  In  its  usual  state,  this  mcmbrune  is  scarcely  on  the  stretch  ;  and 
this  is  fouud  by  experiment  to  be,  for  a  f<maU  membrane,  the  best  condition  for 
the  propagation  of  ordinary  undulations.  This  is  easily  rendered  sensible  in 
one's  own  person ;  ftir  au  increased  tension  may  be  given  to  the  membrana  tyin- 
pani,  either  by  holding  the  breath  and  forcing  air  into  the  Eustachian  tube,  so 
as  to  distend  it  from  within,  or  by  exhausting  the  cavity,  so  as  to  cause  the  ex- 
ternal air  to  make  increased  pressure  upon  it ;  and  in  cither  case,  the  hearing  is 
itnroediately  found  to  become  indistinct.  It  is  observed,  however,  that  grave  and 
acute  sounds  are  not  equally  aSected  by  this  action;  for  the  experimenter  renders 
himself  deaf  to  grave  tiouuds,  whilst  acute  sounds  are  heard  even  more  distinctly 
than  before.  This  fact  is  readily  understood,  by  referring  to  the  laws  of  Acous- 
tica  already  mentioned.  The  greater  the  tension  to  which  the  membrana  tym- 
pani  is  snbjeot'cd,  the  more  acute  will  be  its  fundamental  tone;  and  as  no  proper 
reciprocation  can  take-pluce  in  it,  to  any  sound  Icncer  than  its  fundamental  tone, 
ita  power  of  repeating  perfectly  the  vibrations  proper  to  the  deeper  notes  will 
diminish.  The  nearer  a  sound  approaches  to  the  fundamental  note  proper  to  the 
cenae  membrane,  the  more  dLstinctly  wtll  it  be  heard.  On  the  other  hand,  when 
the  membrane  is  in  its  naturally  ■relaxed  condition,  its  fundamental  note  is  very 
low,  and  it  is  capable  of  repeating  a  much  greater  variety  of  sounds;  for,  when  it 
receives  undnlations  of  a  higher  tone  than  those  to  which  the  whole  membrane 
would  reciprocate^  it  divides  itself  into  distinct  segmentA  of  vibration,  which  are 
separated  by  hues  of  rest;  and  every  one  of  theae  reciprocates  the  sound,'  at  the 

■  *'  Pbilosopbioal  Tr&nsao lions,"  1851. 

*  This  ie  T«ry  eiisil;  proved  by  experiment  on  a  merobrtine  atrelched  over  a  rMonaat 
cavity:  for  if  light  sand  be  strewed  upon  it,  and  a  strong  musical  tone  be  produced  In  itH 
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same  time  rendering  it  more  intense  by  roultiplication  (§  778).  These  fact«  en- 
able ua  to  understand  the  influence  of  the  tnigor  tympani  musde,  in  aupmentinp 
the  tension  of  the  membrane,  and  thus  eoabling  it  to  vibrate  in  reciprocation  to 
Bounds  baving  a  great  variety  of  fundamental  notes.  It  appears  to  be  antagonixe<) 
by  the  ttapediui,  the  contraction  of  which  seems  to  diminish  the  tension  of  the 
membrana  tympani,  and  to  take-off  pressure  from  the  fluid  of  the  liibynDth. 
Theae  two  muscles  conjointly  may  be  considered  to  regulate  the  traosmisMon  of 
sonorous  undulatinns  to  the  fluid  of  the  internal  sac,  preventing  it  from  being  too 
violently  affected  by  loud  sounds,  in  the  same  manner  that  th&  iris  regalates  the 
admission  of  lif^ht  to  the  eye  (§  757);  and  the  analogy  extends  also  to  their  ner- 
votis  supply,  the  stapediaa  being  excited  to  action  by  a  branch  of  the  Facial, 
vhilst  the  tensor  tympani  receives  its  nerves  from  the  Otic  ganglion  (§  825).' 
They  are  probably  pat  into  conjoint  action  when  we  are  lutening  for  faint  sounds, 
so  as  Xo  brtiip  the  tympanum  into  the  state  of  tension  best  adapted  to  reciproate 
them ;  whilst  by  a  like  preparation,  the  concussive  effects  of  a  loud  sound  that  i^ 
anticipated^  are  more  effectually  modfrated  than  when  it  strikes  the  ear  without 
warning.  It  is  probably  owing  to  an  imperfect  action  of  these  muscles,  that  some 
persons  are  deaf  to  grave  sounds,  whilst  they  readily  hear  the  more  acute. 

782.  The  uses  of  the  Tympanic  Cavity  are  very  obvious.  One  of  ita  porposes 
is  to  render  the  vibrations  of  the  membrsne  quite 
free ;  and  the  other,  to  isolate  the  chain  of  bones, 
in  such  a  manner  as  to  prevent  their  vibntions 
from  being  weakened  by  diffusion  through  the  sur- 
rounding solid  ports.  As  to  the  objects  of  the 
Eustachian  Tube,  opinions  have  been  much  divid«?>l. 
Many  of  these  opinions,  however, — such  ae  the  ou« 
most  commonly  entertaiaed,  that  it  serves  the  same 
purpose  as  the  hole  in  an  ordinary  drum,  removing 
an  impediment  to  the  free  vibration  of  the  mem- 
brane, that  would  be  offered  by  the  complete  in- 
closurc  of  the  air  within, — are  at  once  negatived  bj 
the  fact,  which  seems  to  have  been  demonstrnted 
by  Mr.  Toynbee,  that  the  guttural  orifice  of  the  tuba 
is  u.iually  cfjisnf,  being  only  opened  during  the  act 
of  swallowing.'  The  principal  object  of  the  Eusta- 
chian tube  (which  is  always  found  where  there  is  a 
tj'mpanic  cavity)  seems  to  be,  the  maintenance  of 
equilibrium  between  the  air  within  the  tympaDnm 
and  the  external  air;  so  as  to  prevent  inordinste 
tension  of  the  membrana  tympani,  which  would  be 
produced  by  too  great  or  too  little  pressure  on  either 
side,  nod  the  effect  of  which  would  be  imperfection 
of  hearing.  It  also  has  the  office  of  conveyine-away 
mucus  secreted  in  the  cavity  of  the  tympanum,  by 
means  of  the  vibratile  cilia  which  clothe  \ts  lining 
membrane ;  and  the  deafness  consequent  on  occto- 
sion  of  this  tube,  is  in  part  explicable  by  the  to* 

cumulation  which  then  takes-place  in  the  cavity. 

783.  From  what  has  been  stated,  it  is  evident  that  sonorous  uoduIationB  hi  the 
ricinity,  tlie  roeinbrane  will  initneilmtely  be  set  in  vibration,  not  u  a  whole  (imlpu  its  fun- 
damentiil  note  be  in  unison  iritb  that  souoiied),  but  in  different  sefni^ente.  of  which  trrrj 
one  rcciprocatea  the  sound;  from  the  vibrnling  parts,  the  sand  irilJ  be  violenilj  tliroTre- 
off ;  put  it  will  settle  on  tbe  intermediate  lines  of  rest,  which  are  known  u  the  nodal  lioei, 
lorming  a  Tsriety  of  curious  figured. 

'  See  Mr.  C.  Brooke  in  "Lancet,"  1843.  p.  330;  and  Mr.  Toynboe  in  "Brit,  and  For. 
Med.-Chir.  Rev.,"  vol.  ai.  p.  236. 
*  Loc  cit,  and  "  I'roce«diQgs  of  Royal  Soeiet//'  1862L 
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Oiilolci  of  the  left  ear  artlcB'- 
lated,  and  leen  from  the  ont«ide 
»nd  below,  m.  Head  of  the  mal- 
leai,  below  which  is  tbe  eonitrio- 
tion,  or  nock.  g.  Processua  gra- 
cilis, or  long  proeei>ii,  at  the  root 
of  which  it  the  short  process,  k, 
Idanubriam,  or  handle,  tc.  Bbort 
eras ;  and  Ic,  Iodj;  eras  of  the 
inoni.  The  body  of  this  bone  is 
seen  articulating  with  tbe  malleus, 
and  its  long  crus,  through  the 
nicdinm  or  the  orbicular  procesn, 
here  partly  concealed,  <t,  with  the 
si  Apes.  t.  base  of  the  stapes. 
MiigniQed  three  diameters.  From 
Arnold.] 
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air  will  be  propa(j;ated  to  the  fluid  contained  in  the  labyrinth, — throngh  the 
tympanuin,  the  chain  of  bones,  and  the  niembratie  of  the  /enrstrn  ovaHt  to 
which  the  staple  is  attached — without  any  loss,  but  rather  an  increase  of  intenBity. 
"Why  water  should  be  chosen,  as  the  meilium  through  which  the  impression  is  to 
be  nindo  up^n  the  nerve,  it  is  impossible  for  us  to  say  with  anything  like  certainty, 
in  our  present  state  of  ignorance  as  to  the  physical  character  of  that  impres- 
sion. But  the  problem  bein^  to  communicate  to  water  the  Bonoroufl  undulations 
of  air,  the  experimental  results  already  detailed  satisfactorily  prove  tlmt — whilst 
this  may  be  accomplished,  in  a  degree  sufficient  for  the  wants  of  the  inferior 
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DIaffrotn  of  the  inner  wnll  of  the  tympanum  after  mBoerntion,  the  outer  w*n  and  ossielea 
being  removed,  a.  Fenes*™  ovalii.  6,  Feneiitr*  rcitondB.  r.  Promontory,  d.  VynmM  with 
the  orilloe  at  itt  apex*  e.  Projection  of  the  aqaednctus  Failopii.  /.  Some  of  the  mastoid  oella 
eommanicftting  with  the  tympnnum.  g.  Pnevsaas  oocbleariforniiii,  bounding  t,  the  oanal  for 
the  ten»ur  tympani  mut-cle:  the  anteriur  pjrramtd  it  broken  off,  if  it  exietod.  ii.  Cosiioence- 
Oient  of  the  Euiitaefamn  tube.  j.  Jiiitalar  fussa,  immediately  below  the  tympanam.  h,  k. 
Carotid  canal,  with  the  artery  In  ontline,  to  show  itt  course  in  retstioD  to  the  tympnnnto  aiid 
£4]!itJirhian  tube.  {.  Purlio  dura  of  the  BCTectb  pair  of  nervei,  a*  it  would  be  seen  in  the 
terminal  part  of  the  aqueduct  of  Falloplua.  m.  Chorda  tympani,  leaving  the  ponio  dura  and 
entering  a^hort  canal,  whicb  opens  in  the  tympanum,  at  the  bote  of  the  pyramid,  a.  Oroore* 
for  the  tympanic  plexue.} 

animals,  by  the  simple  interposition  of  a  tense  membrane  between  the  air  and  the 
fluid, — the  tympanic  apparatus  of  the  higher  classes  is  moat  admirably  adapted 
for  this  purpose. — The  fenestra  ovalis  is  not,  however,  the  only  channel  of  cotii- 
iDunication  between  the  tympanum  and  the  labyrinth ;  for  there  is  in  most 
animals,  a  second  aperture,  the  fenestra  rotunda,  leading  into  the  cochlea,  and 
dimply  covered  with  a  membrane.  It  is  •(enerally  supposed  that,  the  labyrinth 
beiug  filled  with  a  nearly  incompressible  fluid,  this  second  aperture  is  necessary 
to  allow  the  free  vibration  of  thai  fluid ;  the  membrane  of  the  fenestra  rotunda 
being  made  to  bulge-out,  as  that  of  the  fenestra  ovalis  is  poshed-in.  It  may  be 
easily  shown  by  experiment,  however,  aa  well  as  by  reference  to  comparative 
anatomy,  that  no  such  contrivance  is  necessary]  for  sonorous  undulations  may  be 
excited  in  a  non-elastic  fluid,  completely  inclosed  within  solid  walls  at  every  pun 
except  where  these  are  replaced  by  the  membrane  through  wbich  the  vibrations 
are  propagated ;  and  this  is  precisely  the  condition  not  only  of  Invertt-bnitcd 
animals,  but  even  of  Frogs;  in  which  last  a  tympanic  apparatus  exists,  without 
a  second  oriflce  into  the  labyrinth.     Moreover  it  ia  certain,  that  the  vibrations  of 
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the  air  in  the  cavity  of  the  tympanum,  tnurt  of  thetnpelves  act  upon  tlie  rocm- 
bran e  of  the  fenestra  rotunda;  and  ibis  is  perhaps  the  moet  direct  manner  in 
which  the  fluid  io  the  cochlea  will  be  affeeted,  although  it  will  ultimately  be 
thrown  into  much  more  powerfxil  action,  by  the  traosuiission  of  yibratioos  from 
the  vestibul©.  For  it  has  been  satisfactorily  determined  by  experiment  (xii.), 
that  vibrations  are  transmitted  with  very  much  greater  intensity  to  water,  when 
a  tense  nicmbmne,  and  a  chain  of  insulated  solid  bodies  capable  of  free  moTement, 
are  Buccessively  the  conducting  media,  than  when  the  media  of  commuQication 
between  the  vibrating  air  and  the  water  are  the  same  tense  membrane,  air,  and  a 
second  raerabraoe : — or,  to  apply  this  fact  to  the  organ  of  hearing,  the  same 
vibrations  of  the  air  act  apon  the  fluid  of  i.he  labyrinth  with  much  greater  inten- 
sity,  through  the  medium  of  the  chain  of  auditory  bones  and  the  fenestra  ovalis, 
than  through  the  medium  of  the  air  of  the  tympanum  and  the  membrane  cloMog 
the  fenestra  rotunda.  The  feneptra  rotunda  is  not  to  be  conpidered  as  having  any 
peculiar  relation  with  the  cochlea;  since,  in  the  Turtle  tribe,  the  former  exists 
without  the  latter. 

784.  It  is  obviously  vn  the  Lahjrinth  ai«  a  whole,  that  the  sonorons  vibratioiis 
are  broujrht  to  bear  upon  tlie  Auditory  nerve  spread-out  to  re<>cive  them^  In 
regard  to  the  special  functions  of  particular  parts  of  the  labyrinth,  however, 
no  certainty  can  bi>  paid  to  exist.  The  membrane  which  lines  ita  cavities  not 
only  c<:>ntains  a  liquid  (the  tt/f/r>/ym/)/i)>  but  is  also  separated  from  the  oaseotu 
wall  by  another  cnllection  of  liquid,  the  peri-Ii/mph  ;  w>  that  it  is  suspended, 
it  were,  in  a  liquid  which  bathes  both  its  surfaces.     In  the  cavity  of  the  Vtttibn 
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F5g.  180. — Interior  of  the  OMooni  lobjrinth.  V.  Veitibnlc.  a,  »,  Aquednet  of  th*  i 
tlbulc.  o.  Fovea  lemi-clliptics.  r.  Futos  hetnit>ph«ric&  S- Semi  clrculwcanalt,  «.  Sup«ri«V 
p.  PoBtorior.  I.  Inferior,  a  ao,  The  ■mpulUrestreoiitj  of  each.  C.  Cochlea,  a4^  Aquedoelof 
the  cochlea.  «c.  Oeseous  tone  of  the  lamina  spiralis,  above  which  is  the  acaia  reftibali,  comma- 
nicattngwith  the  vestibule.    «(.  Scaln  tjmpani  below  the  rpirnl  lamina.    From  Scvmmerrinf.] 

Fig.  181. — Membmnoaji  labjHnth  of  the  left  side,  with  it«  nervet  and  otciltiJig : — ««.  Soperior 
■emicircnlar  canal,  with  ch«  ampulla  and  ita  nerv«  at  one  end.  and  the  other  end  joined  bjl 
p,  the  posterior  cooalj  to  form  the  ttthvlHt  cominwiti*.  t.  Inferior,  or  huriznnul  eanal,  with  (ha 
■mpnlla  and  ita  nerve  at  one  end,  and  the  other  entering  the  ulricalas  lopnratvly.  «. 
Powdery  otolith  icen  tfaroogb  the  translucent  wall  of  the  eommon  alnuj  of  utnrulus  »"»•« 
the  nerve*  distribnted  to  it  «.  Powdery  otolith  of  the  noonloi  »cn  with  ita  nerre,  io  a 
similar  way.  n.  Cochlear  division  of  the  auditory  nerve  cat  off  wbere  it  enttri  the  ef»cbl« 
d.  PoHio  dnra  of  the  leventh  pair  leaving  the  auditory  Qerv«t  or  ftro'o  moUit,  to  enter  th»J 
aqueduct  of  Falloptua.     Magnified.     From  Bre>cbet.l 
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irbich  is  subdivided  by  a  membranous  partition  into  two,  are  found  small  masses 
of  concretionary  particles,  collectively  named  otoconia  or  ear-powder ;  these  are 
obviously  the  rudiments  of  the  oioliths,  or  ear-stones,  whose  presence,  in  animals 
with  a  le^  perfect  auditory  apparatus,  scemis  needful  tn  intensify  the  undulations. 
It  is  commonly  supposed  that  the  Seminrrulur  Cannh  have  for  their  peculiar 
fiiDCtion,  to  receive  the  impressions  by  which  we  distinguish  the  (h'recti'on  of 
•ounds ;  and  it  is  certainly  a  powerful  argument  in  support  of  this  view,  that, 
in  almost  every  instance  in  which  these  parts  exist  at  all,  they  hold  the  same 
relative  positions  as  in  Man,  their  three  planes  being  nearly  at  right  angles  to 
one  another.  The  idea,  however,  must  be  rejrarded  as  a  mere  speculation,  the 
value  of  which  cannot  be  decided  without  an  increased  knowledge  of  the  laws 
according  to  which  sonorous  vibTations  are  transmitted  ;  but  it  receives  a  certain 
degree  of  confimitttion  from  the  curious  movements  witnessed  by  M.  Flourena 
after  section  of  one  or  other  of  these  canala  (§531). — Regarding  the  special 
function  of  the  Cochlea,  there  is  precisely  the  Bame  uncertainty.  This  part  of 
the  organ  is  peculiar  in  one  respect,  that  the  expansion  of  the  auditory  nerve  is 
here  spread-out  (within  the  lamina  spiralis)  in  closer  proximiiy  with  the  bone 
itself,  than  it  ia  in  any  other  part  of  the  labyrinth  ;  and  moreover  the  peri-lymph 
is  here  deficient,  m  that  the  membranous  lining  of  the  cochlea  is  in  absolute  con- 
tact with  its  osseous  wall.  It  is  not  easy  to  see,  however,  what  can  be  the  pecu- 
liar  object  of  this  disposition  in  regard  to  the  function  of  hearing.     It  bus  been 
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^  Ooetilea  of  a  now-born  infunt,  opened  on  the  side  townrde  the  opex  of  the  petrnun  bona. 

^P  It  tbowi  the  gODeral  iUT*ngem«nt  of  the  two  aralir,  the  lacninw  ipirnltv,  and  the  distribution 
of  the  cochlear  nerve.  At  the  npex  it  «een  the  rnodiolu*  oxpandiog  into  the  cupoln,  where 
the  fpiral  canal  tcrminatec  in  a  cul-de-sao.  The  beticotroma  ia  not  ritible  to  this  view. 
Fron  Am  fid.] 

sannised  by  M,  Dugfts,  that  by  the  Cochlea  we  are  especially  enabled  to  estimate 
the  pitrh  of  sounds,  particularly  of  the  voice;  and  he  adduces  in  support  of  thja 
idea,  the  fact,  that  the  development  of  the  cochlea  follows  a  very  aimiJar  propor- 
tion with  the  compa-ss  of  the  voice.  This  is  much  the  greatest  in  the  Mannnalia ; 
less  in  Birds;  and  in  Reptiles  which  have  little  trno  vocal  power,  the  cochlea  is 
reduced  to  its  lowest  form,  disappearing  entirely  in  the  Amphibia.  That  therfl 
should  be  an  acoustic  relation  between  the  voice  and  ear  of  each  species  of  ani 
mal,  cannot  be  regarded  as  improbable ;  but  the  speculation  of  M.  Dug^  cap 
at  present  only  be  received  as  a  stimulus  to  further  inquiry.' 

*  fProf.  Jacksoo,  of  the  UniTersitj  of  PennflytTatiia,  in  his  public  lectures  for  the  Ins* 
three  years,  baa  assigned  a  different  function  to  lb«  semi-circular  canals  and  cochlcA,  which 
appears  to  be  more  in  aocorrlanee  wiih  facts  than  anj  that  bna  hitherto  been  proiiuced.  Ao^ 
cording  to  him  "the  Bemi-circu1arGRn»ls  have  no  direct  ageacj  in  the  prodactioD  gf  3oun<i  or 
hearing.  They  contain  no  nervous  structure:  no  portion  of  the  acoustic  nerre  reaches 
them.  Thej  are  small  appeniinges  to  the  Testtbule,  opening  into  it  and  the  ampulla.  The 
membranous  canals, like  the  TnembrhnnuA  vestibule,  are  floated  in  a  fluid,  the  peri-tympb, 
and  are  filled  with  a  similar  fluid,  the  endo-lymph.  The  membranous  structure  eonsti 
tatea  tbe  enenttal  solid  portioo  of  the  organ  of  hearing.     It  is  nowhere  in  direot  ooutact 
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7B5.  We  have  now  to  consider  the  fnnctiocs  of  the  accessory  parts, — the  £r- 
temal  Ear,  and  the  Meattut.  The  Cartilage  of  the  external  ear  may  propagate 
Bonorotts  vibration  in  two  ways;  by  reflection,  and  by  condnction.     Id  reflection, 

with  the  osieooB  walla  of  the  corre^poiKlinf;  cnvities  ezca^nted  tb  the  temporal  boii«L  TlM 
peri-lymph  is  interposed  between  the  tnenibninoug  vcftihule,  the  eemi-oirculnr  canali^  aad 
the  surrounding;  osacoua  walls.  In  the  Petromvton,  this  membranous  structar«  (Tcedfaflk 
and  Bemi-circular  caaalsj  is  containrd  in  a  common  cavity,  unenclosed  in  coTTe5^.i-.ndinc 
excnTstions  in  bone  substance.'  As  MUllcr  obserres,  this  is  "a  fact  of  f^vat  phv«iolnfpoki 
itnportnnce."  It  proTes  tlie  roembranona  portion  of  the  apparatus  of  hearing  and  its  flaid 
to  be  independent  of  the  boivy  structure  in  the  excitation  of  the  sense  of  sound  or  heariof. 

"  The  spmi-circular  onnnls  are  evidently  intended  to  perfect  the  sense  of  hearini;  or  e<>fla^ 
as  executed  in  its  mnf t  complete  Dinnifestntions,  in  the  higher  development  of  thia  afffr 
ratuB  of  sense  in  man  and  the  superior  animals, 

*<  The  hypothesis  of  Scarpa  has  been  adopted  as  the  most  plausible  in  \h\m  point  of  TMir> 
He  supposed  the  semi-circular  canals  to  b«  intended  to  increase  the  intensitT  of  the  aoDoroos 
impressions  on  the  acoustic  nerve,  and  thus  to  make  hearing  more  distinct  They  effect 
this  operation  by  receiving  and  collecting  ihe  vibrations  of  the  solid  parietee  of  the  cn- 
niuni  transmitted  to  the  lymph-fluid,  and  through  it  to  the  nervous  expansion  of  the  aeon*- 
tio  nerve, 

'*  This  hypothesis  cannot  be  entertained.  In  the  first  place,  it  is  very  doubtful  whether 
the  aerial  vibrntions,  in  ordinary  hearing,  can  or  do  oommunicate  vibrations  to  the  laid 
parts  of  the  cranium.  When  a  light  cnrringe  passes  rapidly  orer  the  rough  paTsnaDl 
with  sharp,  rattling  noise,  if  the  ears  be  completely  closed,  not  a  sound  is  heard;  nor  iss 
single  note  of  a  large  orchestra  to  be  distinguished  when  the  ears  are  presaeii  with  tke 
fingers.  When  sound  is  ottendcd  with  concnssion,  a  noise  may  then  be  dintinguisbed,  bot 
this  difl'ers  from  the  ordinnry  sense  of  bearing.  If  vibrations  are  excited  in  the  mi6A 
parts  of  the  cranitntn  by  sonorous  vibrations  of  the  air,  they  are  obviously  too  feeble  M 
make  an  impre^Hion  on  the  nerves  of  eeose,  and  incapable  of  reinforcing  tlie  vibratiani 
transmitted  through  the  stapea. 

«'  In  Ihe  second  place,  vibrntions,  if  excited  in  the  lymph-fluid  of  the  semi-circular  canalt. 
would  move  in  a  direction  the  reverse  of  the  molecular  vibnitiiiti.s  of  the  lymph-fluid  of  tlM 
vestibule  and  nmpulltB,  the  real  exciters  of  the  sense  of  hearing  or  sound.  These  vibrt- 
tions  are  truiiBmitted  through  the  fenestra  ovalis  by  the  stapes,  and  radiate  from  that 
point  in  expanding  waves  through  the  vestibular  lympli-fluid  into  the  ampulla?  and  seaii- 
circular  canals.  Vibrations  proceeding  from  the  solid  walls  of  the  aemi-circular  caoals, 
to  reach  the  nerve-expanHlons,  would  come  in  conflict  with  those  proceeding  from  tkt 
stapes,  and  either  interference,  and  consei^uent  suppression  and  silence  would  ensue,  or 
the  effect  of  an  echo,  or  noise,  or  simple  sound  be  the  result.  The  bypotheads  of  Scaijit 
it  appears  to  me,  cannot  be  sustained,  though  ably  advocated  by  MQller. 

"  The  hypothesis  that  assigns  to  the  semicircular  canals  the  perceptioo  of  the  direeiMB 
of  sound  does  not  merit  an  investigation.  The  notion  of  the  direction  of  sound,  like  that 
of  distance,  is  a  Tuental  nction;  a  conclusion  to  which  the  mind  arrives,  from  oertalD  phe- 
nomena or  facta  acquired  by  experience. 

"  As  to  the  manner  in  which  the  semi -circular  canals  perfect  the  aans*  of  bearisf,  wj 
conclusion  is  the  opposite  to   that  of  8onrpa.      Instead  of  increasing  the   sonorous 
dulations  or  vibrations  of  the  lymph  of  the  vestibule,  the  immediate  excitants  of  the 
of  hearing,   they  serve  to   suppress  them.     They  arrest   the  wavea  of  reflexion  wi 
would  necessarily  occur  in  a  simple  cavity,  wholly  limited  by  plane  •urfadea.  as  the 
bule  would  be  without  these  appendages.  Such  is  the  rudimentary  vestibule  or  internal  tt 
the  invertebrata.    The  consequence  of  reflected  undulating  vibrations,  maintained  tu 
labyriathic  fluid,  would  be  the  production  of  mere  sound  or  noise  of  different  inteoxil 
The  perception  of  the  immense  number  of  fine  and  delicnte  tones,  and  other  qualitii 
sound  of  which  the  ear  has  cognizance,  would  be  utterly  impossible  in  the  contWIoarf 
sonorous  vibrations  in  the  fluid  of  the  labyrinth  continuously  reflected  to  and  fro, 
Bome  proriflion  is  made  for  their  suppression.    The  molecules  of  a  fluid  contained  in  a  cl« 
vessel  continue  in  undulatory  vibration  until  the  impetus  exciting  their  motion  is  <cx\'»t 
or  suppressed.     Tba  semi-circular  canals  accomplish  this  purpose.     They  are,  in  the  ay 
ratus  of  hearing,  what  the  pigmenlum  nigrum  of  the  choroid  coat  is  in  that  of  vision. 

"  The  two  senses  and  their  apparatus  are  homologous.  The  essential  phenomena  and  !• 
of  each  are  identical.  The  ktii>wU>dge  of  those  of  the  one  sense  demonstr«l««  thoac  uf  th« 
other.  The  conditions  of  perfect  vision  and  perfect  bearing  are  the  same.  They  art.  I»t, 
The  existence  of  separate,  independent,  sensitive  spaces  or  aections  of  the  retina  for  dis- 
tinct  images  and  perceptions  of   visual  impressions.     Volkmann  estimates  thcw  to  ba 


'  <'  Miiller'fl  Physiology,"  Holy's  translation,  vol  ii  p.  128& 
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^^the  coDcba  u  the  most  important  part,  since  it  directs  the  refiected  undalatione 

fTiowardfl  the  tragoa,  whence  they  are  thrown  into  the  auditory  pussage.     The 

other  inequalities  of  the  ezterDol  ear  cannot  promote  hearing  by  reflection  ;  and 

O"*'0OO5 ;'  &nd  others  Bt  Tinrsrss  of  an  inch.*     2d,  A  Bingle  distinct  iiopreseion  made  bj 
Ih*  mol«cuUr  vibradoQ  of  the  Ether — the  excitor  of  the  seuse  of  flight. 

"  The  above  conditions  are  obtained,  a,  by  the  spedat  anatoinical  arrangement  of  the  re- 
tioa:  b,  by  the  refracting  apparatus  of  the  globe  o{  the  eye  that  concentrates  the  anduU- 
XOTj  n»y8  of  the  Ether  proceeding  from  every  point  of  a  visunl  oliji'ct  on  the  distinct  sensi- 

itive  point*  or  spaces  of  the  retina:  c,  by  the  suppression  of  the  undul&tory  Tibr&tions  im- 
Intdiately  Uiey  have  excited  an  impre^aton  in  the  retina,  by  the  black  pigment  of  the  cho- 
,roid  coat.     Their  reflection  from  the  exterior  surface  of  the  aclerotic  ooat,  and  reiterated 
'  exciti-nient  of  the  retinal  sorfaee,  is  in  this  way  prevented.     In  Albinos  the  pigment  of  the 
choroid  is  either  deficient  or  absent,  and  the  consequence  is  iodtstinct  vision  in  day-ligbt, 
from  the  pem^ral  esciteinent  of  the  retina  by  the  reflected  undulations  of  the  Ether  occu- 
pyinir  the  globe  of  the  eye. 
■•  The  same  condition.<*   are  obtained  in  hearing,  I  at,  by  the  auditive  nerve  being  decom- 
posed into  its  separate  filaments  and  ganglionic  vesicles,  amounting  to  some  thousands, 
and  spread  out  in  a  manner  to  receive  single,  individual  impresi^ious,  in  the  membraooua 
Tmliliule,  ampullie^  and  on  the  lamina  spiralis  of  the  cochlea.     2ud.  By  the  molecular  nn- 
Juhitions  or  vibrations  excited  in  the  fiaids — peri-  and  endo-lymph — by  the  sonorous  undu- 
^L  lations  communicated  by  the  stapes,  occupying  tbe  fenestra  ovolis.     From  this  point  they 
^B  radiate  in  expanding  waves  of  undulations,  strike  on  and  pass  through  the  membranous 
^   vestibule  and  ampulliB,  on  which  the  filaments  of  the  vestibular  branch    of  the  auditive 
Berve  are  arranged,  producing  a  single,  distinct  impression,  reinforced  by  the  resonance 
of  the  laperimposed  otoconitc,  and  exciting  a  single  oiid  distinct  impulse,  and  perceptioa 
of  sound.     These  bo'lies  act  like  the  sounding-board  of  the  piano.     The  sonorous  vibra- 
I       lion  having  thus  completed  its  office,  the  specific  excitation  of  the  sense  of  hearing,  must, 
^L  like  that  of  the  visual  vibrotion,  oeoae  or  be  suppressed.     This  occurs  in  part  io  the  ata- 
^V  puUse.  but  mostly  in  the  semi-circular  canals. 

^V       "  The  vibrations  of  the  endo*lymph  reaching  the  ampulla}  are  partially  broken  and  weak- 
H   coed  at  their  openirig!<;  those  entering  the  ampullte  again  expand,  losing  thereby  their 
^    impetus,  and  either  die  away  against  the  membranous  walls,  or  come  in  conflict  with  the  vi- 
brations of  the  pcri-lymph  on  their  exterior.    The  two  cao  scarcely  be  io  perfect  consonance 
of  expansion  or  condensation,  and  interference  ensues  by  which  they  are  suppressed,   In  this 
^L  mode  all  the  feebler  vibrations  tire  terminated.  Those  of  greater  force  enter  simultaneously 
^P  the  two  opposite  openings  of  the  semi-circular  canals.    The  orifices  and  the  commencement 
^1   of  each  canal  differ  as  to  size  and  form,  and  consequently  each  entering  wave  of  undula- 
H   latory  vibrations  ia  modified,  thus  losing  their  consonance  of  expansion,  and  when  they 
meet  interference  and  suppression  result,     lleflexiuu  of  sonorous  vibrations  is  completely 
provided  against. 

••  Parallel  conditiona  exist  in  the  cochlea.  Its  two  canals — the  soperior-scala  vestibuli, 
— and  the  inferior-scala  tympanl, — are  filled  with  lymph-fluid  continnous  and  identical 
vrith  that  of  the  vestibule.  The  first,  the  scala  vestibuli,  according  to  the  latest  investiga- 
tions of  KolUkor*,  is  the  principal  seat  of  hearing.  On  its  lamina  spiralis  is  expanded  a  sen- 
tient, nervous  structure,  the  recipient  of  the  sonorous  vibrations  excitative  of  the  sense  of 
bearing.  It  is  the  homDtype  of  the  retina  of  the  eye.  The  scnia  tympani  furnishes  space 
for  spreading  out  the  filaments  of  the  nerve,  but  the  terminal  extretnities  pass  through  the 
membranoua  spiral  lamina,  to  be  incorporated  with  the  sentient  organ  of  hearing  in  the 
anperior  canal  or  scala  vestibuli.  The  filaments  of  the  inferior  canal  or  scala  tympani  aru 
mere  conductors  of  the  nervous  excitement  of  the  auditive  sentient  membrane.  The  scala 
tympani,  similar  to  the  semi-circular  canals,  has  no  direct  connexion  with  the  production 
of  bearing.  It  is  the  homolypc  of  the  semi-circular  canals  and  performs  the  same  office 
*'  The  sonorous  vibrations  starting  from  the  stapes  and  fenestra  ovalis,  rushing  into  the  ad- 
jacent opening  of  the  scala  vestibuli,  excite,  by  their  impulse,  the  auditory  nvembraue  oi 
retina,  spread  over  its  lamina  spiralis,  and  reach  its  terminatioD  where  it  opens  into  the  seals 
tympani.  Feeble  vibratlon<<  may  subnide  spontaneously  by  exhaustion  from  their  extension 
The  stronger  pass  on  into  (h>j  scala  tympani,  where  they  fade  away,  or  are  suppressed  by 
the  interference  of  vibrations  entering  the  inferior  canal  by  the  fenestra  rotunda  from  the 
tiympanam.  The  ooodition  for  perfect  hearing,  for  the  distinct  perception  and  appreciation 
of  the  finest  tones  and  notes,  so  that  each  vibration  shall  make  but  one,  single,  distinct  im- 
pression, and  then  be  suppressed,  is  thus  amply  fulfilled. 

-  Analogous  proviaions  are  perceived  to  exist  in  the  tympanum,  to  preserve  in  that  cavity 

*  *'  Annual  Report  of  the  Progreas  of  Chemistry  and  Allied  Sciences,"  by  Liebig  an<l 
Kopp.  vol  iii.  p.  98. 

*  "  Lardner's  Handbook  of  Optics,"  p.  155. 

*  "  Uuman  Microscopical  Anatomy."     I>a-Cost«  tranalntion.     Kote,  p.  176. 
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the  parpose  of  the  extension  of  ita  cartilupe  is  evidently  to  receive  the  soBtnou 
vibrations  from  the  air,  nnd  to  conduct  them  to  its  source  of  «tt»chaieDt  In 
this  point  of  view,  the  inequalities  become  of  importancd  ;  for  those  ele«uoiii 
and  depressions  upon  which  the  undulations  fall  perpendicularly,  will  le  tSeobei 
bv  thfui  in  the  most  intense  degree;  and  in  consequence  of  the  varied  fonn  snd 
position  of  these  inequalities,  sonorous  undulations  in  whatever  direction  thej 
may  come,  must  fall  advantageously  upon  some  of  them. — The  functions  of  Uu 
Mcat4)s  appear  to  be  threefold.  The  sonorous  undulations  entering  from  the 
atmosphere  are  propagated  directly,  without  dispersion,  to  the  membruia  tjni- 
pani :  the  sonorous  undulations  received  on  the  external  car,  are  conveyed  along 
the  walla  of  the  meatus  to  the  membrana  tympaui;  whilst  the  air  which  it  eoo- 
toins,  like  all  insulated  masses  of  air,  increases  the  intensity  of  soandB  bj  nto»- 
ance.  That,  in  ordinary  hearing,  the  direct  transmission  of  atmohpherie  ribtv 
tions  to  the  membrana  tympani,  is  the  principal  means  of  exciting  the  reciprocal 
yibrationa  of  the  latter,  is  sufficiently  evident;  the  undulations  which  diredlj 
enter  the  passage,  will  pa^s  straigbt-on  to  the  membrane  ;  while  those  that  eater 
obliquely  will  be  reflected  from  &\de  to  side,  and  at  last  will  fall  obliquely  on  the 
membrane,  thus  perhaps  contributing  to  the  notion  of  direction.  The  power  rf 
the  lining  of  the  meatus  to  conduct  sound  from  the  external  ear,  ia  made  erideot 
by  the  fact,  that,  when  both  ffars  are  closely  stopped,  the  sound  of  a  pipe  haviv 
its  lower  extremity  covered  by  a  membrane,  is  heard  more  distinctly  whea  it  ■ 
applied  to  the  cartilage  of  the  external  ear  itself,  than  when  it  is  placed  id  oi»> 
tact  with  the  surfaoe  of  the  hea^.  The  resonant  action  of  the  air  in  the  tubtii 
easily  demonstrated,  by  lengthening  the  passage  by  the  intruduction  of  abothv 

perfect  w&ve-syatema  of  undulations.  indispenMble  to  the  perfection  of  the  mom  of  hm- 
ing.  VibratioDs  cxiBlJDg  in  air  contftined  in  a  cavity  witn  plane  waHa,  would  cuntinMli 
be  reflected  from  side  to  aide,  producing  confased  sounds  or  noise.  The  air  in  th*  tjm- 
pauum  is  thrown  lalo  vibrations  by  impaleea  of  the  membrana  tympani.  Tbej  anooB' 
municated  pure  and  in  perfect  accord  to  the  membrane  of  the  fenestra  rotaod^  Wi 
curious  and  beantifut  result  is  effected  in  the  folluwing  manner:  on  one  side  the  tjapana 
communicates  by  numerous  openings  witli  the  mastoid  cells  comnaunicating  with  oat  •>• 
other.  All  the  vibrations  impingin)^  on  this  side  are  suppressed  in  the  mastoid  celU.  TkflM 
that  reach  the  opposite  i<i(Ie  are  swallowed  up  and  lost  in  the  Eustachian  tnb«.  All  Kwaaw 
and  reflexion  of  vibrations  are  suppressed,  and  the  wave-systems  of  sonorous  vibrafifM 
traverse  the  tjmpauum  undisturbed,  enter  with  augmented  force  the  1  vniph-flujd  of  tk 
Bcala  tympani,  and  meet  tbe  eorreaponding  nndulHtions  coming  from  the  seal*  vtstiba]], 
from  which  both  sjatems  are  suppressed  by  interference. 

"Id  the  'Annual  Keport'  by  Justus  Liebig  and  H.  Kopp,  vol.  iii.  p.  53.  ia  tba  faQ»*^ 
ing  observation.  *  It  is  certain  that  the  car  is  capable  of  receiving  and  distiofaisiaaf 
nmnj  notes,  the  vibrations  of  which  reach  it  simultaneously.  As  the  atmospheric  ps>^ 
cles  which  convey  tbe  various  wave-syatema  to  the  ear  can  never  receive  from  them  mmt 
than  one  resulting  motiou,  it  follows  necessarily  that  the  ear  posseaees  the  power  of  dia- 
tingui^hing  in  this  resulting  motion,  the  periods  of  the  component  wavfr-tradna.  Forthi 
present  we  are,  liowever,  unable  to  explain  upon  what  this  power  dependa.' 

"  The  preceding  theory  fumishes  an  explanation  of  the  above  problem  considered  af  ian- 
plicable  by  Liebig  and  Kopp,  ia  1852.  It  demonstrates  the  manner  in  which  the  vai«- 
eystems  of  sonorous  vibrations  pass  through  the  fluid  of  the  labyrinth  undisturbed,  pr*> 
serving  their  relations  to  each  other  and  (heir  special  qualities  of  sound.  Each  sepanti 
vibration  of  tbe  molecules  of  the  lymph-fluid  are  shown  to  produce  a  special,  diatutati*- 
pressioQ  on  the  nerve  structure,  and  excite  a  corresponding  perception  of  sound 

'*The  BiBoll  space  through  which  the  vibrations  paES,  and  the  rapidity  of  their  moi 
in  fluids  cause  the  impreesions  they  make  on  tbe  nervous  sentient  organ,  and  the 
tiona  they  excite,  (o  appear  as  an  instantaneous  act     The  mind  baa  cognitaoce  of 
however  diversified  they  may  be,  as  a  unity  of  sounds  simultAaeoualy  inataot  In  actiaa: 
whettce  it  forms  the  compound  idea  of  a  perfect  harmony. 

"  An  anulngous  phenomenon  occurs  in  vision.  When  a  body  composed  of  different  fanM 
and  colours  is  presented  to  the  eye.  as  a  bouquet  of  flowers,  a  landscape,  or  picture, 
diflerent  form,  colour,  tint  and  shading,  are  perceived  blended,  but  p>erfect  and  4i 
forming  the  image  of  a  single  object.  Yet  thousands  of  Ether  vibrations  are  tra« 
the  eye,  and  are  exciting  each  a  aeparnte,  di.ttinot  impression,  without  coufusiob, 
rc-iinn,  and  as  many  distinct  and  aeparate  perceptions,  from  which  a  corresponding 
pound  idea  of  a  inngle  objerl  is  formH  by  the  mind." — VnpuUittud  Leeturt. En.l 
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tube ;  the  intensity  of  externnl  aouade^  aod  also  that  of  the  iudividuars  owa 
voice,  aa  beard  by  himself,  is  then  much  increased. 


{Fio.  I  S3. 


^f  A  r\ew  of  the  l.rl'i  Ear  in  Ur  nntunil  bUU: 

1,  3,  the  origin  and  termination  of  the  helix; 
3,  the  anti-helix;  4,  the  anti-lrugus ;  5,  the 
trftgua;  6,  the  lubai  of  tbo  external  car;  7, 
pobta  to  the  •capba,  and  i«  on  the  frunt  and 
top  of  the  piuoa;  S,  the  concha;  9,  tlietneataa 
BodiUiriuB  externum,] 


[Fifi.  184. 


An  anterior  view  of  the  Eitemiil  Ear,  tui  well 
a<  of  the  JMeuluB  Auditorius,  Labyrinth,  Ac: 
1,  the  opeDing  into  the  ear  at  the  bottom  of 
the  concha;  2,  the  mealns  aaditortua  exteraiu 
or  eartilagvnouH  canal;  3,  the  merabrana  tTm* 
pan!  Btretcbing  upon  it«  ring;  4,  the  malleu; 
b,  the  atapei;  0,  the  labjriuth.] 


786.  Many  facts  prove,  however,  that  the  fluid  of  the  Lnhyrinth  may  be 
thrown  into  vibration  in  ofhcr  waye  than  by  the  Tympanic  apparatus.  Thus  in 
Osseous  Fishes,  it  ia  only  by  the  vibrations  transmitted  throuf^li  the  hones  of  the 
hiiad,  that  bearincr  can  take  place.  There  arc  many  persons,  again,  who  ean  dis- 
tinctly hear  sounds  which  are  thua  transmitted  to  them  ;  althou(;h,  thrnugb  some 
imperfectitm  r»f  the  tympanic  apparatus,  they  are  almost  insjcusiblc  to  those  which 
they  receive  in  the  ordinary  way.  It  ia  evident,  where  this  ia  the  case,  that  the 
nerve  rauist  he  in  a  state  fully  capable  of  functioaal  activity;  and,  on  the  other 
hand,  where  sounds  cannot  thus  be  perceived,  there  will  be  good  reason  to  believe 
tbat  the  nerve  is  diseased. 

787.  A  single  impulse  communicated  to  the  Auditory  tierve,  in  any  of  the 
foregoine  modes,  seems  to  be  sufficient  to  excite  the  momentary  sen^iaiion  of 
fjund ;  but  most  frequently  a  series  of  such  impulses  is  coacerned,  there  being 
but  few  sounds  which  do  not  partake,  in  a  greater  or  less  degree,  of  the  character 
of  a  timf.  Any  continuous  sound  or  tone  is  dependent  tipon  a  Buoeession  of 
impulses;  and  its  acutcneas  or  depth  is  governed  by  the  rapidity  with  which 
these  fiueceed  one  another  It  is  not  difficult  to  ascertain  by  esperiraeul,  what 
number  of  such  impulses  or  undulations  are  required,  to  give  every  tone  which 
the  ear  can  appreciate.  Thus,  if  a  circular  plate,  with  a  number  of  apertures  at 
regular  inU^rvals,  be  m&de  to  revolve  over  the  top  of  a  pipe  through  which  air 
is  propelled,  a  succession  of  short  puffs  will  be  allowed  to  issue  from  this  ;  and, 
if  the  revolution  be  sufficiently  nipid,  these  impulses  will  unite  into  a  definite 
tone.  In  the  same  manner,  if  a  spring  be  fixed  near  the  edge  of  a  revolving 
toothed  wheel,  in  such  a  nianncr  as  to  be  caught  by  every  tooth  as  it  passes,  a 
Baoces«iion  of  dicks  will  be  heard;  and  these  too,  if  the  revolution  of  the  wheel 
be  sufficiently  rnpid,  will  produce  a  tone.  The  number  of  apenurps  ia  the  plate 
which  pass  the  orifice  of  the  pipe  in  a  given  time,  or  the  number  of  teeth  which 
pass  the  spring,  being  known,  it  is  easy  to  see  that  this  must  be  the  number  of 
impulses  recj^uired  to  produce  tho  given  tone.     Each  impulse  produces  a  double 
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vibratioQ,  forwards  and  baclcwards  (as  seen  when  a  string  is  put  in  vibration,  fc? 
[mlling  it  out  of  the  straight  line);  hence  the  number  of  sinple  Tibrstions  i% 
llways  double  that  of  the  impulses. — The  lunxitnuiii  and  mininiuni  of  the  inter, 
vals  of  successive  pnlnes,  still  appreciable  bj  the  car  as  determinate  sounds,  hare 
also  been  determined  by  M.  Savart,  more  satisfactorily  and  more  accnnlcly  thin 
had  previoui^ly  been  done.  If  their  intensity  be  great,  sounds  are  stiU  aodible 
which  result  from  the  succession  of  24,000  impulses  in  a  second  ;  and  this,  pro- 
bably, is  not  the  extreme  limit  to  the  acuteness  of  sounds  perceptible  by  the  ear. 
From  gome  observations  of  Dr.  Wollaston's,  it  seems  probable  that  the  ears  of 
different  individuals  are  differently  constituted  in  this  respect ;  some  not  beia<; 
able  to  hear  very  acute  tones  produced  by  Insects,  or  even  Birds,  which  are  dis- 
tioctly  audible  to  others.  Again,  the  sound  resulting  from  IG  impolaei  per 
second,  is  not,  as  has  been  u.^ually  supposed,  the  lowest  appreciable  note ;  on  the 
contrary,  M.  Savart  has  succeeded  in  rendering  tones  distinguishable,  which  ue 
produced  by  only  7  or  8  impulses  in  a  second ;  and  continuous  sounds  of  a  still 
deeper  tone  could  be  heard,  if  the  individual  pulees  were  EufBcicntly  prolonged. 
In  rep:ard,  however,  to  the  precise  time  daring  which  a  sonorous  impressioo  r>- 
main?  upon  the  ear,  it  is  difficult  to  procure  exact  information,  since  it  depvtt 
more  gradually  than  do  visual  impressions  from  the  eye.  This  is  certaio,  hcfi- 
ever, — that  it  is  much  longer  than  the  inter^•al  between  the  succeesive  poIaeBii 
the  production  of  tones;  since  it  was  found  by  M.  Savart,  that  one  or««n 
several  teeth  might  be  removed  from  the  toothed  wheel,  without  a  peroeptiUe 
break  in  its  sound, — showing  that,  when  the  tone  was  once  established,  the  ia> 
prctisioD  of  it  remained  during  an  intermission  of  some  length. 

78S.  The  power  of  distinguishing  the  direction  of  sounds  appears  to  be^J 
Man  at  least,  fur  the  most  part  accjuired  by  habit;  for  it  is  some  time  before  I 
infant  seeiiiii  to  know  anything  of  the  direction  of  noises  which  attract  his  atl 
tion.  Our  judgment  an  to  this  point  is  probably  assisted,  in  most  case;,  byl 
difference  in  the  intensity  of  the  sensations  received  through  the  two  ean  n- 
spectively ;  but  since  we  have  a  certain  power  of  appreciating  direction  when  ob« 
car  alone  is  used^  this  power  must  depend  upon  an  exercise  of  perceptive  di» 
crimination  (which  is  probably  acquired,  rather  than  intuitive),  in  regard  tof 
impressions  which  we  receive  through  its  means;  and  it  has  been  already 
tioned,  that  the  Semicircular  canals  (§  784)  appear  to  furnish  the  iostrumentaE^ 
by  which  our  minds  are  enabled  to  lake  cognizance  of  such  differeDces. — ^Th« 
idea  of  the  distance  of  the  souoroua  body  is  aaolher  accjuired  perception,  depend* 
ing  principally  upon  the  loudness  or  faintncss  of  the  sound,  when  we  bavem 
other  indications  to  guide  us.  In  this  respect  there  is  a  great  similarity  between 
the  perception  of  the  distance  of  an  objecti  through  the  Eye  by  its  sixe,  lod 
through  the  Ear  by  the  intensity  of  its  sound.  When  we  are  acquainted  with 
the  usual  intensity  of  its  sound,  we  can  judge  of  its  di.stance;  and  vvxvenA, 
when  we  know  its  distance,  we  can  at  ODoe  form  du  idea  of  its  real  strength  of 
tone  from  that  with  which  our  ears  are  impressed.  In  this  manner,  the  mis*! 
may  be  affected  with  corresponding  deceptions  through  both  senses :  for  •&,  in 
the  Phantasmagoria,  the  figure  being  gradually  diminished  whilst  its  disteace 
remains  the  same,  it  appears  to  the  spectators  to  recede  (the  illusion  being  mon 
complete  if  its  brightness  be  at  the  same  time  diminished) ;  so  the  cfiect  of  a  distul 
full  military  band  gradually  approaching,  may  be  alike  given  by  a  correspoodinf 
cresrriido  of  conoeiiled  instramcnta.  It  is  upon  the  complete  imitation  of  th« 
oouditioiis  which  govern  our  ideas  of  the  intensity  and  direction,  as  well  as  of 
the  character,  of  souada,  that  the  deceptions  of  the  Vcntrilofjuist  are  founded. 

789-  The  Auditory  sense,  like  the  visual,  may  vary  considerably  among  dii^ 
ferent  individuals,  both  as  regards  its  general  acuteness,  and  as  respects  its  difr- 
criminative  power  for  particular  classes  of  impressions.  Much  depeods  vpM 
the  habit  o/attcnliun  to  its  indications;  and  thus  it  comes  to  pass,  that  the  : 
of  hMtring  very  faint  sounds  and  of  rccogulzing  their  source,  becomes  auci 
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to  a  wonderful  degree  in  those  individuals  who  are  obliged  to  trust  to  the  know* 
ledge  thus  acquired  for  the  direction  of  their  own  actions;  whilst,  in  like  man- 
ner, the  power  of  distinguishing  slight  differeoces  in  the  pitch  of  souuda,  inay 
be  so  cultivated  (where  it  is  not  coDgenitallj  deficient)  as  to  attain  an  intensity 
that  eeenis  very  extraordinary  to  those  who  have  not  accuFtomed  themselves  to 
listen  for  them.  The  general  cultivation  of  this  sense  is  perhaps  niost  remark- 
able ia  blind  persons,  who  have  enabled  themaelvea,  by  reliance  upon  it,  to  walk- 
about freely,  even  in  the  crowded  thoroughfares  of  the  Metropolis;  and  who  are 
not  only  able  to  judge  of  the  habits  of  individuals  whom  thoy  meet,  by  the 
Boond  of  their  footsteps  (at  once  recogniaing^  for  instance,  tho  footstep  of  & 
policeman  on  duty),  but  can  even  tell  when  they  are  passing  a  stationary  object 
(such  as  a  lamp-post),  provided  it  he  as  high  as  the  ear  or  nearly  so,  by  the  re- 
verberation of  the  sound  of  their  own  footsteps,  and  can  discriminate  between  a 
lamp-post  and  a  man  Htanding-still  in  the  position  of  one,  by  the  same  means.' 
The  effect  of  habitual  attention  in  increasing  the  discriuiiuativc  power  for  Im- 
pressions of  one  particular  kind,  is  perhaps  best  .seen  in  the  ability  which  is  pos- 
sessed by  certain  Conductors  of  orchestral  perfurniances,  to  detect  the  slightest 
departure  from  time  or  tune  in  the  sound  of  any  one  of  (porhapi*)  a  hundred 
instruments  that  are  simultanenusly  souudiog,  and  to  fix  without  hesitation  upon 
the  faulty  instrumentalist. —  There  seems  to  be  a  great  analogy  between  the 
power  of  distinguishing  colours,  and  that  of  discriminating  mufn'cal  (oiies;  and 
whilst  we  find  that  some  persons  are  endowed  with  the  latter,  which  is  commonly 
known  as  a  '  musical  car,'  in  a  degree,  that  renders  it  a  source  of  great  discom- 
fort to  them  (since  every  discordant  sound  is  a  positive  torment),  others  are  alto- 
gether destitute  of  it, — the  deficiency  being  very  analogous  to  the  '  colour-blind- 
uefis'  formerly  described  (§  770).  It  is  not  a  little  curious,  that  the  two  dofecta 
arc  occasionally  co-existent  in  the  same  individuals.' 

790.  Some  facts  of  much  intt-rcBt  have  lately  been  ascertained,  in  regard  to 
an  occasional  difference  in  the  rapidity  of  the  perception  of  sensory  impressions, 
received  through  the  Eye  and  through  the  Ear  respectively.  These  fact<*  are  the 
reault  of  comparisons  made  ainongat  difFcrent  Astrouomical  observers,  who  may 
be  watching  the  same  visual  phenomenon,  and  'timing'  their  observations  by 
the  same  dock;  for  it  has  been  remarked,  that  some  persons  see  the  same  occur- 
roDce,  a  third  or  even  a  half  of  a  second  earlier  than  others.  There  is  nn  reason 
to  suppose  from  this,  however,  that  there  is  any  difierenco  in  the  rute  of  trans- 
mission of  the  sensory  iuipressioaa  in  the  two  nerves.  The  fact  seems  rather  to 
be,  that  the  Sensoriura  does  not  readily  perceive  two  impressions  of  different  kinds 
with  fc(ju:d  distinctness;  and  that,  when  several  such  impressions  arc  made  on 
the  senses  at  the  same  time,  the  mind  takes  cognizance  of  one  only,  or  perceives 
them  in  succession.  When,  thcrcfiire,  both  sight  and  hearing  are  directed  sim- 
ultaneously to  two  objects,  the  communication  of  the  impression  through  one 
sense  will  necessarily  precede  that  made  by  the  other.  The  interval  between  tho 
two  sensations  is  greater  in  some  persons  than  in  others;  for  some  can  receive 
and  be  conscious  of  many  impressions,  Beemingiy  at  the  same  moment;  whilst 
in  others  a  perceptible  space  raiust  elapse.  The  'personal  equation  '  of  each  ob- 
server in  an  Observatory^  has,  therefore,  to  be  determined  and  allowed-for. 

701.  Amongst  other  important  offices  of  the  sense  of  Hearing,  is  that  of  sup- 
plying the  sensations  by  which  the  Voice  is^tegulatcd.  It  is  well  known  that 
those  who  are  born  entirely  dtaf,  arc  also  dumb;  that  is,  they  do  not  spontane- 
ously or  imitatively  form  articulate  sounds,  though  not  the  least  defect  may  exist 
in  their  organs  of  voice.  Hence  it  appears  that  the  vocal  muscles  are  usually 
guided  in  their  action  by  the  sensations  received  through  the  Ears,  in  the  same 

'  See  the  ncpount  of  n  blind  bootlace  acllcr  given  by  Mr.  U.  Mflvhew,  in  bla  ••  Londua 
Labour  and  tb«  LoadoD  Poor,"  vol.  i.  p.  402. 

•  See  ft  collection  of  luch  ca^cs  by  l>r.  PHnj  Earle,  io  "  Amer.  Jotirn.  of  Med.  Sci .' 
ffol.  xzxv, 

45 


706  OF    MUSCULAR    MOVEMENTS. 

manner  as  otber  muscles  are  guided  by  the  sensations  received  thnmgh  them* 
Bclves ;  but  when  the  former  are  deficient,  the  action  of  the  vocal  musdei  tn&y  be 
guided  by  the  latter  (§  542). 


CHAPTER  XUI. 


OP    MUSCULAR    MOVEMENTS. 


1.   Voluntary  and  Involuntary  Mov&m^nta. 

792.  By  far  the  larger  proportion  of  the  Muscular  apparataa  of  the  Hnoiffl 
Body,  may  be  considered  in  the  light  of  an  instrument  whereby  the  Nertow 
System  is  enabled  to  give  motion  tn  its  parts,  and  tbns  to  effect  those  changes  in 
its  relation  to  the  external  world,  which  are  requisite  for  its  physical  well-being, 
or  which  are  the  expressions  of  its  psychical  powers.  There  is  probably  no  pot 
of  the  Muscular  system,  which  is  altopether  beyond  the  pale  of  Nen-oua  aMMj; 
but  a  tolerably-definite  line  of  demarcation  may  be  drawn,  both  structurally  and 
functionally,  between  the  two  primary  subdivisions  of  this  system  :  in  the  first 

I  of  which,  the  Munmlor  apparatus  of  Organic  Li/f,  the  actions  are  but  littli 
dependent  upon  nervous  agency;  whilst  in  the  second,  the  Muscular  apparahtk 
of  Animal  Life,  scarcely  any  action  takes-place,  but  what  is  called-forth  bj 
nen'e-force. — The  Firft  group  consists  of  the  Muscular  envelopes  which  stn^ 
round  the  various  open  cavities  of  the  body,  and  which  form  part  of  its  geaenl 
investment  J  its  oflBce  being  to  aid  in  the  performance  of  the  Organic  fonctions, 
by  giving  motion  to  the  contents  of  the  cavities,  or  by  maintaining  a  proper  state 
of  tension  around  them  :  and  it  is  composed  almost  entirely  of  the  nan-ttriattd 
or  snifxith  form  of  muscular  fibre  (pRiNO.  OF  Gen.  Phys.,  Am.  Ed.),  the  ocly 
marked  exception  being  in  the  cavse  of  the  Heart.     Under  this  category  rank  tlK 

iproper  muscular  coat  of  the  alimentary  canal,  from  its  commencement  in  the  ce»- 

[  phagus  to  its  termination  at  the  anus;  the  muscular  coats  of  the  glaod-ducta  which 
discharge  themselves  into  this;  the  muscular  fibres  of  the  trachea  and  bronchial 
tnbes;  the  musculiir  6ubst:ance  of  the  heart,  and  the   muscular  coats  of  the 

I  blood-vesselB  and  absorbents  generally ;  the  muscular  walls  of  the  ureters,  blad- 
der, urethra,  and  vasa  defcrentia  in  the  male,  and  of  the  ureters,  bladder,  urethn, 
liillopian  tubes,  uterus,  and  vagina  of  the  female;  and  finally,  the  muscular  sob- 
Btance  of  the  skin.  With  regard  to  nearly  all  these  parts,  which  are  supplied 
with  nerves  (for  the  most  part)  by  the  Sympathetic  (Chap,  xv.)  rather  than  bj 
the  Cerebro-spinal  system,  it  is  difficult  to  obtain  evidence  that  Nervous  agency 
has  any  participation  in  their  usual  operations;  and  all  the  evidence  yet  adduced 
tends  only  to  show,  that  contractions  may  be  excited  through  thi.s  instrumen- 
tality, not  that  they  habitually  are  so  ;  their  ordinary  contractions  being  prodooed 
either  by  their  own  motility  (§  242),  or  by  stimuli  directly  applied  to  them- 
selves— The  Second  of  the  above-named  divisions  consists  of  all  those  MttSfilfli 
which  are  usually  styled  'vcduntary/  since  they  can  be  put  or  retained  in  MStiM 
by  the  mandates  of  the  Will,  through  the  instrumentality  of  the  Cerebro-spiaal 
system  of  nervoa ;  but  besides  these,  it  includes  a  large  gruup  of  muscles  (thofe, 
namely,  that  are  concerned  in  the  acts  of  Deglutition,  Respiration,  Vomiting 
Parturition,  Defecation,  and  Urinntion),  over  which  the  Will  exerts  only  a  p^^ 
tial  control,  their  activity  being  u.sunlly  called  forth  automatically.  It  would 
seem  as  if  this  group  were  placed  under  the  same  conditions,  as  regards  their 
dependence  on  Nervous  agency,  with  those  more  properly  termed  voluntary,  in 
order  that  the  Will,  which  ia  altogether  powerless  over  the  Muscular  appantos 
of  Organic  Life,  may  bring  their  operations  into  harmony  with  the  general  re- 
quirements of  the  system;  the  functions  in  question  being  those  which  conslitntr 
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(«o  to  spealc)  the  meeting-potuta  between  the  Orjrario  and  the  Aoimal  life.     For 

as  we  descend  through  the  Zcmlogical  scale,  we  fiud  thot  they  lose  more  and  more 
of  the  chunictor  they  possess  in  Man,  becoming  more  and  more  exclusively  auto- 
matic,  and  at  last  being  even  tmnRferred  from  the  more  elaborate  mccbatiistn  of 
muscular  contraction,  to  the  simple  operation  of  ciliary  vibration.'  Nearly  6.]] 
those  muscles  in  the  Iluman  body«  which  are  ordioiiriiy  called  into  action  by  the 
Crunio-Spinal  nerves,  arc  cfttuposed  of  siruiUil  fibre ;  the  most  remarkable  ex- 
ception bein<;  the  niuecular  structiire  of  the  Iri.s.  And  it  is  peculiarly  cbarao- 
teristic  of  them,  that  whilst  forcible  and  united  contractions  of  all  the  fasciculi 
at  once,  are  culled-t'ortb  by  irritating  their  nerves,  the  efl'ect  of  direct  stimulation 
is  limited  to  the  fa^iculus  irritated. 

703.  It  is  obvious  from  what  has  preceded,  that  the  syRtom  of  classifying  the 
Musclea  under  the  categories  of  vcfuntitri/  and  i'ni>ol»ntfiin/,  cannot  bo  coiisia- 
tently  loaintuined.  It  is  quite  true  that  all  the  Muscles  of  Organic  Life  may  be 
truly  styled  '  involuntary ;'  for  although  they  are  capable  of  being  influenced  by 
emotignal  and  ideational  states  of  mind  (§  829),  yet  the  Will  cannot  exert  any 
direct  influence  upon  them,  only  affecting  them  indirectly  by  its  power  of  det«r- 
niioing  these  states.  But  over  those  Muscles,  ali^o  niiDiStering  to  the  Organic 
functions,  and  doing  so  in  obedience  to  impuhes  purely  automatic,  which  are 
called  into  action  by  the  Cranio-Spinal  nerves,  the  Will,  as  we  have  sflen,  exerts 
some  power ;  and  such,  therefore,  cannot  be  properly  regarded  as  involunfary, 
Bince  the  Will  can  influence  their  state ;  whilst  they  are  far  frum  being  truly  vol- 
untary, since  the  Will  cannot  cootnil  their  tendency  to  automatic  action  beyond 
a  certain  limited  amount  (§  302).  On  the  other  hand,  every  one  of  the  Muscles 
usually  styled  voUintary,  because  ordinarily  called  into  action  by  the  Will,  is 
liable  to  be  thrown  into  action  involuntarily  ;  either  by  an  Excito-motor  stimulu8| 
as  in  tetanic  coovulstona,  or  by  Consensual  aetion^as  in  tickling,  or  Plmfjtionally, 
as  in  liiughter  or  rage,  or  eimply  Ideational ly,  as  in  eomnanibulism  and  analogous 
states.  Hence  although  there  are  certain  groups  of  muscles  which  are  more 
frequently  acted-on  by  the  Will  than  by  any  other  impulse,  and  certain  others 
which  are  more  frequently  played-on  by  the  Emotions,  and  so-on,  it  becomes 
obvious  that  every  muscle  called  into  contraction  by  the  Cranio-Spinal  nervoua 
system  is  capabla  of  receiving  its  stimulus  to  movement  from  ant/  of  these 
sources;  the  nerve-fi>rce  transmitted  along  the  niotor-fihrea,  being  issued  either 
from  the  Spinal  Cord,  from  the  Sensory  Ganglia,  or  from  the  Cerebrum,  aa  the 
case  may  be,  but  being  in  its  nature  and  effects  the  same  in  every  instance. 

704,  The  grouping  or  combination  of  Muscular  actions,  which  takes  place  in 
almost  every  movement  of  one  part  of  the  body  upon  another,  must  be  attributed, 
not  to  any  peculiar  sympathy  among  the  Muficles  themselves,  but  to  the  mode  in 
which  they  are  acted-on  by  the  Nervous  Centres.  This  is  moat  obviously  the 
case  with  regard  to  those  of  the  primarily  automatic  cla^s;  but  it  can  scarcely  b© 
doubtful  as  to  those  of  the  secondarily-automatic  kind  (§  514),  such  as  walking, 
which,  though  at  first  directed  by  the  Will,  come  by  habit  to  be  performed  under 
conditions  essentially  the  same  with  the  preceding;  and  when  it  is  borne  in 
mind  that  even  in  voluntary  movements  the  Wilt  cannot  single-out  any  one 
muscle  from  the  group  with  which  it  usually  co-operates,  so  as  to  throw  this  info 
separate  cnntraction,  but  is  limited  to  determining  the  result  (§  545),  it  seems 
pretty  obvious  that  even  here  the  grouping  is  effected  by  the  endowments  of 
tbocie  Automatic  centres  from  which  all  the  motor  impulses  immediately  proceed 
to  the  muscles,  and  not  by  Cerebral  agency.  In  fact  the  whole  proccNs  by  which 
we  acquire  the  power  of  adapting  our  muscular  actions  to  the  performance  of 
some  new  kind  of  movement, — as  iti  the  case  of  an  infant  learning  to  walk,  a 

*  Thus  in  the  Oyster  and  other  BiYJilve  Motluska,  which  have  a  complicaied  digestive 
circulating,  and  respiratory  appamtiiii,  fuod  ia  brought  to  the  mouth,  fcDcal  matters  an 
expelled  from  the  anus,  and  &  constttnt  current  of  water  Lb  made  to  sweep  over  tlie  rospir* 
tory  surrace,  entirely  by  ciliarjr  motion. 
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child  learning  to  writej  an  artizan  learning  some  occnparioo  which  reqaTres  m»: 
mitnipul.ttiuDj  a  musical  performer  learning  a  new  instruroent,  and  w  on. — is 
found,  when  attentivfcly  studied,  to  indicate  that  the  Will  is  far  from  hnring  lliat 
direct  and  immediate  control  over  the  contractions  of  the  Muscles,  which  it  ii 
commoiilj  reputed  to  passess;  and  that  the  operation  really  oonsiats  in  the  end- 
ual  establishment  of  a  new  grouptng  of  the  separate  actiooR,  in  virtue  of  wbirh, 
the  stimulus  of  a  Volitional  determination,  acting  under  the  guidance  of  th« 
muscular  sensations  (§  541),  henceforth  calls  into  contraction  the  group  of  mu- 
cles  whose  agency  is  competent  to  carry  that  determination  into  effect.  For  how. 
ever  amenable  any  set  of  mui^clea  (as  those  of  the  arm  and  hand)  may  hare 
become  to  the  direction  of  the  Will,  in  any  operations  which  they  bare  b«n 
previously  accustomed  to  perform,  it  is  only  aflcr  considerable  practice  that  ikej 
caa  be  trained  to  any  method  of  combined  action  which  is  entirely  new  to  than; 
and  even  if  we  attempt  to  bring  our  anatomical  knowledge  into  use  for  *'Uch  i 
purpose,  by  mentally  fixing  upon  certain  muscles  whose  action  we  wish  to  int*D- 
Mfy  and  to  associate  with  those  of  others,  we  find  that  such  a  method  of  prooerd- 
ing  affords  no  assistance  whatever,  but  rather  tends  to  impede  our  progreai,Vy 
drawing-off  the  attention  from  the  '  guiding  sensations  '  (visual,  muscular,  4e.,) 
which  are  the  only  regulators  that  can  be  depended-upon  for  detennining  the 
due  performance  of  the  volitional  mandate. — Hence  we  are  led  by  these  conjid- 
^rations,  as  by  those  stated  in  the  preceding  paragraph,  to  the  conclusion,  ihit 
the  agency  which  directly  affects  the  muscles  is  of  the  same  kiad,  and  thti  k 
operates  under  the  same  instrumental  conditions,  whatever  be  the  primal 
of  the  motor  power.  And  in  watching  the  gradual  acquirement  of  the  caf 
for  different  kinds  of  movement,  during  the  period.?  of  Infancy  and  Childhood  in 
the  Human  subject,  we  find  everything  to  confirm  this  conclusion.  For  it 
becnmes  obvious  that  the  acquirement  of  Voluntary  power  over  the  movetneola 
of  the  ft'mhn,  is  just  na  gradual  as  it  is  over  the  direction  of  the  thought*  f§  677); 
all  the  activity  of  the  fetx/y,  as  well  ap  of  the  tnind^  being  in  the  first  iDaraaee 
automatic;  and  the  Will  progressively  extending  its  domination  over  the  former, 
as  over  the  latter,  until  it  brings  under  its  control  all  those  muscular  movemeots 
which  are  not  iui mediately  required  for  the  couservatioa  of  the  body,  and  Um» 
them  to  its  own  uses.' 

2.    0/  the  Symmetry  and  Harmomy  of  Mutcular  JUavemente. 

795.  It  might  have  been  not  unreasonably  supposed,  d  priori,  that  thoss 

muscles  would  have  been  mast  readily  put  into  simultaneous  contraction,  which 
correspond  to  each  other  on  the  two  sides  of  the  body  j  in  other  words,  thai 
gymmdrical  movements  would  be  those  most  readity  performed.  Such,  however, 
k  by  no  means  the  case ;  for  in  many  of  our  toost  familiar  actions,  wo  con^ento- 
neougly  exert  different  muscles  on  the  two  sides  of  the  body.  Thus,  in  ordinary 
walking,  we  advance  one  leg  whilst  we  push>backwards  (so  as  to  urge  the  bodr 

'  The  aptitude  which  is  acquired  bj  practice,  for  the  performance  of  certain  actioaf  thai 
were  at  first  nccomplli<(hc<l  with  difficuity,  Becms  to  result  as  mach  from  a  stracturml  chaagl 
which  the  coatinual  rcpetiiion  of  them  occHsioDS  in  the  Muscle,  m  in  the  babil  which  tkt 
Nervous  system  ncquirea  of  exciting  the  inovecieDt.  Thus  nliitost  everj  person  learning  %» 
pla;  on  a  musical  iastrument,  fiuds  a  difficultj  in  causing  the  two  shorter  6ogeri!  to  mvn 
independent];  of  oach  other  and  of  the  rest;  thin  is  parti culnrly  the  case  in  regnrd  to  tke 
ring-finger.  Any  one  nmy  satisfy  himself  of  the  difficulty,  hy  laying  the  pulm  of  the  hw4 
flat  on  a  table,  and  raiaiag  one  finger  after  the  other,  when  it  will  be  found,  thai  the  ria^ 
finger  can  scarcely  be  lifted  without  disturbing  the  rest, — evidently  from  the  difficulty  of 
detaching  the  action  of  the  portion  of  the  ezlentor  eommutiii  digilorum,  by  which  ibt 
moTement  is  produced,  from  that  of  the  remainder  of  the  muscle.  Yet  to  the  practised 
musiciiiQ,  the  command  of  the  Will  over  M  the  fingers  becomes  nearly  alike;  aad  it 
can  scarcely  be  doubted  that  some  change  in  the  structure  of  the  muscle,  or  a  new  derel- 

lOpment  of  its  nenre-fibres,  lakes  place,  which  favours  the  isolated  operatjon  of  its  aeTrnl 

I'linsioDa. 
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forwards)  with  the  other ;  aud  in  the  swinging  of  the  arms^  which  is  in  most 
persons  a  Daluml  part  of  this  raoile  of  locomotion,  the  Brins  of  the  two  sides  move 
fitrwanlii  and  huL-kwards  ultcroately,  and  the  ariu  of  cither  side  is  advuneed,  not 
with  the  leg  of  its  own  side,  but  with  that  of  the  opposite  side, — any  otlier  eom- 
liioation  beinj;  felt  as  uanaturul,  ond  being  only  perfnrraed  by  a  conscious  eflfort. 
Now  it  is  plain  thaf.  this  groupinj^  of  the  muscular  movement,  arises  out  of  ils 
frit  confi'rroity  to  the  end  io  view,  and  that  it  is  regulated  by  the  guidinp  Bensa- 
tions  whii-h  indicate  to  us  the  progression  and  balance  of  ihe  bi>dy.  The  infant, 
in  learning  to  walk,  is  prompted  by  an  ini^tinctive  tendency  to  put  one  fnot  be- 
fore the  other,  as  may  he  noticed  at  a  very  early  period,  whou  it  is  first  held  80 
as  to  feel  the  ground  with  its  feet;  and  in  attempting  to  hJance  itself  when  first 
left  to  stand  iilone,  it  moves  its  arms  with  a  like  intuitive  impulse,  not  based 
upoQ  experience.  All  thnt  experience  does,  in  either  case,  is  to  give  that  pre- 
cise adjustment  to  the  muacular  action,  which  makes  it  perfectly  conformable  to 
the  iodicalions  afforded  by  the  muscular  sensations.  Thun,  if  we  iidvanee  each 
arm  with  its  correspondinsf  leg,  we  feel  that  the  balance  of  the  body  is  not  nearly 
as  readily  maintained,  as  it  is  when  we  advance  the  arm  with  the  leg  of  the 
opposite  side ;  and  thus,  without  any  deHigii  or  voluntary  determinatton  on  our 
own  parts,  the  former  eomes  to  be  our  settled  habit  of  action.  This  kind  of 
adjustment,  in  the  case  before  us,  is  by  no  means  limited  to  the  muscles  of  the 
limbs;  for  there  is  scarcely  any  muscle  of  the  trunk  or  head,  that  is  not  exerted 
with  some  degree  of  consentanoous  energy,  however  unconsciously  to  ourselves, 
in  the  act  of  walking.  The  difficulty  which  would  attend  the  voluntary  harmuni- 
satinn  of  all  these  separate  actions  is  remarkably  evinced  by  the  fact,  that  no 
niechunist,  however  ingenious,  has  ever  suceeedcd  in  constructing  an  automuton 
that  could  lf^7^  like  Man;  the  alternate  shifting  of  the  centre  of  gravity  from 
one  side  to  the  other,  upon  so  small  a  base  as  the  human  foot  affords  simultane- 
ously with  the  movement  in  advance,  constituting  the  great  difficulty  of  biped 
progression.  Bat  all  this  adjustment  is  effected  in  our  own  organisms,  fnr  us, 
rather  than  hij  us;  the  act  of  harmonization,  when  once  fully  mastered,  being 
mtiended  with  no  effort  to  ourselves ;  but  the  whole  series  of  complex  movements 
being  performed  in  obedience  to  the  simple  determination  to  tcnlk,  under  the 
automatic  guidance  of  the  senses,  which  instantly  reveal  to  us  any  imperfection 
io  the  performance. — ^The  same  view  extends  itself  readily  to  other  eombinntiotiB 
of  dissimilar  and  non-symmetrical  movements  which  are  less  nahiral  to  Man,  but 
which  may  be  readily  acijuired  artijicialfif  if  they  all  baniinnize  in  a  common  pur- 
pose, and  are  under  the  guidance  of  the  same  set  of  sensations.  Thus,  the  per- 
fornjer  on  the  Organ  uses  the  several  fingers  of  his  two  hands  to  execute  as  many 
different  movements  (in  very  different  positions,  it  may  be)  on  the  '  mauuar  keys, 
one  of  his  feet  may  be  on  the  'swell'  pedai,  and  the  other  may  be  engaged  in 
playing  on  the  '  pedal '  keys ;  but  all  these  diverse  actions  are  harmonized  by 
their  relation  to  the  same  set  of  auditory  sensations;  and  if  the  result  be  not 
that  which  the  performer  anticipated,  an  immediate  correction  is  made. 

796.  It  would  be  easy  to  miiltipiy  instances  of  the  same  kind,  all  illustrative 
of  the  general  principle,  that  the  facility  with  which  we  voluntarily  combine 
different  movements  is  chiefly  determined,  not  by  their  tj/mnntrtral  character, 
but  by  their  confifrmnbkneas  to  a  common  tnJ,  and  by  the  harmony  of  their 
guiding  sensations  with  reference  to  that  end;'  but  it  will  be  desirable  to  dwell 

*  Two  simple  exAmpleii,  however,  maj  be  cited,  of  the  liifGcultj  which  ftttendi  the 
BimnltitDtioua  p«rforiiiHnee  of  movements  that  are  not  bnrmoniuus.  [f  we  mtlempl  to  elerate 
one  eyelid  wbilst  we  are  deprcesing  the  other,  we  find  that  &  coasiderable  effort  is  required 
to  accomplish  the  notion,  nlthouKii  the  elevation  or  depression  of  both  eyelids  together  is 
performed  with  so  little  effort  chat  we  are  ecarcely  codscidub  of  it:  and  the  difficulty  is 
incr«ued,  if  we  hnlf-ghut  both  eyce,  iind  then  try  to  close  one  and  to  open  the  other.  So 
if  we  try  to  more  our  two  biiiidtf,  as  if  they  were  timulutnuiutly  winding'  oord  in  opponU 
dirrelinnt  upon  two  reeU  placed  in  front  of  us,  we  shall  find  ouraelves  unable  to  do  M 
without  a  coa«taat  exercise  of  the  alteuliou,  and  even  then  but  ilowly  and  with  difficulty ; 
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The  mudcles  of  the  pyebnll ;  Ihe  view  is 
taken  from  the  outer  ■Jd«  of  tho  right  orbit, 
1.  A  icnall  rra^inent  of  the  ephcnoid  bono 
nruund  the  entnince  of  the  optio  nerve  into 


optic   Dcrvo.     3.   The 
The  levator  palpebrte 


particularly  on  the  Movemt^nti  o/lhr  E^e^  as  presentinp  certain  points  of  peculinr 
interest,  some  of  which  have  an  important  bearing  on  Surgical  practice. — It  will 
be  recollected  that,  in  the  Hutuan  Orbit,  pix  muscles  for  the  movements  of  the 
eyeball  are  found ;  the  four  Recti,  and  the  two  Oblique  muscles.  The  preciae 
actions  of  these  are  not  easily  established  by  experiment  on  the  lower  animaU;. 
for  in  all  those  which  ordinarily  mainlain  the  horizontal  position,  there  18 
additional  niuw^le,  termed  the  retractor,  which  embraces  the  whole  posterior  p 
tion  of  the  plobe,  and  passes-backwnrds  to  be  attached  to  the  bottom  of  the  orbiU? 
If  the  origin  and  iDseriion  of  the  four  Recti  muscles  be  examined,  however,  nr 

doubt  can  remain  that  eacb  of  them,  act 
ing  Bin^ly,  is  capable  of  causing  the  gloli 
to  revolve  in  its  own  direction^ — the  sof 
rior  rectus  causing  the  pupil  to  turn  af 
Wards, — the  internal  rectus  causing  it 
roll  towards  the  nose,  —  and  so  on.  A 
very  easy  and  direct  application  of  the  laws 
of  mechanics  will  further  make  it  evident 
to  us,  that  the  combined  action  of  any  tiro 
of  the  Recti  muscles  must  cause  the  pupil 
to  turn  in  a  direction  intermediate  be- 
tween the  lines  of  their  sin(;le  action  :  and 
that  any  intermediate  position  may  thuB 
be  given  to  the  eyeball  by  these  muscles 
alone.  This  fact,  which  has  not  receivvd 
the  attention  it  descn'es,  leads  xis  to  prr- 
ceive  that  the  Oblique  muscles  must  have 
some  supplementary  function.  It  may  be 
objected  that  this  is  a  theorcticcJ  state- 
ment only;  and  that  there  may  be  sotM 
practical  obstacle  to  the  perfonnance  of 
diagonal  movements  by  the  Ilecti  mtis- 
cles,  which  renders  tlie  assistance  of  the 
Ubltques  essential  for  this  purpose.  Btil 
to  this  it  may  be  replied,  that  no  timjU 
muscle  can  direct  the  ball  either  downwards 
and  inwards,  or  upwards  and  ootwani»: 
and  that,  as  we  have  good  reason  to  believe 
ikue  movements  to  be  effected  by  the  combination  of  the  Recti  muscles,  there  b  no 
reason  why  the  other  diagonal  inovemeuls  should  not  also  be  due  to  them. — The 
most  probable  account  of  the  functions  of  the  OhUqne  muscles  of  the  eye,  seemfl 
to  he  that  which  was  long  ago  suggested  by  John  Hunter,  and  which  has  received 
coulirmation  from  the  experiments  of  Dr.  G.  Johnson.'  It  has  been  just  shown 
thut  the  actioQ  of  the  Recti   muscles  upon  the  pupil,  is  such  as  to  cause  it  to 

although  the  very  same  moTementa  may  be  teparately  performed,  or  both  baads  maj  b« 
ma<Je  thus  to  aioTe  m  the  name  direction,  with  the  gjeatest  facilitj. 

'  Tliis  muBcle  is  motit  dereloped  in  Riirornating;  anitnals,  which,  during  their  whole 
time  of  feeding,  carry  their  heads  in  a  dependent  position.  In  most  Carniroroae  aninnili 
instead  of  the  complete  hollow  moscular  cone  (the  haee  inelonng  the  eyeball,  whilst  tht 
apex  Burrounds  the  optic  nerve],  which  we  6nd  in  the  Rumioanta,  there  are  four  distiuet 
Btrips,  almost  roBombliDfi;  a  sefiond  set  of  recti  muiiclee,  bnt  deep-seated,  and  inserted  into 
the  posterior  instead  of  the  anterior  portion  of  the  globe.  It  is  obvious  that  the  action*  of 
these  must  greatly  affect  the  regalts  of  any  operations  which  we  may  perform  upon  thi 
other  muscleii  of  the  Orbit;  and,  as  it  is  impossible  to  divide  the  former,  without  com- 
pletely separating  the  eye  from  its  ntt&chmenta,  we  hare  no  means  of  correcting  inch 
re.xults  but  by  reasoning  alone.  Experiments  upon  animals  of  the  order  Qa»draniuttt 
most  nearly  allied  to  Mnn,  would  be  more  tatiafactory ;  aa  in  them,  the  retractor  nnacle 
is  almost  or  entirely  absent. 

•  ••  Cyclopeedia  of  Anatomy  and  Physiology,"  vol.  iii  p.  790. 


the   orbit.     2.    The 
glohc  <>f  the  eye.     4. 

mu»cle.  6.  The  Baporior  oblique  mu«cle. 
6.  It*  csrtilnpnotis  pulley.  7.  Ila  rifOectcd 
tendun.  &■  The  infuriurublique  muscle;  the 
snijdl  square  knob  nt  iL«  ccitutncnccment  t«  a 
piece  of  it«  bony  origin  broken  off.  9.  The 
superior  re«tng.  10.  The  iutcrn&l  rertu?  al- 
most cunceated  by  the  optic  nerve.  II.  Part 
of  the  external  rectus,  ibowing  it^  two  beads 
of  origin.  12.  The  extremity  uf  tho  exterDol 
rectus  at  xtn  ioscrtion  ;  Ibo  icl^'irmediote  por- 
tion of  the  tnuHcle  having  been  removed. 
13.  The  iuforior  rectus.  14.  The  tunica  aU 
buginea,  formed  by  the  expansion  of  the  ten- 
dons of  the  four  recti] 
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^»«w&g  in  any  giveo  direction  :  and  thia  la  put  in  force,  not  merely  to  alter  tbe 
range  of  vision,  the  head  remaining  stationary ;  but  also  to  keep  the  range  of  vision 
the  same,  and  lo  cause  the  images  of  the  objeotaupon  which  our  gaze  ia  fixed,  still 
to  fall  upon  the  same  parts  of  the  retinie,  by  mainlainiTig  the  position  of  the  eyes 
when  the  head  is  moved  upwards,  downwards,  from  side  to  side,  or  in  any  iDtcr- 
mediate  direction  (§  54G}.  But  these  muscles  arc  not  able  to  rotate  the  eyeball 
upon  its  aiitero-poaterior  axis;  and  such  rotation  is  maaifestcdly  necensary  to 
preserve  the  fixed  position  of  the  eyeball,  and  consequently  to  keep  the  imac;e  of 
the  object  under  survey  upon  the  same  part  of  the  retina,  when  the  head  ia 
inclined  sideways,  or  ia  bowed  towards  one  eboulder  and  then  towards  the  other. 
It  appears  from  the  experiments  of  Dr.  G,  Johnson,  that  the  action  of  the 
Oblique  muscles  is  exactly  adapted  to  produce  such  a  rotatiou  :  the  Inferior  oblique 
in  its  contraction,  causing  the  eyeball  to  move  upon  its  antero-posterior  axis,  in  such 
a  manner  that  a  piece  of  paper,  placed  at  the  outer  marpn  of  the  cornea,  passes 
downwards  and  then  inwards  towards  the  nose;  and  the  Superior  oblique  effecting 
precisely  the  reverse  action,  the  paper  at  the  outer  margin  of  the  cornea  passing 
tirst  upwards  and  then  iuwards.  There  was  not  the  slightest  appearance  in  these 
experiments,  of  elevation,  depression,  or  adduction,  of  the  cornea,  as  a  result  of  the 
action  of  the  Oblique  muscles ;  all  these  uioveineota  being  attributable  to  the 
Recti  alone.' 

"97.  On  studying  the  Voluntary  movements  of  the  Eyeballs,  we  are  led  to 
perceive  that  they  are  not  so  much  sf/mmefrual  as  harmoninus  •  that  is  to  say, 
the  corresponding  muscles  on  the  two  sides  are  rarely  in  action  at  once;  whilst 
such  a  haraioay  or  cotisaii  exists  between  the  actions  of  the  muscles  of  the  two 
orbits,  that  they  work  to  one  common  purpose,  namely,  the  direction  of  both  eyes 
tovards  the  n-quired  object.  Thoy  may  be  arranged  under  two  groups;  the  first 
comprising  those  which  are  alike  harmonious  and  Rjmnietrical ;  the  second  in- 
cladjDg  those  wbJeh  are  harmouious  but  not  syrtjuietrieal.  To  the  /int  jjroup 
belong  tbe  following. — L  Both  eyeballs  are  elevated,  by  the  contraction  of  tho 
two  Superior  Recti. — 2.  £o//t  eyeballs  are  dt^prei&ed,  by  tho  conjoint  action  of  the 
Inferiur  Recti  muscles. ^-3.  Both  are  drawn  directly  inwtnhy  or  iiucards  and 
downwards,  as  when  we  look  at  an  object  placed  on  or  near  the  nose;  this  move- 
ment is  effected  by  the  action  of  the  Internal  Recti  of  the  two  sides,  with  or  with- 
out the  Inferior  Recti.  It  is  evidently  symmetrical,  but  niight  seem  at  first  sight 
not  to  he  harmonious,  because  the  eyes  do  not  move  together  towards  one  side  or 
the  other;  it  ie,  however,  really  harmonious,  since  it  directs  their  axes  towards 
the  same  point.' — Now  it  is  to  be  observed,  with  regard  to  these  movements,  that 
we  can  never  effect  them  in  antagonism  with  each  other,  or  with  those  of  other 
muscles.  We  cannot,  for  example,  raise  one  eye  and  depress  the  other;  nor  can 
we  raise  or  depress  oue  eye,  wheu  we  adduot  or  abduct  the  other.  The  explana- 
tion of  this  will  be  found  in  tho  tact,  that  we  can  never,  by  so  doing,  direct  the 
ejes  to  tbe  same  point. — The  harmonious  but  unaymmetrical  movements,  form- 
ing the  second  class,  are  those  in  which  the  Internal  and  External  Recti  of  the 

*  The  Author  has  been  infonned  bj  hi.4  friend  Mr.  Bowmnn,  that  he  has  met  with  two 
eases  of  double  vision,  in  which  the  defect  irua  not  experienced  when  the  head  wiib  held 
erect  or  turned  upon  its  vertical  axis,  but  onlj'  when  it  was  inclined  ta  the  one  ahoolder  nr 
the  other.  Such  u  peculiaritj  Is  readily  eipbiined  on  the  above  hypothesis,  or  hjr  the  Bap- 
position  that  oite  or  both  of  the  ObHine  niusdea  of  one  eye  was  psrulysed,  bo  that  the 
normal  rotntion  vras  not  performed  on  thnt  side. 

*  Some  perBona  can  effect  thisToluntiinlj  to  a  greater  extent  than  others;  but  even  then, 
tbey  can  only  ftcvomptifth  it  by  fixing  the  gaze  upon  some  object  situnted  between  the  eyes ; 
MhJ  o*nnot  call  tho  udductor  muscles  into  cumhiiied  action  in  perfect  darkness,  or  if  the 
lids  be  closed.  Evvn  those  who  have  the  least  power  of  effecting  this  extreme  convergence 
by  »t  once  directing  the  eyea  towards  a  very  near  object,  CRn  ADCompUah  it  hy  iouking  at 
an  object  placed  at  a  moderate  dt»tatioe,  and  gradually  bringing  this  nearer  to  the  ooso, 
keepiikg  tlie  eyes  steadily  fixed  upon  it.  The  unwonted  chnracter  of  the  movement  in 
shown  ill  ihifi, — that  it  ciin  only  be  maintalued,  even  for  a  short  lime,  by  a  strong  elfort, 
producing  a  sense  of  fatigue. 
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sides 


ide  to  act  together,  either  ale 


)r  ID  coDJUDction  with  th«  Bi^ 
perior  and  Inforior  Recti.  They  are  as  follows. — 4.  One  eye  is  made  to  reTol^ 
directly  inwnrrfg,  by  the  action  of  its  Interual  Rectos,  whilst  the  othrr  it  turned 
outvxtrfh  by  the  action  of  its  External  R«ctas. — 5.  Onr  eye  is  made  to  revolve 
u;7ioar<f<  and  inicarJs,  by  the  conjoint  action  of  the  Superior  and  Iatem«l  Recti; 
the  other,  vpwanh  and  outicards,  by  the  conjoint  action  of  the  Superior  and  Ex- 
icrnal  Recti.- — ti.  One  eye  is  made  to  revolve  dotcnwords  &nd  tnifarr/*,  br  the 
conjoint  action  of  the  Inferior  and  Intertial  Recti ;  the  other  JownicarJs  and  fAit- 
fparrfs,  by  the  conjoint  action  of  the  Inferior  and  External  Recti. — In  these 
movements,  tico  different  muscles,  the  External  and  Internal  Recti,  are  c«JI«d 
into  action  on  the  two  sides,  with  or  without  the  superior  and  inferior  Recti;  but 
they  are  so  employed  for  the  purpose  of  directing  the  axes  of  (be  eyes  tovards 
the  same  point;  and  althouprb,  as  just  noticed,  we  can  put  the  two  Internal  Recti 
in  action  together,  we  cannot  voluntarily  cause  the  two  External  Recti  tocontnct 
together,  it  not  being  pu!j!<ible  that  any  object  should  be  in  such  a  position  as  to 
require  this  action  for  the  direction  of  the  axes  of  the  eyes  towards  it. 

798.  The  greater  nunibor  of  the  foregoing  movements  may  be  performed  bb- 
consciously  to  uurticlves,  in  obedience  to  a  Voluntary  determination  to  keep  tbt 
direction  of  the  eyes  fixed,  instead  of  to  give  motion  to  the  eyeballs.  Thus,  if 
we  gaze  steadily  at  an  object  in  front  of  us,  and  then  depress  the  head  forwa: 
on  its  transverse  axis,  the  eyeballs  roll  upwards  upon  their  transverse  axes  (1) 
the  action  of  the  Superior  Recti,  without  our  being  aware  of  it ;  so  if,  whilst  $t 
niuintainiug  the  same  fixed  gaze,  we  raise  the  head  into  the  vortical  positi<^n  aoij 
then  depress  it  backwards,  the  eyeballs  are  rolled  downwards  (2)  by  the  action 
the  Inferior  Recti;  if,  under  the  .same  conditions,  the  Lead  be  made  to  rotate 
its  vertical  axis  from  side  to  side,  the  eyeballs  will  be  made  to  roll  on  their  v 
tical  axes  in  the  contrary  direction,  by  the  External  and  Internal  Recti  (4)  oft 
two  sides  respectively;  s'>,  by  causing  the  head  to  move  obliquely  in  the  opposite 
directions,  the  reverse  oblique  movements  {h  and  6}  of  the  eyeballs  are  made  to 
take-place  by  the  continued  fixation  of  the  vision  upon  the  same  object.  To  the-^ 
we  have  to  add  one  more  action,  which  cannot  beealltd-forth  in  any  other  njt"!'.; 
nainel}',  that  rotation  of  the  two  eyes  upon  their  antero-po?terior  axes,  which 
takes-place  probably  by  the  instrumentality  of  the  Oblique  muscles,  when  we  in- 
cline the  head  to  one  side  or  the  other  hy  rotating  it  upon  ita  an  tern- posterior 
axis  (§  790).  In  all  these  movement-s,  as  in  the  preceding,  the  Will  directs  tb« 
TfsiiU  ;  and  there  is  no  other  dtffereoce  between  them,  than  that  which  arises  out 
of  our  consciousness  of  a  change  in  the  one  case,  and  our  unconsciousness  in  the 
other. — ^The  truly  luvuluotary  movements  of  the  eyeballs,  however,  are  performed 
under  very  different  conditions  ;  there  being  here  no  purposive  direction  or  fixa- 
tion of  the  gaze ;  and  the  muscular  contractions  not  being  determined  by  visual 
sensations,  but  being  called-forth  by  nerve-force  excited  in  some  remote  pwrl.  Of 
this  we  have  an  example  in  the  normal  revolution  of  both  eyes  upwards  and  in- 
wards, which  takes-place  in  the  acts  of  coughing,  sneezing,  winking,  &o. ;  but  far 
more  remarkable  illuhlmtions  are  presented  in  those  uhuormal  movements  of  tb« 
tyeballs,  occurring  in  Convulsive  diseases,  in  which  there  is  neither  barmonv  m^ 
8}nimctry. 

799.  It  has  been  stated  to  be  a  cnndltinn  of  single  and  distinct  vision,  that  the 
umal  ares  of  the  eyes  should  be  directed  towards  the  object,  in  order  that  its 
picture  should  be  thrown  upon  the  parts  of  the  two  retinee  which  are  arrmtomtti 
to  act  together  (§  700);  but  as  this  cannot  take-place  without  the  guidance  of 
visual  sensations,  the  movements  of  the  eyeballs  are  wanting  in  harmony,  wbeo- 
<-ver  the  visual  power  has  bwin  d<ifit'ient  from  birth.  This  is  most  remarkably 
the  c^se,  where  the  deficiency  baa  been  so  complete  that  not  even  light  can  b« 
distinguished ;  but  the  movements  are  frequently  very  far  from  being  hanDO- 
nious,  in  cases  (d*  congenital  cataract,  where  a  considerable  amount  of  light  is  evi- 
dently admitted,  but  where  no  distinct  image  can  be  formed ;  and  in  such 


* 


the  movements  are  most  harmonious  where  the  object  is  bright  or  lominous,  and 
more  vivid  impreasions  are  therefore  made  upon  the  retinae.  It  is  no  objection 
to  this  doftrine  to  saj,  that  persons  who  have  become  blind  may  still  move  their 
eyes  in  a  harmonious  manner;  since,  the  habit  of  the  npsociation  of  particular 
movements  having  bctn  once  acquired,  the  guidance  of  the  muselea  may  be 
effected  by  sensations  derived  from  tbemselveSj.  in  the  innnDer  in  which  it  takes- 
place  in  the  laryngeal  movementa  of  the  deaf  and  dumb  (§  542);  and,  as  a  mat- 
ter of  fact,  a  want  of  consent  may  often  be  observed  where  the  blindness  is  total. 
The  peculiar  'vacant'  appearance,  which  may  be  noticed  in  the  counteuani^ea  of 
persons  completely  deprived  of  sight  by  amaurotic  or  other  afftctitins,  which  do 
not  alter  the  external  aspect  of  the  eyes,  seeraa  to  result  from  this, — that  their 
axes  ate  paralict,  as  if  the  individual  wore  looking  into  distant  space,  instead  of 
presenting  that  slight  convergence  which  must  always  exist  between  them,  when 
the  eyes  are  fixed  upon  a  definite  object.     Thia  convergecco,  which  is  of  course 

Iregulated  by  the  Internal  Recti,  varies  in  degree  according  to  the  distance  of  the 
object;  and  it  is  astonishing  bow  minute  an  alteration  in  the  axes  of  the  eyes  be- 
comes perceptible  to  a  person  observing  them.  For  instance,  A  sees  the  eyes  of 
B  directed  towards  his  face,  but  he  perceives  that  B  is  vot  loo/civi/  at  him ;  he 
knows  thia  by  a  sort  of  intuitive  interpretatitin  of  the  faet,  that  his  face  is  not  the 
point  of  convergence  of  B'a  eyes.  But  if  B,  who  might  have  been  previously 
looking  at  something  nearer  or  more  remote  than  A's  face,  fix  bis  gaze  upon  the 
latter,  so  that  the  degree  of  the  convergence  of  the  axes  is  altered,  without  the 
general  direction  of  the  eyes  being  in  the  least  affected,  the  change  is  at  once  per- 
ceived by  the  person  so  regarded ;  and  the  e^et  of  tlie  two  then  nifet. — It  is  an 
interesting  confirmation  of  the  principles  here  advocsited,  that  when  binocular 

I  vision  cannot  be  obtained  by  directing  the  true  axes  of  the  eyes  towards  the  ob- 
ject, as  happens  when  an  opaque  spot  exists  upon  the  centre  of  the  cornea,  or  au 
artificial  pupil  has  been  formed  at  the  margin  of  the  iris,  there  is  an  automntio 
tendency  to  the  neutralization  of  the  mischief,  by  such  an  action  of  the  muscles 
as  shalt  turn  the  virfuuf  axis  of  the  affected  eye  (that  is,  the  axis  in  which  the 
rays  moat  directly  enter  the  globe)  towards  the  object,  thoa  producing  Strabis- 
mus, but  not  Double  Vision. 

800.  The  physiological  principles  which  have  now  been  stated,  have  an  ira- 
portant  application  in  the  treatment  of  Strabi.<mkK  by  operationj  a  practice  whose 
frequent  want  of  success  is  due  in  great  part  to  the  injudicious  selection  of  cases, 
and  to  the  wrong  measures  pursued. — The  degree  in  wbich  habit  accustoms  parts 
of  the  retinas  that  did  not  originully  correspond,  to  work-together  harmoniously, 
is  remarkably  shown  by  the  fact,  that  patit-nts  who  have  been  long  affected  with 
C  Jnvergent  Strabismus,  and  who  see  equally  well  with  both  eyes  (as  many  do), 
are  not  troubled  with  doable  visii^n.  On  the  other  hand,  when  a  person  whose 
eyes  look  straight  before  him,  is  the  subject  of  a  disorder  which  renders  their  mo- 
tions in  any  degree  irregular,  ho  is  at  once  affected  with  double  vision.  The  same 
baa  been  frequently  noticed  as  an  immediate  result  of  the  successful  operation  for 
the  cure  of  Strabismus,  where  vision  i.s  good  in  both  eyes;  for  although  the 
images  were  previouHly  formed  on  parts  of  the  retinas  which  were  very  ftir  from 
corresponding  with  each  other,  yet  no  sooner  is  the  position  of  the  eyes  rectified 
(so  that  the  relation  between  the  situation  of  the  images  is  the  same  as  it  wnuM 
be  in  a  sound  eye),  than  the  patient  sees  double.  Now  in  these  cases  the  diffi- 
culty  very  speedily  diminishes,  and  the  patient  soon  learns  to  see  single.  That 
there  is  a  f/reater  tendency  to  consent  between  the  images,  however,  when  they 
are  formed  upon  the  parts  of  the  two  rctinse  which  normally  correspond,  ra.iy  be 
freely  admitted :  and  this  seems  to  be  a  principle  of  some  importance  in  deter- 
mining the  re-adjustment  of  the  eyes,  after  the  operation  for  Strabi8mu.s.  This 
re-adjustment  is  not  always  immediate;  for  after  the  muscle  has  been  froclj 
divided,  the  eye  often  remains  somewhat  invert*.'d  for  a  few  days,  graduatiy  ac 
quiring  its  straight  position.     The  Author  has  known  one  case,  in  wLiuh,  u. 
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such  a  degree  of  tenipornrj  ioTcreion  as  seemed  to  render  the  success  of  iKe  ( 
ration  very  doubtful,  eversioa  actually  took-place  for  a  short  time  to  a  ct.nsi4 
able  extent;  after  wfaicb  the  axes  became  parallel,  and  have  remained  eo< 
flioce. — Another  argument  derivable  from  the  results  of  this  operation,  in  Urw 
of  the  consensual  movement  being  chiefly  regulated  by  the  correspODdenee  in  tbe 
Beats  of  the  impressions  on  the  two  rctinic,  is,  tbat  it  is  much  more  succesEfal  in 
those  cases  in  wbioh  the  sight  of  the  most  displaced  eye  is  good,  than  in  ihoMm 
which  (as  not  unfrcquontly  happens  from  lon^  disuse)  it  is  much  impaired.  In 
cues  ot  the  latter  class,  the  cure  is  seldom  complete. ' 

8.   Energy  and  Rapidity  of  Muscular  Contraction. 

801.  The  energy  of  Muscular  contraction  ia  of  course  to  be  most  reinarlcablT 
observed,  in  those  instances  in  which  the  continual  exercise  of  particoJar  puu 
has  occasioned  an  increased  determination  of  blood  towards  tbeiD,  and  in  tout- 
quence  a  permaneot  increase  of  their  bulk  (§  344  III).     This  baa  been  the  em 

*  In  reference  to  this  aubjeot,  the  Author  would  lidd  that  he  ia  well   oonrineed,  ( 
repeated  observation,  that  those  Surgeooa  are  iu  the  right,  who  have  m&intaiQod  tli«t,  j 
large  proportion  of  cases.  Strabismus  ia  caused  bj  an  affection  of  both  seta  of  m 
nerves,  aud  not  of  one  only;  and  that  it  then  requirra,  for  its  perfect  cure,  the  di 

the  corresponding  muscles  on  both  sides.     Cases  will  be  frequently  met-with,  in  m 

is  QvidcDt;  the  two  e^es  being  emplojed  to  nearly  the  same  extent,  and  the  patient  riniic 
to  both  a  slight  inward  direction,  when  desired  to  look  straigbt-forwardB.  In  gntnl. 
however,  one  eye  nsually  looks  atraight-forwarda,  whilst  the  other  is  greatlj  inverted:  ud 
tbe  sight  of  the  inverted  eye  is  frequently  affected  to  a  considerable  degree  by  disnaer  M 
thai,  when  the  patient  voluntarily  rotates  it  upon  its  proper  axis,  his  vision  with  it  itte 
from  being  dibtinot.  Snme  Surgeons  hnvo  muiutaiueJ,  that  the  inverted  eye  is  osuaUrdM 
only  one  in  faalt,  and  consider  that  the  division  of  the  tendon  of  it«  Internal  Rectus  lit 
6cient  for  the  cure.  They  would  even  divide  its  other  tendons,  if  tbe  paralleligm  bal 
restored,  rnthc^r  than  touch  the  other  eye.  The  Author  is  himself  satisfied,  however,! 
the  restriction  of  tbe  abnormal  state  to  a  single  eye,  is  tbe  exception,  and  not  the : 
all  but  very  eligbt  cases  of  Strabismus;  and  to  this  opinion  he  is  led,  both  by  the  i 
ratikin  of  the  mode  in  which  Btrnbismus  first  takes-place,  and  by  the  results  of  the 
tioDti  which  have  come  under  his  notice.  If  the  eyes  of  an  infant  afiTectcd  with  e 
disease  be  watched,  there  will  frequently  be  observed  in  them  very  irreg'jlaT  movs 
the  axes  of  the  two  being  sometimes  extremely  convergent,  and  then  very  dh 
This  irrcgulanty  is  rarely  or  never  seen  to  be  confined  to  one  eye.  Now,  in  a  bun^ 
portion  of  coses  of  Strabiismus,  the  malady  is  a  consequence  of  some  cerebral  affcciiiA 
during  infancy  or  childhood,  which  we  can  scarcely  suppose  to  have  affected  one  eye  o&ly. 
Agaiit.  in  other  instances  we  find  tbe  Strabismus  to  have  resulted  from  the  constant  dirtfr' 
lion  of  the  eyes  to  very  near  objects,  as  in  short-sighted  persons;  and  bere,  too,  the  eaoM 
manifeiitly  alfects  both. — Now  it  is  easy  to  underuiuud  why  one  eye  of  the  patient 
appear  to  be  In  its  natural  position,  whilst  the  other  is  greatly  inverted.  The  catL 
Strabismus  usually  affects  the  two  eyes  somewhat  unequally,  so  that  one  is  much 
inverted  than  the  other.  We  will  call  the  least  inverted  eye  A,  and  the  other  B.  lo  tkl 
ordinary  acts  of  vision,  tbe  patient  will  make  most  use  of  the  least  inverted  eye.  A,  be- 
cause he  can  most  reatlily  look  straight-forwards  or  outwards  with  it ;  but  to  bring  it  im 
the  axis,  or  to  rotate  it  outwards,  necessitates  a  still  more  decided  inversion  of  B.  Ttk 
remains  the  position  of  things, — the  patient  usually  looking  str«igbt  forwards  with  i, 
which  is  the  eye  constantly  employed  for  tbe  purposes  of  vision,— and  frequentlv  alaesl 
burying  the  other  eye  B,  the  vision  in  which  is  of  very  little  use  to  him,  under  the  iaon 
canthus.  When,  therefore,  the  tendon  of  the  internal  rectus  of  B  is  divided  the  retsttn 
position  of  the  two  is  not  entirely  rectified.  Sometimes  it  app'ears  to  be  so  for  a  time*  1 
the  slrabitimus  then  begins  to  return,  and  it  can  only  be  checked  by  division  of  tbe 
of  tbe  other  eye,  A.;  after  which,  the  cure  is  generally  complete  and  permanenc  "  .^^ 
has  not  been  so  in  many  of  the  piitients  on  whom  operations  have  been  perfonDedTST 
Author  attributes,  without  the  slightest  doubt  in  his  own  mind,  to  tbe  neglect  of  tk« 
second  operation.  As  just  now  stated,  the  sight  of  the  most  inverted  eye  ie  freoneatlr 
very  imperfect ;  indeed  it  is  sometimes  impaired  to  such  an  extent,  that  the  patients  ipcsk 
of  it  as  entirely  useless.  That  this  impairment  re.<!alts  in  part  from  disuse  aerelv  sesM 
very  evident,  from  tbe  great  improvement  which  often  succeeds  the  rectification  of  ^ 
axes. — A  valuable  memoir  by  Prof.  Pancuaat,  on  the  'Operation  for  Slrabiamus  '  fonaiti 
on  the  results  of  about  lOOO  cases,  will  be  found  in  tbe  "  Philadelphia  Medical  Examinw" 
vol  vii.,  and  an  abslruct  of  it  in  the  "Brit,  and  For.  Med.-Chir.  Review  "  Julv  I8S1 
p.  2ti2.  ' 
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for  example,  with  persons  who  have  giiined  their  livelihood  by  exhibiting  feats 
of  streogih.  Muuh  will,  of  course,  dopeiid  od  the  nieehanically-advanliigeous 
application  of  muscular  power;  and  in  this  manner,  effects  may  be  produced, 
even  by  persons  of  ordinary  strength,  which  would  not  have  been  thought  credi- 
ble. In  lifting  a  heavy  weight  iu  each  hand,  for  example,  a  person  who  keeps 
hiB  hack  perfectly  rigid,  so  as  to  throw  the  pressure  vertically  upon  the  pelvis, 
and  only  uses  the  powerful  extensors  of  the  thif^h  and  calf,  by  straifihtening  the 
knees  (previously  soraewbat  flexed),  and  bringing  the  lep  to  a  right  angle  with 
the  foot,  will  have  a  great  advantage  over  one  who  uses  hia  lumbar  muscles  for 
the  purpose.  A  still  greater  advantage  will  be  gained  by  throwing  the  weight 
more  directly  upon  the  loins,  by  means  of  a  sort  of  girdle,  shaped  8o  as  to  rest 
upon  the  top  of  the  sacrum  and  the  ridges  of  the  ilia ;  and  by  pressing  with  the 
hand  upon  a  frame,  so  arranged  as  to  bring  the  muscles  of  the  arms  to  the  assist- 
ance of  those  of  the  legs :  in  this  manner,  a  single  Man  of  ordinary  strength  may 
raise  a  weight  of  2000  libs. ;  whilst  few  who  are  uoaccustomed  to  such  exertions, 
can  lift  more  than  300  lbs.  in  the  ordinary  mode.  A  man  of  great  natura. 
strength,  however,  has  been  knnwQ  to  lift  800  lbs.  with  his  bands ;  and  the  same 
individual  performed  severaJ  other  curious  feats  of  strength^  which  seem  deserv- 
ing of  being  here  noticed.  'M.  By  the  strength  of  his  fingers,  he  rolled-up  a 
very  large  and  strong  pewter  dish.  2.  He  broke  several  short  and  strong  pifoea 
of  tobacco-pipe,  with  the  force  of  his  niiddlo-finger,  having  laid  them  on  the  first 
&cd  third  fiuger.  3.  Having  thrust-in  under  his  gorier  the  bowl  of  a  strong 
tobacco-pipe,  his  legs  being  bent,  he  broke  it  to  pieces  by  the  tendons  of  his  bams, 
without  altering  the  bending  of  the  knee.  4,  He  broke  such  another  bowl  be- 
tween his  first  and  second  fingers,  by  pressing  them  together  sideways.  5.  He 
lifted  a  tuble  six  feet  long,  which  had  half  a  hundred-weight  banging  at  the  end 
of  it,  with  bis  teeth,  and  held  it  in  that  position  for  a  considerable  time.  It  is 
true,  the  feet  of  the  table  rested  agaiost  his  knees ;  but  as  the  length  of  the  tuble 
was  much  greater  than  its  height,  that  performance  required  a  great  strength  to 
be  exerted  by  the  muscles  of  hia  loins,  oeok,  and  jtiws.  6.  He  took  an  iron 
kitchen  poker,  about  a  yard  long,  and  three  inches  in  circumference,  and  holding 
it  in  his  right  hand,  be  struck  it  on  bis  hare  left  arm,  between  the  elbow  and  the 
wrist,  till  he  bent  the  poker  nearly  ix>  a  right  angle.  7.  He  took  such  anotlier 
poker,  and,  holding  the  ends  of  it  in  his  hands,  and  the  middle  of  it  against  the 
Dack  of  his  neck,  be  brought  both  ends  of  it  together  before  him  ;  and,  what  was 
yet  more  difficult,  he  pulled  it  straight  again.'"  Ualler  mentions  an  instance  of 
a  man,  who  could  raise  a  weight  of  300  lbs.,  by  the  aetion  of  the  elevator  mus- 
cles of  his  jaw  ;  and  that  of  a  slender  girl,  affected  with  tetanic  spasm,  in  whom 
the  extensor  muscles  of  the  back,  in  the  state  of  tonic  contraction  or  opisthotonos, 
Tcsisted  a  weight  of  800  lbs.,  laid  on  the  abdomen,  with  the  absurd  intention  of 
straightening  the  body. — It  is  to  be  recollected,  that  the  mechanical  application 
of  the  power  developed  by  muscular  contmctinn,  to  the  movement  of  the  body,  is 
very  commonly  disadvantageous  as  regards  force ^  being  designed  to  cause  the 
part  moved  to  pass  over  a  much  greater  sjjace  than  that  through  which  the  muscle 
contracts.  Thus  the  temporal  muscle  is  attached  to  the  lower  jaw;  at  about 
one-third  of  the  distance  between  the  condyle  and  the  incisors  j  so  that  a  shorten- 
ing of  the  muscle  to  the  amount  of  half  an  inch,  will  draw-up  the  front  of  the 
jaw  through  an  inch  and  a  half;  but  a  power  of  900  lbs.,  applied  by  the  muscle, 
would  be  re(|ulred  to  raise  300  lbs.  bearing  on  the  incisors.  In  the  case  of  the 
fore-arm  and  leg,  the  disproportiou  is  much  greater;  the  points,  of  attachment 
of  the  muscles,  by  which  the  knee  and  elbow-joints  are  flexed  and  extended, 
bcin^  much  closer  to  the  fulcrum,  in  oomparison  with  the  distanoe  of  the  points< 
on  which  the  resistance  bears. 

802.  The  rapidity  of  the  changes  of  poeition  of  the  component  particles  of 
muscular  fibres  may,  as  Dr.  Alison  justly  remarks,^  be  estimated,  though  it  can 

*  ••  DesiiguUers'  Philosophy,"  vol.  ii. 

•  "Cyclopaedia  of  .\iiutoajj'  and  fhysiology,"  Art.  "Contractility.' 
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hardly  be  conceived,  from  various  well-known  facts.     The  pulsations  of  the  heiat 
can  sometimes  be  distiuctly  numbered  in  children,  at  more  than  200  in  the 
minute  ;  and  as  such  contraction  of  the  ventricles  occupies  only  half  the  fime  of 
tbe  whole  puliation,  it  raiL<*t  be  accomplished  in  l-400th  of  a  minute,  or  S-SOtbs 
of  a  second.     Again,  it  is  certain  that,  by  the  moveuicnta  of  tbe  tongne  i^^^ 
oth^r  organs  of  speech,  1500  letters  can  be  distinctly  pronounced  by  somepend^^J 
in  a  minute  :  every  one  of  these  muat  require  a  separate  contraction  of  moArahr     ■ 
fibres  ;  tind  the  production  and  cessation  of  each  of  the  sounds,  implies  th«t  each 
sepnrate  contraction  must  be  followed  by  a  relaxation  of  equal  lenjLcth ;  e»ch  coo- 
traction,  therefore,  must  have  been  effected  in  T-3000th  part  of  a  minute,  or  io 
l-50th  of  a  second.     Jialler  calculnted  that,  in  tbe  limbs  of  a  dog  at  full  (poed, 
muscular  contractions  must  take  place  in  less  than  the  l-200th  of  a  seoood,  for 
many  minutes  at  least  in  succession. — AH  these  instances,  however,  are  thr 
into  the  shade  by  those  which  may  be  drawn  from  the  clae^s  of  Insects. 
rapidity  of  the  vibrstiona  of  the  wings  may  be  estimated  frona   the  musical 
which  they  produce;  it  being  easily  ascertained  by  e.x  peri  men  ts,  what  oun 
of  vibrations  are  required  to  produce  any  note  in  the  scale  (§  787).      From  th«t 
data,  it  appears  to  be  the  necessary  result,  that  the  wings  of  many  Insects  strike 
the  air  mnny  hundred  or  even  many  thousand  times   in    every  second. — Tin 
minute  pr(*ci»ion  with  which  tbe  degree  of  muscular  contraction  cau  be  adapted 
to  tbe  dceigOf^d  effect,  is  in  no  imstance  more  remarkable   than  io  the  Glottit. 
Tbe  musical  pitch  of  the  tones  produced  by  it,  is  reguhttod   by  the  defftuj^m 
tension  of  tbe  rhordge  vocolea,  which  are  possessed  of  a  very  considerable  flflp^^l 
of  elasticity  (§  805).     According  to  the  observations  of  JVIiiller,'  the  arenii 
length  of  the.<c,  in  the  male,  in  a  state  of  repose,  is  about  73-lOOths  of  an  inck; 
whilst,  in  tbe  state  of  greatest  tension  it  is  about  OS-lOOths;   the  difference  being 
therefore  20-100th8,  or  onf-ji/th  of  an  inch;   in  the  female  glottis,  the  arcrtge 
dimensions  are  about  Sl-lOOths,  and  CS'lOOths  respectively ;   the  difference  b<iaf 
thus  about  ow-eiyhth  of  an  inch.     Now  the  natural  compass  of  the  voice,  in  mail 
persons  who  have  cultivated  the  vocal  organs,  may  be  stated  at  about  two  octAvei, 
or  24  semitones.     "Within  each  semitone,  a  singer  of  ordinary  capability  could 
produce  at  least  ten  distinct  intervals;  so  that  of  the  total  number,  240  is  a  very 
moderate  estimate.     There  must,  therefore,  be  at  least  240  different  states  of  leti- 
sion  of  the  Vocal  Cords,  every  one  of  which  is  producible  by  the  will,  without  toy 
previous  trial  j  and  the  whole  variation  in  the  length  of  the  cords  being  nol  mow 
than  one-fii'tb  of  an  inch,  even  in  man,  tbe  viiriatiua  required  to  pass  from  one 
interval  to  another,  will  not  be  more  than  l-1200tb  of  an  inch.      And  jet  tiiii 
esttniBtfl  is  much  below  that,  which  might  be  truly  made  from  the  peribrmaoMi 
of  a  practised  vocalist.' 

[It  has  been  thought  by  the  Author,  that  it  would  be  scarcely  accordant  with  the  |>1« 
of  this  work,  aiid  that  it  would  add  needlessly  to  its  bulk,  if  he  were  to  enter  into  thii 
minute  analyais  of  the  various  groups  of  Musculur  actions  concemeil  in  staodiDg,  uttia^ 
walking,  running,  awimmiug,  &c.,  which  tiuuie  writers  have  thought  to  form  aa  c«seatial 
part  of  a  Ph^'siolagicnl  Treatise.  Buch  an  analysia  as  it  appears  to  biro,  lettds  to  oo  pn^ 
tioaUy-imporlaut  result ;  and  the  actions  of  iudividual  niu»clefi,  into  which  theae  compMii* 
groups  are  thus  resolved,  mnst  after  all,  be  separately  studied  in  connection  with  their 
rt^speotive  atiachweuti  and  directions  of  tiuction.  The  subject  of  tbe  locomotion  of  Mu 
bus  been  particularly  inveatigated  by  the  Profrs.  Weber,  whose  work  entitled  "  Mech«iuk 
dtr  racnalich  Gehewerienge,"  (Goltingon,  183C)  has  been  translated  in  Juurdnin's  "Encj- 
cbji^Uio  Auatoniique,"  torn.  ii.  See  ulao  the  Art  'Motion*  by  Mr.  J.  liiiihop,  in  "Cy- 
clop,  of  An  at  and  I'hyflioL,"  vol.  iii.] 


'  "  Elements  of  Physiology,''  baly'a  translation,  p.  1018. 

'  It  Is  said  that  the  celebrated  Mndnme  Mara  was  able  to  soand  100  diflTerent  intentb 
between  each  tone.  Tbe  compass  of  her  voice  was  at  least  three  octaves,  or  21  tonei;  ■ 
that  the  total  number  of  intervala  was  2100,  nil  comprised  within  an  extreme  TMriatina«t 
one-eighth  of  an  inch  ;  so  that  it  might  be  said  that  she  was  able  to  determine  the  ooam^ 
lions  of  her  vooal  mueoles  to  nearly  the  teomtfen-thouatmdth  of  an  inch. 
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CHAPTER  XIY. 

OP    THE    VOICE    AND    SPEECH. 

1. —  Of  the  Lari^nx.,  and  its  Actions. 

803.  The  aounds  produced  by  the  organ  of  Voice  constitute  the  most  itnport«nt 
means  of  communication  between  Man  and  hia  fellows  (§  C13);  and  the  power 
of  Speech  has,  therefore,  a  primary  influence,  as  well  on  hia  physical  condition, 
aa  on  the  devetopmeut  of  hisi  mental  faculties.  It  ia  neccHHary  to  bear  in  mind, 
that  Yocal  sounds,  and  Speech  or  articulate  Language,  are  two  things  entirely 
different;  and  that  the  former  may  bo  produced  in  great  perfection,  where  there 
ia  no  capability  for  the  latter.  Hence  we  migEit  at  once  infer,  that  the  instru- 
naent  for  the  production  of  vocal  sounds  is  distinct  from  that  by  which  these 
sounds  are  modified  into  articulate  speech;;  and  this  we  easily  discover  to  be  the 
csase,  the  voice  being  unquestionably  produced  in  the  larynx^  whilst  the  modifica- 
tioDB  of  it  by  which  lanf^uaj^e  is  forced,  arc  ejected  for  the  moet  part  in  the  oral 
cavify. — The  structure  and  functions  of  the  former,  then,  first  claim  our  attention. 

804.  It  will  he  remembered  that  the  Trachea  is  Burmounted  by  a  stout  carti- 
laginous annulus,  terraed  the  CriroiJ  cartilage  (Figs.  187,  188,  AB,  and  Fig.  ISO, 
r  M  X  u))i  which  serves  as  a  foundation  for  the  superjacent  mechaniam.  This  ia 
embraced  (as  it  were)  by  the  Thtfroid  (Fig.  187,  E  c  G>  Y'\^.  188,  a  E  u), 
which  is  articulated  to  ita  sides  by  the  lower  boms  (Figs.  187,  188,  o),  round  iho 

Fio.  186. 


V.  «»ii# 


0-   ^ 


iP^. 


MedUo  Section  ot  Sfouth,  JVow,  Pharynr,  and  Larynx: — ii,  leptnm  of  none;  b<»1ow  it,  iw- 
tion  of  bard  palate;  b,  tongue;  e,  occtiun  ofve'Iain  pendalutn  palnti ;  d,  rf,  lips;  m,  uvulii;  r. 
anterior  arch  or  pillar  of  fauces ;  i",  pontorior  arrh  ;  t,  toiisil ;  ;>,  pharynx;  h,  byoid  bone; 
k,  thjrnid  cartilage  ;  n,  cricoid  cnrlilnge  ;  t.  epiglotlii;  r,  glottin;  1,  posterior  oponiug  of 
o»res;  3,  istbmai  faueium  ,-  4,  superiur  opening  of  larynx  ;  6,  paiaage  Into  (Eaopbagaa;  6. 
month  ofrigbt  ■ustaebinn  tube. 
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Fio.  187.  y**-  '»«• 


Fia.  189. 


Bxlerniil  untl  Sectional  Ti^w«  of  th«  Larynx; — A  n  »,  tlie  cricoid  cartiln^  ;  K  CO,  th«l!lf> 
md  cAnilngc;  g,  it»  upper  born;  c,  lU  lower  horn,  where  it  ii  arlicuUt«d  wUh  lb«  efi«ol4; 
r,  ihe  uryU'nijid  cmrtilage  ;  ft  T,  the  vocal  lignment;  A  K,  crico-thyroiJeu*  niuvele;  r«% 
tUyro-nrytciioidcan  muscle;  X  t,  crieo-irjtcnoiUeu»  liiter«lif  ;  #,  trnmsverse  ♦ection  of  »rtt»- 
noideiia  tninsrersiu  :  m  n,  «pAcc  between  Ihjrold  Mid  ericoid ;  B  L,  proje«tioa  of  axU  of  ti^ 
oaUtiun  uf  arytenoid  with  thyroid. 

extremities  of  which  it  may  be  regsnied  h 
turninjr,  as  on  a  pivot.  In  this  manner,  the 
lower  front  border  of  the  ThN-roid  cartiluB, 
which  is  ordinarily  separated  by  %  stniUn* 
terval  (Figs.  1S7,  IHS,  m  n)  from  tbti  up- 
per margin  of  the  Cricoid,  may  be  iu«il«  to 
approach  it  or  to  recede  from  it ;  as  anj  ODt 
may  easily  ascertain,  by  placing  hit  iapx 
against  the  little  depreasion  which  maybe 
readily  iclt  externally,  and  observing  its 
changes  of  eixe,  whilst  a  rarg^e  of  difTeresI 
tones  is  snuDded;  for  it  will  then  be  noticed 
that,  the  higher  the  note,  the  njore  the  two 
cartilages  are  made  to  approximate,  whilst 
they  separate  in  proportion  to  the  depth  of 
the  tones.'  Upon  the  upper  f>urface  of  tin 
back  of  the  Cricoid,  are  seated  the  two  small 
^ ry/rno jW  cartilages  (Fig».  186,  188,  1  f)\ 
these  are  fixed  in  one  direction  by  ■  bnn^e 
of  strong  ligaments,  which  tie  them  to  Um 
back  of  the  cricoid;  but  they  hare  aooM 
power  of  moving  in  other  directions,  apijo  i 
kind  of  articulating  surface.  The  dircctioo 
of  the  surface,  and  the  mode  in  which  ib«« 
cartilages  are  otherwise  attached,  cauM«  tlictf 
niavcnient  to  be  a  sort  of  rotation  in  a  plui^ 
which  is  nearly  hnrisontal  but  partly  dow»» 
wards  ;  so  that  their  verticsil  planes  may  b« 
made  to  separate  from  each  other,  and  rt 
the  same  time  to  assume  a  slanting;  patitM. 
'  In  making  tM»  obsermtinn,  it  ii  neeesjory  to  put  oat  of  f'wm  the  yrenwnU  aoTWNil 
of  the  LarjDK  itaclf,  vLich  the  finger  must  be  made  to  follow  up  lujvl  Juwn. 


Bird'i'«je  riew  of  Larytiut  from  above : 
— >0  B  R,  the  ibjrroid  osrtilajEre,  ninhrncing 
the  rtD^of  (he  cricoid  rii  x  ir,  aiiii  turning 
ttprn  the  nxifl  x  s,  which  paucr  through 
Iho  l(iwe>r  burns,  c,  Pig.  180  ;  S  p,  N  f,  the 
arytenoid  cnrtilnge*,  <3onn«oled  by  theary- 
tenifklfu.^  tranfversua  ;  t  t,  t  v,  the  vocal 
lijfmnenta;  »  i,  the  right  crico-arytenoi- 
deuii  UteraU*  (tb«  led  beiog  removed  ;  t  k 
/,  the  led  ibyro-arytenoideus  (the  right 
bring  retcoved) ;  n  I,  n  I,  the  erico-aryt*- 
noidei  postici;  n  B,  the  crico-aryteDoid  lig- 
aments. 
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This  change  of  place  will  be  better  understood,  when  the  action  of  the  mnsdea 
19  described.  To  tbe  summit  of  ibc  Arytenoid  cartilages  are  attached  the  chonfie 
vocaffjt  or  Vocal  Ligaments  (Fig.  186,  e  f,  Fig.  ISlS,  t  v),  which  stretob-aoross 
to  the  fruut  of  the  Thyroid  cartlbiire;  aud  it  is  upon  the  conditioD  and  relative 
eituatioQ  of  these  ligatueDts,  that  their  nction  depends.  It  is  evident,  that  they 
niay  be  rendered  more  or  less  tense,  by  the  movement  of  the  Thyroid  cartilajre 
just  described;  being  tightened  by  the  depression  of  its  front  upon  the  Cricoid 
curtilage,  and  slackened  by  itii  elevation.  On  the  other  hand,  they  may  be 
brought  into  more  or  lfs»  close  apposition,  by  the  movement  of  the  Arytenoid 
cartilages;  being  made  to  approximate  nearly,  or  to  recede  in  such  a  manner  as 
to  cauae  the  rima  glottidis  to  assume  the  form  of  a  narrow  V,  by  tbe  revolution 
of  thei?e  cartilages. — We  shall  now  inijuire  into  the  actions  of  the  muscles  upon 
the  several  parts  of  this  apparatus;  and  tirst  into  those  of  the  laryni  alone. 

805.  The  depression  of  tbe  front  of  the  Thyroid  cartilage,  and  the  con^iequcnt 
tention  of  the  Vocal  Ligaments,  is  occasioned  by  the  conjoint  action  of  the  (Vico- 
thjfroiffei  (Fig.  188,  A  k)  on  both  sides;  and  the  chief  antagonists  to  tbes^  are 
the  Thyro-arylenoi'dei  (Fig.  187,  F  m,  Fig.  189,  V  Ar/),  which  draw  the  front 
of  tbe  thyroid  back  towards  the  arytenoid  cartilages,  and  thus  re/nx  the  vocal 
ligaments.  These  two  pairs  of  muscles  may  bo  regarded  as  the  priucipul  governors 
of  the  pt'trk  of  the  notes,  which,  as  we  ehal]  bereufter  see,  is  almost  entirely  regu- 
hiU^id  by  the  tension  of  the  ligaments;  their  action  is  assisted,  however,  by  that 
of  other  muscles  presently  to  be  mentioned. — The  arytenoid  cartilages  are  made 
to  diverge  from  each  other,  by  means  of  the  Crico-artftenoidei  pottici  (Fig.  189, 

Fia.  IBO. 
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Part  of  Fig.  188  enlarged,  to  ihow  the  Direction  of  the  Muieular  Foreei  whicb  act  on  the 
Arytenoid  curtilage  :—ii  V  B,  the  right  Arytenoid  cartilage;  t  t,  iu  rncal  lignmcnt;  ■  r  s, 
bundle  or  ligameoli  uniting  it  to  Cricoid;  o  p,  prrijection  orits  axiiof  ■rticolniiuti ;  h  g,  direc- 
tion of  the  action  of  the  Thyro-arylenoldeus;  s  x,  direction  of  CriBo-arTtenoideun  lateraliii 
■  w,  direction  of  Crico-arytcnoidcoa  posticus;  x  t,  direction  of  Arytenoideas  tranarenae. 

K  0  of  tbe  two  sides,  which  proceed  froni  their  outer  comers,  and  turn  BOmewhal 
round  the  edge  of  the  Cricoid,  to  be  attached  to  the  lower  part  of  its  haek  ;  their 
action  is  to  draw  the  outer  corners  backwards  and  downwards,  so  that  tbe  points 
to  which  the  vocal  ligaments  arc  attached  are  separated  from  one  another,  and  the 
rima  glottidis  is  thrown  npfn.  This  will  be  at  once  seen  frotn  the  preceding  dia- 
(TTsm,  in  which  the  direction  of  traction  of  the  several  muscles  is  lutd-down. — The 
action  of  these  muscles  is  parrly  antagoni.sed  by  that  of  the  Vrico-arytrvouiri  /'tie- 
ralr$  (Fig.  189,  N  x"),  which  run  forwards  and  downwards  from  the  outer  corners 
of  the  Arytenoid  cartilages,  and  whose  contraction  tends  to  brujg  their  anterioi 


720  Oy    THE    VOICE    AMD    SPEECH. 

points  into  the  same  8traigbt  line,  deprci^ing  them  at  the  same  UmCt  to  »  ibos 
to  ch$e  the  glottis.  ThcBi?  inusclefl  are  assisted  bj  the  Aryienoidru*  fnniMcmu 
(Fig.  189),  which  connects  the  posterior  faces  of  the  Arytenoid  cartilaga,  ami 
ivhich,  by  its  contraetioB,  draws  thorn  together.  By  the  conjoint  action,  ihert- 
fure,  of  the  Crico-arytenoidei  laterales  and  of  the  Arytenoideus  tracBrerraa,  like 
whole  of  the  adjacent  fucea  of  the  Arytenoid  curtilages  will  be  opprciximated,  ttd 
the  pointa  to  which  the  vocal  ligaments  are  attached  will  be  depressed. — But  if 
the  ArytenoiJeas  be  put  in  action  in  conjunction  with  the  Crico-arytenoidei  po#- 
tici,  the  tendency  of  the  latter  to  separate  the  Arytenoid  cartilages  being  antag^' 
nised  by  the  former,  its  backward  action  only  will  be  exerted  ;  and  thus  itmaj  be 
lused  to  aid  the  Crico-thyroidci  in  rendering  tense  the  vocal  ligaments.  Thii 
stion  will  be  further  assisted  by  the  Stcmrhthyroidti,  which  tend  to  depress  tbe 
Thyroid  cjartilage,  by  pulling  from  a  fixed  point  below ;'  and  tbe  Tht/To-Ky<»dn 
will  be  tbe  antagonist  of  these,  when  they  act  from  a  6xed  point  above,  the  Os 
Hyoides  being  secured  by  the  opposing  contraction  of  several  other  muscles.— Tbe 
respective  actions  of  these  muscles  will  be  best  comprehended  by  the  follomog 
Table. 

Govern,  the  pitch  of  thf  note*. 

>  (  rE.co-TnTKn,nE.  1  (  Depress  the  front  of  the  Thyroid  cartil^gt » tht 

^  '■  'I      bytheArjtpnoirteusandCrico-iirTtenoideipotda 

i.  5  Ththo-Abytenoidei  1  I  ^^7"**'  ^^  ^''^"-f  \*'*'  "^^yroxj «kn«ge,«rf*w 

I  )  Tu«o-Uyoidbi  r 1  ti'^ttrdfl  ihe  Arytenoids,  rtlaxmg  the  vocal  bgk- 

¥  '  I      taenia.  

Govern  the  Aperture  of  (he  Glotttg. 

>  Caico-ABTrxNOiDEi  Postjci Open  the  Glottia. 

I 

« 

2.  f  Crico-Auytenoidki  tATKRALES  1  f  PresH  toijetlier  the  inner  edgvs  of  1 

^  \  AiiYTENOiDEUs  TaAKsvBKSUB      J  \      teDOtd  cnrlilftges,  and  clost  the  GlotU. 

806.  The  muscles  which  stretch  or  relax  the  Vocal  ligaments,  are  entirfl? 
concerned  in  the  production  of  Voice;  those  which  govern  the  aperture  of  th« 
Glottis  have  important  functions  in  connection  with  the  Respiratory  actions  in 
general,  and  stand  as  guards  (so  to  speak)  at  the  entrance  to  the  lungs.  Tbe» 
separate  actions  are  easily  made  evident.  In  the  ordinary  condition  of  rat,  it 
seems  probable  that  the  Arytenoid  cartilages  are  coneiderably  separated  fi«m 
each  other;  eo  as  to  cause  a  wide  opening  to  intervene  between  their  inner  Ckc9, 
and  between  the  vocal  ligaments,  through  which  the  air  freely  passes;  and  thf 
vocal  ligaments  are  at  the  same  time  in  a  state  of  complete  relaxation. — ^We  caa 
close  the  aperture  of  the  Glottis  by  an  exertion  of  the  will,  daring  either  inspirv 
tion  or  expiration  ;  and  its  closure  by  an  automatic  impulse  forms  part  of  theacu 
of  Coughing  and  Sneezing  (§  306),  besides  giving-rise  to  those  more  prnlongwi 
impediments  to  the  ingress  and  egress  of  air,  which  have  been  already  noticed  w 
resulting  from  disordered  states  of  the  Nervous  system  (§§  720,  7*24).  With 
these  actions,  the  muscles  which  regulate  the  tension  of  the  vocal  iignrrn»nt?h8»t 
nothing  to  do ;  and  we  have  seen  thfit  they  are  performed  by  the  inst 
of  the  Pneumogastrio  or  proper  Respirator)'  nerve  (§§  303,  304).  A  t-i; 
nation  of  the  recent  Larynx  is  sufficient  to  make  it  evident,  that,  when  once 
borders  of  the  rima  glotttdis  are  brought -together  by  muscular  action,  the 
of  strong  aerial  pressure  on  either  side  (whether  produced  by  an  expulsory  bltfl 
from  below,  or  by  a  strong  inspiratory  effort,  occiisioning  a  partial  vacuum  bdi 
and  consequently  an  increased  pressure  above),  will  be  to  force  tbem  into  d< 

*  These  nre  not  u?n(il1y  reckoned  among  the  principal  musLlea  concerned  in  r«pn!»ll 
the  Toice;  but  that  Ihey  are  ro,  any  ime   mny  convince  himself  by  plnciui;  hi*  liiigrrj 
above  the  flternutn,  wiiil^t  he  is  sounding  high  notes ;  a  etrong  fe«ling  of  muscular  I 
Lh  then  at  otioe  perceiTed. 
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apposition. — In  order  to  produce  a  Vocal  sound,  it  is  not  sufficient  to  put  tbe 
ligomenta  into  astute  of  tension  j  they  must  also  be  brought  nearer  to  each  other. 
That  the  aperture  of  the  plottis  is  greatly  narrowed  during  the  production  of 
sounds,  Ja  easiJj  made  evident  to  oneVself,  bj  coniparinfi  tbe  time  occupied  by  un 
ordinary  expiration^  with  that  recjuired  for  the  passage  of  the  same  quantity  of  air 
during  the  sustenance  of  a  vocal  tone.  Further,  the  size  of  the  aperture  is  made 
to  vary  in  accordance  with  the  note  whioh  is  beinoj  produced  ;  of  this,  too,  any 
one  may  convince  himself,  by  comparing  the  times  during  which  he  can  hold-out 
a  low  and  a  high  note ;  from  which  it  will  appear,  that  the  aperture  of  the  glottis 
is  BO  much  narrowed  in  producing  a  high  note,  as  to  permit  a  far  less  rapid  pas- 
Uge  of  air  than  is  allowed  when  a  low  one  is  sounded.  This  adjustment  of  the 
aperture  to  the  tension  of  the  vocal  ligaments,  ia  a  necessary  condition  for  tbe 
production  of  a  clear  and  definite  tone.  It  farther  appears  that,  in  the  narrowing 
of  the  glottis  which  is  requisite  to  brinp  the  vocid  ligaments  into  the  necessary 
approximation,,  the  upper  points  of  the  Arytenoid  cartilngcs  are  caused  to  approxi- 
mate, not  only  by  being  made  to  rotnte  horizontally  towards  each  other,  but  also 
by  a  degree  of  elevation;  so  that  the  inner  fiices  of  the  vocal  ligaments  are 
brought  into  parallelism  with  each  other, — a  condition  which  may  be  experimen- 
tally shown  to  be  necessary  for  their  being  thrown  into  sonorous  vibration  (§  810). 
The  muscular  movements  concerned  in  the  act  of  vocalization,  appear  to  be  called- 
forth  by  the  instrumentality  of  the  fibres  of  the  Spinal  Accessory  nerve  which  are 
COntaioed  in  the  Pneuniopastric  (§  498). 

^07.  We  have  now  to  inquire  what  is  thfl  operation  of  the  Vocal  LiprJnients  in 
tbe  production  of  aound.s;  and  in  order  to  comprehend  this,  it  ■■a  necessary  to 
advert  to  tbe  conditions  under  which  tones  are  produced  by  instruments  of  vanous 
descriplinus  having  some  analopy  with  the  Larynx.  These  are  chiefly  of  three 
kinds  ;  strings,  flute-pipes,  and  reeds  or  tongues. — The  Vocal  Ligaments  were 
long  ago  compared  by  Fera-in  to  vibrating  strhtijs;  and  at  first  sipbt  there  might 
aeem  a  considerable  analogy,  the  sounds  which  both  produce  being  elevated  by 
increased  tension.  This  resemblance  disappears,  however,  on  more  accurate 
comparison  J  for  it  may  be  easily  ascertained  by  experiment,  that  no  string  so 
short  as  tbe  vocal  ligaments  could  give  a  clear  tone,  at  all  to  be  compared  in  depth 
with  that  of  the  lowest  notes  of  the  human  voice;  and  also,  that  the  scalo  of 
changes  produced  by  increased  tension  ia  fundamentally  different.  When  strings 
of  the  game  length,  but  ordifl"erent  tensions,  are  made  tbe  subject  of  comparison, 
H  is  found  thiit  the  number  of  vibriitions  is  in  proportion  to  the  square-roots  of 
the.  extend ioj^  forces.  Thus,  if  a  string  extended  by  a  given  weight  produce  a 
certain  note,  a  string  extended  by  four  times  that  weight  will  give  a  note  in 
which  the  vibrations  are  twice  as  rapid ;  and  this  will  be  the  octave  of  the  other. 
If  nine  times  tbe  original  weipht  be  empli>yed,  the  vibrationa  will  be  three  times 
aa  rapid  as  those  of  the  fuitdumental  note,  producing  the  twelfth  above  it.  Now 
by  fixing  the  larynx  iu  f^uch  a  manner  that  the  vocal  ligaments  can  be  extended 
by  a  known  weight,  Miiller  has  nscertaiiicd  that  the  Bounds  produced  by  a  varia- 
tion of  the  extending  force  do  not  fnllnw  the  same  ratio;  and  therefore  the  con- 
dition of  these  ligauient^^  cannot  be  simply  that  of  vibrating  cords.  Further, 
although  a  cord  of  a  certain  length,  which  is  adapted  to  give-out  a  clear  and  dis- 
tinct note,  equal  in  depth  to  the  lowest  of  the  human  voice,  may  be  made  by  in- 
creased tension  to  produce  all  the  superior  Dotea  (which,  in  Ftringed  iii?truments, 
are  ordinarily  obtained  by  shortening  the  strings),  it  does  not  folhvw  that  a  short 
string,  which,  with  moderate  tension,  naturall}-  produces  a  high  note,  should  be 
able,  by  a  diminution  of  the  tension,  to  give-out  a  deep  one;  for,  although  this 
might  be  theoretically  possible,  yet  it  cannot  be  accomplished  in  practice  ;  since 
the  vibrations  become  irregular  on  account  of  the  diminuthed  elasticity.'     These 

'  ThoB  it  would  b«  impossible  to  produce  good  Bass  notes  on  the  strings  of  a  Violin,  b\ 
tiimtnishing  their  tension ;  th(<  length  afforded  by  tbe  ViotiDcello  or  Double  Ban  ia  r«- 
quisitc. 
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cODsiderations  arc  in  theniselvefl  sufficient  to  destroy  the  ffopposed  aonlogj ;  and 
to  prove  that  the  ChordsB  Yocales  cancot  be  redac«d  to  Ibe  lame  category  wiU|] 
ribratiog  strings. 

808.  The  next  kind  of  instratnent  with  which  some  analogy  might  be  ms- 
pected,  is  the  Jiute-pipey  in  which  the  sound  is  produced  by  the  vibration  of  an 
elastic  column  of  air  contained  in  the  tube;  and  the  pitch  of  the  note  is  deter- 
mined almost  entirely  by  the  length  of  the  column,  aUtioutrh  slightly  modified  by 
its  diameter,  and  by  the  nature  of  the  embouchure  or  mouth  from  which  it  issues. 
This  is  exemplified  in  the  German  Flute,  and  in  the  Enplish  Flute  or  Flapedetj 
in  both  of  which  instruments,  the  acting  length  of  the  pipe  is  detennineti  by  ti 
interval  between  the  embouchure  and  the  nearest  of  the  side-apertures ;  by  opeO' 
ing  or  closing  which,  therefore,  a  modification  of  the  tone  is  produced.  In  the 
Organ,  of  which  the  greater  number  of  pipes  are  constructed  upon  this  plan. 
there  is  a  distinct  pipe  for  every  note ;  and  their  length  increases  in  a  regular 
scale.  It  is,  in  fact,  with  flutc-pipef>  as  with  strings, — that  a  diniinutioo  in 
longth  causes  an  increase  in  the  number  of  vibrations,  in  a  simply-inverse  propor- 
tion ;  so  that  of  two  pipes,  one  being  half  the  length  of  the  other,  the  shorter 
will  give  a  tone  which  is  the  octave  above  the  other,  the  vibrations  of  its  column 
of  air  being  twice  as  rapid.  Now,  there  is  nothing  in  the  form  or  dimensions  of 
the  column  of  air  between  the  larynx  and  the  mouth,  which  can  be  conceived  to 
render  it  at  all  capable  of  such  vtbrattons  as  are  required  to  produce  the  tones  of 
the  Human  voice ;  though  there  is  some  doubt,  whether  it  be  not  the  agent  in 
tb«  musical  tones  of  certain  Birds,  The  leugtb  that  would  he  required  io  an 
open  pipe  to  give  the  lowest  G  of  the  ordinary  bass  voice,  is  nearly  six  feet ;  and 
the  conditions  necessary  to  produce  the  higher  notes  from  it,  are  by  no  meaitf 
those  which  we  find  to  exist  in  the  process  of  modulating  the  human  voice.         ^m 

809.  We  DOW  come  to  the  third  class  of  instruments,  in  which  sound  ia  prow^H 
duced  by  the  vibration  uf  reeds  or  tnnyves;  these  may  either  possess  elasticity  in  "^ 
themselves,  or  be  made  elnstic  by  tension.  The  'free*  reeds  of  the  Acc»:>rvieon, 
Concertina,  Scraphine,  Harmonium,  &c.,  are  examples  of  instruments  of  this 
character,  in  which  the  lamina  vibrates  in  a  sort  of  frame  that  allows  the  air  to 
paM-out  on  all  sides  of  it  through  a  narrow  channel,  thus  increasing  the  stren^rth 
of  the  blast;  whilst  in  the  IJautboy,  Bassoon,  &c-,  and  in  the  Organ-pipes  of 
similar  canstruciion,  the  reed  covers  an  aperture  at  the  side  of  one  end  of  a  pipe. 
In  the  farmer  kind,  the  sound  is  produced  by  the  \ibration  of  the  tongue  alone, 
and  ia  regulated  entirely  by  its  length  and  elasticity;  whilst  in  the  latter,  iu 
pitch  is  dependent  upon  this,  conjointly  with  the  length  of  the  tube,  the  culuma 
of  air  contained  in  whteh  is  thrown  into  sitnultaneous  vibration.  Some  interest- 
ing researches  on  the  effect  produced  on  the  pitch  of  a  sound  given  by  a  reed 
through  the  union  of  it  with  a  tube,  have  been  made  by  M.  W.  Weber;  and,  u 
tbey  arc  important  in  furnishing  data  by  whteh  the  real  nature  of  the  vocal  organ 
may  be  determined,  their  chief  results  will  be  here  given. — I.  The  pitch  of  a  rt;«'d 
may  be  lowered,  but  cannot  be  raised,  by  joining  it  to  a  rube.  ll.  The  sinking 
of  the  pitch  of  the  reed  thus  produced,  is  at  the  utmost  not  more  than  an  octaTc. 
in.  The  fundamental  note  of  the  reed  thus  lowered,  may  be  raised  again  to  iti 
original  pitch,  by  a  further  lengthening  of  the  tube ;  whilst  by  a  further  iocreaae 
it  is  again  lowered,  iv.  The  length  of  tube  neces.sary  to  lower  the  pitch  of  the 
instrument  to  any  given  point,  depends  on  the  relation  which  exists  between  the 
frequency  of  the  vibrations  of  the  tongue  of  the  reed,  and  those  of  the  c<»Iumn 
air  in  tht  tube,  each  taken  separately. — From  these  data,  and  from  thoee  of 
preceding  parngrnph,  it  follows  that,  if  a  wind-instrument  can,  by  the  prulonga- 
tion  of  its  tube,  be  made  to  yieJd  tones  of  any  depth  in  proportion  to  the  length 
of  the  tube,  it  must  be  regarded  as  a  flute-pipe;  whilst  if  its  pitch  ran  only  b« 
lowered  an  octave  or  less  (the  embouchure  remaining  the  same)  by  lengtheninjf 
the  tube,  we  muy  bo  certain  that  it  is  a  reed  instrument.  The  latter  prcvM  to 
be  the  case  in  regard  to  the  Larynx. 
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810-  It  ifl  evident  from  the  foipgoinp  wiosiderations,  that  the  nction  of  the 
Larynx  has  more  analogy  to  that  of  reai  inetrumcnts,  than  it  hiis  to  that  either  of 
vibrating  ttrivgn  or  ofjiute  pipes;  and  though  there  would  seem,  at  6rst  sight,  to 
be  a  marked  differonco  in  character  between  tho  vocal  tigamentB  and  the  tongue 
of  any  reed  instrament,  this  dilTerenee  is  really  bj  no  means  considerable.  In  a 
reed,  elnsticity  ia  a  property  of  the  tongue  itself,  when  fixed  at  one  cad^  the  other 
vibrating  freely;  but  by  a  membranous  lunTtnn,  fixed  in  the  same  manner,  no 
tone  would  be  produced.  If  such  a  latiiina,  however,  be  made  elastic  by  a  mode- 
rate degree  of  tension,  and  be  fixed  in  such  a  manner  &8  to  be  advantageously 
acted-oQ  by  a  current  of  air,  it  wit)  give  a  distinct  tone.  It  is  obi«crvcd  by  Miiller, 
that  membranous  tongues  made  elastic  by  tension,  may  have  either  of  three  dif- 
ferent forms. — I.  That  of  a  band  extended  by  a  cord,  and  included  between  two 
firm  plates,  so  that  there  is  a  cleft  for  the  passage  of  air  on  each  side  of  the  tongue. 
II.  The  elastic  membrane  may  be  etretehed  over  the  half  or  any  portion  of  the 
end  of  a  short  tube^  the  other  part  being  occupied  by  a  solid  plate,  between  which 
and  the  elastic  membrane  a  nnrrow  tissure  is  left.  iii.  Two  elastic  membranes 
may  be  extended  across  the  mouth  of  a  short  tube,  each  covering  a  portion  of 
the  opening,  and  having  a  chiuk  left  open  between  thera. — This  last  ia  evidently 
tbe  form  most  allied  to  the  Huuiao  Glottis;  but  it  may  bo  made  to  approximate 
still  more  closely,  by  prolon^^iug  the  membranes  in  a  direction  parallel  to  that  of 
the  current  of  air,  so  that  not  merely  their  edgc»,  but  their  whole  planes,  shall  bo 
thrown  into  vibration.  Upon  this  principle,  a  kind  of  artijii.'tiil  ffiotfi*  has  been 
constructed  by  Mr.  Willis ;  the  conditions  of  action  uud  the  effects  of  which  are 
60  nearly  allied  to  that  of  the  reai  irstruroent,  (hat  the  similar  character  of  the 
two  can  scarcely  be  doubted.  The  following  ia  his  description  of  it.  **  Let  a 
wooden  pipe  be  prepared  of  the  form  of  Fig.  191  a,  having  a  foot,  c,  like  that  of 
an  organ-pipe,  and  an  upper  opening,  long  and  narrow,  as  at  b,  with  a  point,  a, 
rising  at  one  end  of  it.  If  a  piece  of  leather,  or  still  better,  of  sheet  India-rubber, 
be  doubled  round  this  point,  and  secured  by  being  bound  round  the  pipe  at  D  with 
Strong  thread,  as  in  Fig.  191  6,  it  will 
give  us  ao  artificial  glottis  with  its 
upper  edges  o  h,  which  may  be  made 
to  vibrate  or  not,  at  pleasure,  by  inclin- 
ing the  planes  of  the  edges.  A  couple 
of  pieces  of  cork,  E  F,  may  be  glued  to 
the  corners,  to  make  them  more  man- 
ageable. From  this  machine,  various 
notes  may  be  obtained,  by  stretching 
the  edges  in  the  direction  of  their 
length  o  H  J  the  notes  riifing  in  pitch 
with  the  increased  tensioD,  although  the 
length  of  the  vibrating  edge  ia  increa.sed. 
It  is  true  thnt  a  scale  of  notes  ecjual  io 
extent  to  that  of  the  human  voice, 
cannot  bo  obtained  from  edges  of  lea- 
ther ;  but  this  scale  h  much  greater  in 
India-rubber  than  in  le;i(her;  and  the 
elasticity  of  them  both  is  so  much 
joferior  to  that  of  the  vocal  ligaments, 
that  we  may  readily  infer  that  the  greater  scale  of  the  latter  is  due  to  its  greater 
elastic  powers."  By  other  experimenters,  tbe  tissue  furming  tbe  middle  coat  of 
tbe  arteries  baa  been  used  for  this  purpose,  in  the  moist  state,  with  great  suc- 
cess; with  this,  the  tissue  of  the  vocal  ligament  is  nearly  identioai  It  i?  worthy 
of  remark  that,  in  all  such  experiments,  it  is  found  that  the  two  membranes  may 
be  thrown  into  vibration,  when  inclined  townrth  each  other  in  various  degree?,  or 
eveu  when  they  are  in  p:irallcl  f>lanes,  and  their  edges  only  approximate;  but 
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that  the  least  inclinaliun /row  each  other  (which  is  the  poeition  the  vocal  Hgs- 
meutd  have  during  the  ordinary  state  of  the  glottis,  §  806),  completely  preTenti  I 
any  soDomua  vibrations  from  being  produced. 

811.  The  pitch  of  the  uotoa  produced  by  niembranoas  tongaes,  may  be  affected-j 
in  several  ways.     Thus,  ao  increase  in  the  strength  of  the  blast,  which  has  littl«<| 
inflocnce  on  metallic  reeds,  raisea  their  pitch  very  considerably ;  and   in  thi 
manner  the  note  of  a  membranous  reed  may  be  raised  by  semitones,  to  as  much  i 

a  fifih  above  the  fundamental.  The  addition  of  a  pipe  has  nearly  the  same  eSecfcj 
on  their  pitch,  as  on  that  of  metallic  reeds;  but  it  cannot  easily  be  dct«rmined1 
with  the  same  precision.  Several  different  notes  may  be  produced  with  a  pip*-! 
of  the  same  length ;  but  there  is  a  certain  length  of  the  column  of  lur,  which  iff 
the  one  best  adapted  for  each  tone.  It  has  been  recently  ascertained,  moreoverjiJ 
that  the  length  of  the  pipe  prefixed  to  the  reed  has  a  considerable  influence  on  itlil 
tone,  rendering  it  deeper  iu  proportion  as  it  is  prolonged,  down  to  nearly  tht/ 
octave  of  the  fundanncDtal  note;  but  the  pitch  then  suddenly  rises  a^in,  as  ii 
the  case  of  the  tube  placed  beyond  the  reed.  The  researches  of  Miiller,  hoi 
ever,  have  not  succeeded  in  establishing  any  very  definite  relation  between  thftl 
lengths  of  the  two  tubes,  in  regard  to  their  influence  on  the  pitch  of  the  reel 
pliiced  between  them. 

812.  From  the  foregoing  statements  it  appears,  that  the  true  theory  of  tha 
Voice  may  now  be  considered  as  well  established,  in  regard  to  this  essential  paf 
ticuhr, — that  the  sound  is  the  result  of  the  vibrations  of  the  vocal  ligament 
which  take  place  according  to  the  same  laws  with  those  of  metallic  or  other  elastitt^ 
tongues;  and  that  the  pitch  of  the  notes  is  chiefly  governed  by  the  tension  of| 
these  laminjE.'     With  respect,  however,  to  the  mode  and  degree  in  which  tb« 
tones  are  modified  by  the  shape  of  the  air-passages,  both  above  and  below  the 
larynx,  by  the  force  of  the  blast,  and  by  other  concurrent  circumstances,  little  is 
certainly  known;  but  no  doubt  can  be  felt  that  these  modifications  are  of 
importance,  when  we  obj'erve  the  great  umonnt  of  muscular  action  which 
place  consentaneously  with  the  production  of  vocal  tones,  and  which   seems  dfl 
signed  to  alter  the  length  and  tension  of  the  various  parts  of  the  vocal  tube, 
that  they  may  vibrate  ?YncUronou!*ly  with  the  vocal  cords.     Thus,  during  th4 
ascent  of  the  voice  from  the  deeper  to  tho  higher  notes  of  the  scale,  we  find  tb«^ 
whole  larynx  undergoing  an  elevation  towards  the  base  of  the  cranium,  the  thy- 
roid cartilage  t>eing  dniwn-up  within  the  os-hyoides,  so  as  even  to  press  on  the 
epiglottis;  at  the  same  time,  the  small  space  between   the  thyroid  and  cricoid 
cartilages,  or  crico-thyrold  chink,  is  closed  by  the  depression  of  tho  front  of  the 
former  upon  the  latter  (§  804) ;  the  velum  palati  isi  depressed  and  curved  for^ 
wards;  and  the  tonsils  approach  one  another.     The  reverse  of  all  these  move- 
ments takes  plnce  during  the  descent  of  the  voice. — A  very  import-int  adjunct  to 
the  production  of  the  higher  notes  has  been  pointed-out  by  Miiller,  as  being 
afforded  by  the  modification  in  the  space  included  between  the  two  sides  of  tl 
thyruid  cartilage,  which  is  effected  by  the  thyro-arytenoidei.     He  had  experimeB 
tolly  ascertained  that  the  introduction  uf  a  hollow  plug  into  the  npper  end  of  tl 
pipe  beneath  his  artificial  larynx  (and  therefore  just  below  the  reed),  by  dimi- 

'  It  is  considered,  however,  by  Mr.  Bishop  ("Cyclop,  of  Anat  and  Physiol,"  vol.  iT«j 
p.  l-}8()),  ttrnt  the  Tocal  appamtus  combine!)  (be  profiertiea  of  ft  Mreiched  cord,  a  met 
branons  pipe  with  a  coluiua  of  air  vibratiuf;  in  it,  nnd  a  reed ;  and  is  the  perfect  type, 
which  these  ioBlraments  arc  only  imperfect  ntlnptittinn!!.     The  Author  is  unable,  howevt 
to  deduce  from  Mr.  Bishop's  prcrious  etnteinente  the  (n'<>ui^<^'>  upon  which  he  mnkea  th 
assertion;  and  does  not  understand  how  Any  tnstrnroent  can  combine  the  Actionit  nt  Mtn* 
and  of  longuf*,  the  laws  of  whose  vibration  are  so  ditferenl.    That  the  column  uf  air  in 
air-paai>Age«i  is  thrown  into  Tibration  contieritaneousiy  with  the  production  of  vouod  by  tli 
▼OCsl  eords,  and  intensifies  that  sound  by  reciprocation,  can  srnrcelj"  be  doubted  ;  but  thi 
reasons  preTiously  given  appear  to  the  Author  sufiBcient  to  disprove  the  notion,  that  thi»^ 
vibrntiou  is  at  all  more  essential  to  the  production  of  the  vocal  tone,  that  it  ia  in  the  rer4- 
pipe  of  an  organ. 
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ulsbiag  its  aporture,  produced  a  cnnsiderable  elevation  of  the  tone.  The  action 
may  be  iiiittat4?d  in  the  human  larjnx,  wht'O  uiade  the  subject  of  expcrimeot,  by 
compressing  the  thyroid  earrilrif^  laterally;  and  in  this  manner, the  tialural  voice 
can  be  made  to  extend  through  a  range  that  could  otherwise  be  only  reached  by 
a  falsetto. — The  influence  of  the  prefixed  and  superadded  tubes,  in  modifyirvj*  the 
tones  prodm-ed  by  the  Hunmn  larynx,  has  been  found  by  Prof.  Mullernot  to  be  ut 
all  comparable  to  that  which  thpy  cxerciacii  over  the  artifimal  larynx;  the  reason 
of  which  difference  does  not  seem  very  apparent.  It  appears,  however,  that  there  is 
a  certain  length  of  the  prefixed  tube — as  there  S3  a  certain  distance  of  the  vibrat- 
ing lamin»,  and  a  certain  lenfjth  or  form  of  the  tube  above, — which  is  most 
fa\ODrabl«  to  the  production  of  each  note  ;  and  the  downward  movement  of  the 
whole  vocal  organ,  which  takes-place  when  we  are  eoiindiuf;  deep  notes,  and  its 
rise  during  the  elevation  of  the  tones,  have  been  supposed  to  answer  the  purpose 
of  making  this  adjustment  in  the  leDp;th  of  the  trachea;  but  this  requires  the 
supfK^sition,  that  the  real  length  of  the  trachea  is  shortened  whilst  it  appears  ex- 
tended,— for  which  there  seems  no  foundation.  It  is  considered  by  Mr.  Wheut- 
Btone,  that  the  column  of  air  in  the  trachea  may  divide  itself  into  '  harmonic 
leqgths,'  and  may  produce  a  reciprocation  of  the  tone  given  by  the  vocal  ligfk- 
ments  (§  778);  and  in  this  manner  he  considers  that  the  falsetto  notes  aro  to  be 
explained.  It  may  be  added,  that  the  partial  cloi^ing  of  the  epiglottis  seems  to 
assist  in  the  production  of  deep  notes,  just  as  the  partial  covering  of  the  top  of 
a-  short  pipe  fixed  to  a  reed  will  lower  its  tone ;  and  that  Eomething  of  this  kind 
takes  place  during  natural  vocalisation,  would  appear  from  the  contraction  and 
depression  of  the  tongue,  which  accompany  the  lowering  of  the  front  of  the  head, 
when  the  very  lowest  notes  are  being  sounded.  The  experiments  of  Savart  have 
shown,  that  a  cavity  which  only  responds  to  a  shrill  note,  when  its  walls  are  6rm 
and  dry,  may  he  made  to  affi)rd  a  great  variety  of  lower  tones,  when  its  walU  are 
moistened  and  relaxed  in  various  ifegrees.  This  observation  may  probably  be 
applied  also  to  the  trachea. 

813.  The  fahctto  is  a  pecaliar  modification  of  the  voice,  differing  from  the 
*  chest  voice,'  not  merely  in  the  higher  pitch  of  its  notes,  but  also  in  their  quality ; 
its  tones  being  less  reedy,  and  more  like  the  'harmonic  notes'  of  stringed  and 
wind  instruments.  In  some  individuals  the  chest-voice  passes  by  imperceptible 
gradations  into  the  falsetto,  whilst  in  others  the  transition  is  abrupt;  and  some 
persons  can  sound  the  same  notes  in  the  two  different  registers,  these  notes  form- 
ing the  upper  part  of  the  scale  of  the  chest-voice,  and  the  lower  part  of  the  fal- 
setto.'— With  regard  to  the  theory  of  the  production  of  the  falsetto  voice,  there 
faas  been  considerable  difference  of  opinion  amongst  Physiologists;  and  it  cannot 
be  regarded  as  fully  determined.  By  Magendie  and  Mayo  it  was  maintained  that 
these  tones  are  produced  by  the  vibration  of  the  vocal  cords  along  only  half  their 
length,  the  rlma  glottidis  being  partly  closed ;  and  this  explanation  i.i  consistent 
with  the  fact,  that  a  far  smaller  quantity  of  air  ia  required  for  sustaining  a  fal- 
setto note,  than  for  a  note  of  the  ordinary  register,  even  though  they  should  be 
of  the  same  pitch.  By  Miilter,  again,  it  is  asserted  that  in  the  production  of  the 
fulsett-o  notes,  merely  the  thin  border  of  the  glottis  vibrates,  bo  that  the  fissure 
remains  di.<itiuctly  visible  :  whilst,  in  the  production  of  the  ordinary  vooal  tones, 
the  whole  breadth  of  the  vocal  ligaments  is  thrown  into  strong  vibrations,  which 
traverse  a  wider  space,  so  that  a  coufu.sed  motion  is  seen  in  the  lips  of  the  glottis, 

*  Thus  A  gontletnun  of  the  Author's  aoqaaintance  has  a  bass  vasofl  of  a  harah  reedy  chn- 
racter,  ranf^ng  from  the  C  below  tho  biua  clcff  to  the  D  ftbove  it  (two  octnres) ;  whilst  his 
fDUeito,  which  is  reraarknblo  for  ita  eleamesa  and  amoothness,  ranges  frntn  the  A  on  the 
highest  line  of  the  bass  cleS*  to  the  B  in  the  biglieat  space  of  the  treble  cleff.  H«nue  there 
are  five  notes  common  to  the  two  rc(;ii«tera,  anil  the  entire  voice  ranges  tbroQgh  tuore  than 
three  ootares:  but  from  want  of  a  gradunl  passage  from  one  to  the  other,  this  geiiUeman 
c«n  only  aing  bMfl  purtis  with  his  chest-voice,  or  alto  parta  with  bia  fklaetto,  the  teuor  scale 
^oteodiog  above  the  range  of  one,  andi  b«low  that  of  the  other. 
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rendering  its  fissure  iadefiotte.  It  is  not  impossible  that  both  these  doctrioei 
mnj  be  correct;  and  that,  in.  the  pmduolioa  of  ful^etto  oote^,  the  vocal  ligtincoti 
arc  in  contact  with  each  other  for  part  of  their  length,  their  thin  edgw  tta\j 
being  in  vibration  in  the  retuaioder.  It  bas  been  pointed-out  bj  Mr.  ffiilbop 
(loe.  cit.),  that  at  the  moment  of  transition  from  the  'chest-voice'  toth«'fal> 
Betto-voice,'  the  crico-thyroid  chiok,  which  was  closed  during  the  prodnctiou  of 
the  highest  note  of  the  former,  suddenly  opens  on  the  pnductioD  of  the  iovot 
note  of  the  latter ;  thus  indicating  that  the  Vocal  Cords  are  re/uxrd  in  the  pi»- 
sage  from  the  one  to  the  other,  as  must  be  the  case,  if,  for  the  production  of  the 
same  note,  they  be  only  put  in  vibration  along  a  part  of  their  length ;  so  tlut  it 
would  not  seem  improbubie  that  the  cause  of  those  differences  in  the  modetf 
transition  which  have  been  already  noticed,  lies  in  the  differeDce  in  the  {nop(V- 
tional  amount  in  the  vocal  cords,  which  is  thus  tbrown-out  of  use  by  the  partial 
approximation  of  the  two  lips  of  the  rima  glottidi.H.  It  is  further  remarked  bj 
Mr.  Bisihop,  that,  in  the  passage  from  the  chest  to  the  falMetto-voioe,  the  Iattqx 
descends  from  its  previously-elevated  position,  and  gradually  rises  again  with  tb 
ascending  scale  of  falsetto  notes;  aud  he  mentions  a  case  of  double  /aUttia,  in 
which  a  third  register  existed,  and  in  which  the  relaxation  of  the  Vocal  cords  aad 
the  dcsoent  of  tbe  larynx  were  observed  at  its  oommenc^tnent,  as  at  the  mb- 
mencemeut  of  the  second  or  ordinary  falsetto  register. — An  entirely  differeot 
theory  of  the  falsetto  has  been  given,  however,  by  MM.  P<^trequin  and  Diday;' 
who  consider  that  the  falsetto  notes  are  not  produced  bj  the  vibration  of  tba 
vocal  cords,  but  are  really  '  flute -notes,'  formed  by  the  vibrations  of  the  coloma 
of  air  to  which  the  rinia-glottidis  then  serves  as  the  embouchare.  This  riev 
harmonizes  well  with  some  of  the  phenomena  of  the  falsetto-voice  ;  but  it  is  op« 
to  the  objections  already  stated  in  regard  to  the  flute-theory  generally.  It  nut 
be  added  that  some  have  attempted  to  show,  that  the  falsetto  depends  apin  t 
peculiar  action  of  the  parta  above  the  larynx;  but  for  this  doctrine  there  is m 
foundation  whatever. 

hi  14.  The  various  muscular  actions  which  are  employed  in  the  production  and 
regulation  of  the  Voice,  are  culled-forth  by  an  impulse  which  haa  been  ahava 

§  542,  547)  to  be  really  automatic  in  its  operation,  and  to  be  completely  Tuder 
the  influence  of  guiding  sensations,  although  usually  originating  in  a  Volitional 
deteriuination,  or  giving  expresfiion  to  Emotions  or  simply  to  Ideas.  Thia,  bow- 
ever,  ha;9  been  proved  to  be  also  true  of  ail  Volitional  movements;  so  that  the 
production  of  vocal  tones  constitutes  no  real  exception.  It  may  be  safely  affinaed, 
that  the  simple  utterance  of  sounds  is  in  itself  an  Instinctive  action  ;  although  the 
eombination  of  these,  whether  into  music  or  into  articulate  langiuige,  is  a  nutter 
of  acquirement,  which  is  much  more  readily  made  by  some  individual  thao  by 
others.  No  definite  tone  can  be  produced  by  a  Voluntary  effort,  anless  that  tooe 
be  present  to  the  consciousness  during  an  interval — however  motuentary, — -tAhtt 
as  immediately  produced  by  an  act  of  Sensation,  recalled  by  an  act  of  Conoeptioa, 
or  anticipated  by  an  effort  of  the  Imaginatiuo.  When  thus  present,  the  Will  cu 
enable  the  muscles  to  assume  the  condition  requisite  to  produce  it ;  but  under  im 
other  circumstances  does  this  happen,  except  through  the  particular  mode  of  dis- 
cipline by  which  the  congenitally-deaf  may  be  trained  to  speak.  Such  penooi 
are  debarred  frotn  learning  the  use  of  Voice  in  the  ordinary  manner ;  for  the 
necessary  guidance  cannot  be  afforded,  cither  through  sensations  of  the  present  o( 
conceptions  of  tho  past,  and  the  imagination  is  entirely  destitute  of  [>ower  to  sag- 
gest  that  which  has  been  in  no  shape  experienced.  But  they  may  be  taught  to 
acijuire  an  imperfect  speech,  by  causing  them  to  imitate  particular  uiuscular 
movements,  which  they  may  be  made  to  see;  being  guided  in  the  imitation  of 
those  movements,  in  the  first  place  by  watching  their  own  perfomianoe  of  then 
iQ  a  looktDg-glass,  and  afterwards  by  attending  to  the  muscular  sensations  vbidi 

'  "Oaxette  AKdicale,  "  1844. 
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accompany  tbcm.  JIany  instanccH,  indeed,  are  on  record,  in  "wBicb  persons  en- 
tirely deaf  were  enabicd  to  carry-on  a  conversation  in  the  regular  way  ;  judging 
of  what  was  said  by  tbc  mnvcmentfl  of  tbe  lips  and  tongue,  which  they  bad 
learned  to  connect  with  pnrticular  syllahles ;  and  regulating  tbeir  own  voices  in 
reply,  by  their  voluntary  power,  guided  in  its  exercise  by  their  muscular  sensa- 
tions.' 

[Id  th«  foregoing  account  of  the  Pbjsiolog;  of  Yoioe.  the  Author  has  been  ohieflj  guided 
bj  the  eiecUent  pnpcr  hj  Mr.  Willis  in  the  "  TraiiMctiotis  of  Ihe  Cambridge  Philosophicnl 
Society,"  Tol.  XT, ;  ftiid  by  the  elaborate  investigniions  of  Miiller  unti  liia  coadjutors,  as 
detailed  in  the  Fourth  Book  of  liia  riij-siology. —  Mr.  J.  Bishop's  article  'Voice,'  in  the 
Fourtii  Volume  of  the  "  Cyclop oedi a  of  Anatomy  and  Pbysiology,'*  may  also  be  adrau- 
tageou»ly  Gonsalted.Jj 

2.-0/ Articulate  Sounds. 

815.  The  larynx,  as  now  described,  is  capable  of  producing  those  tones  of 
■which  Voice  fundamentally  consis^ts,  and  the  sequence  of  which  becomes  Ulusie : 
but  Sperch  consists  in  the  modification  of  the  laryngeal  tones,  by  other  orgiina 
intervening  between  the  Glottis  and  the  Os  externum,  so  os  to  produce  those 
artiriilatt  aountfs  of  which  language  is  formed.  It  cannot  be  questioned  that 
Music  has  its  language;  and  that  it  is  susceptible  of  expressing  Emotional  states 
of  tbe  mind  (among  those,  at  least,  who  have  been  accustomed  to  associate  these 
with  its  varied  modes)  to  even  a  higher  degree  than  articulate  speech  (§  610). 
But  it  is  incapable  of  addressing  the  Intellect,  by  conveying  definite  ideas  of 
objects,  properties,  actions,  &c.,  in  any  other  way  than  by  a  kind  of  imitation, 
which  may  be  compared  to  the  signs  used  in  hieroglyphic  wriiing.  These  ideas 
it  is  tbe  peculiar  province  of  Articulate  Language  to  convey  {§  613);  and  we 
find  that  the  vocal  organ  is  adapted  to  form  a  large  number  of  simple  sounds, 
which  may  be  readily  combined  into  groups,  forming  words.  Tbe  number  of 
oorobinutions  which  can  be  thus  produced,  is  so  inexhaustible,  that  every  lan- 
guage has  its  own  peculiar  series  j  no  difficulty  being  found  in  forming  new  ones 
to  express  new  ideas.  There  is  considerable  diversity  in  different  languages, 
even  with  regard  to  tbe  use  of  the  Biniplest  of  these  combinations  ;  some  of  them 
are  more  easy  of  formation  than  others,  and  these  accordingly  enter  into  the 
oompositioQ  of  all  languages;  whilst  of  the  more  difficult  ones,  some  are  em- 
ployed in  one  language,  some  in  another, — no  one  language  possessing  them  all. 
Without  entering  into  any  detailed  account  of  the  mechaniism  rei^uired  to  pro- 
duce each  of  these  simple  sounds,  a  few  general  considerations  will  be  offered  in 
regard  to  the  cks&ificalion  of  them ;  and  the  peculiar  defect  of  articulatiun, 
termed  Shnnnun'ti;/,  will  be  briefly  treated-of. 

816.  Vocal  sounds  are  divided  inio  Vowels  and  Consonants;  and  the  distinc- 
tive characters  of  these  are  usually  considered  to  bo,  that  the  '\'owcls  are  pro- 
duced by  tbe  Voice  alone,  whilst  the  sound  of  tbe  Consonant  is  formed  by  some 
kind  of  interruption  to  tbe  voice,  so  that  they  cannot  be  properly  expressed,  un- 
less conjoined  with  a  vowel.  The  distinction  may  be  more  correctly  laid-down, 
however,  in  this  manner: — the  VoweUsounds  are  continuous  tones,  modified  by 
tbe  form  of  tbe  aperture  through  which  they  pas^s-out;  whilst  in  sounding  Con- 
sonants, the  breath  suffers  a  more  or  less  complete  interruption,  in  its  passage 
through  parts  anterior  to  the  larynx.  Hence  the  really-simple  Vowel-sounds  are 
capable  of  prolongation  during  any  time  that  the  breath  can  sustain  them;  this 
b  not  the  case,  however,  with  the  real  Diphthongal  sounds  (of  which  it  will  pre- 
sently appear  that  the  Englit^h  t  is  one);  whilst  it  is  true  of  some  Consonants. 
It  seems  to  have  been  forgotten  by  many  of  those  who  have  written  upon  this 
subject,  that  the  laryngeal  voice  is  not  essential  to  the  formation  of  either  vowels 
or  consonants;  fur  all  may  be  sounded  in  a  whisper.     It  is  very  evident,  there- 

'  See  Dr.  Johnstone  ''On  SensutioD,"  p.  128. 
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fore,  that  the  larynx  is  not  primarily  concerned  in  their  prodactioo ;  and  this 
has  been  fully  established  by  the  followinp  experiment.  A  flexible  lubi;  wi»  la- 
troduced  by  M.  Deleau  through  his  Dostnl  into  the  pharjnx,  and  air  w»8  "ttm>^lWl 
by  it  into  the  fauces;  then,  closinp  the  larynx,  be  threw  the  fauces  into  th^  i]it. 
fcrent  positiona  requisite  for  producing  articulate  sooods,  when  the  air  imj^iletl 
throu^rh  the  tube  became  an  audible  whimper.  The  experiment  was  repealed, 
with  this  variation, — that  the  laryngeal  sounds  were  allowed  to  pass  into  the 
fauces  ;  and  ouch  articulated  letter  wus  then  heard  double,  in  a  proper  Toioe  ud 
in  a  whisper. 

817.  That  the  Vowels  are  produced  by  simple  modifications  in  the  form  of  t1« 
external  pausagcg,  is  easily  proved,  both  by  observation  and  by  imitative  experi- 
ment. When  rhe  mouth  is  opened  wide,  the  tongue  depressed,  and  the  ttlum 
palafi  clevatt'd,  so  as  to  give  the  freest  possible  exit  to  the  voice,  the  Towel  a  io 
its  broadest  furm  (as  in  ah)  is  sounded.'  On  the  other  hand,  if  the  oral  ipfN 
ture  be  contracted,  the  tongue  being  still  depressed,  the  eound  ao  (tlie  ccKiti- 
nental  u)  is  produced.  If  attention  be  paid  to  the  state  of  the  buccal  cavity, 
during  the  pronunciatjon  of  the  different  vowel-sounds,  it  will  be  found  to  un- 
dergo a  great  variety  of  modifications,  arising  from  varieties  of  position  of  ibe 
tongue,  the  cheeks,  the  lips,  and  velum  palati.  The  position  of  the  tongue  b, 
indeed,  one  of  the  primary  conditions  of  the  variation  of  the  sound  ;  for  it  may 
be  easily  ascertained  that,  by  peculiar  inflesiona  of  this  orgran,  a  great  diversify 
of  vowel-sounds  niny  be  produced,  the  other  parts  remaining  the  same.  Still 
there  is  a  ccrtnin  po.sition  of  all  the  parte,  which  is  most  favourable  to  the  forma- 
tion of  each  of  these  sounds;  but  this  could  not  be  expressed  without  a  lengthetied 
description.  The  following  table,  slightly  altered  from  that  of  KcrapelcD,  ei- 
presses  the  rel.'itive  dimenstona  of  the  buccal  cat^ittf  and  of  the  oral  orificr^  for 
some  of  the  principal  of  these;  the  number  5  expressing  the  largest  siiie,  aad 
the  others  io  like  proportion  : — 


l>wtL 

iSnun't. 

aitt<tf 

oral 

fMinii»n 

am 

iffbuMolemt^ 

a 

M  in  ah 

6 

% 

aa  in  name 

2 

• 

•8  in  theme 

1 

0 

as  in  cold 

4 

30 

as  in  cool 

6 

These  are  the  sounds  of  the  five  vowels,  a,  e,  i,  o,  «,  in  moat  Continental  lan- 
guages; and  it  cannot  but  be  admitted,  that  the  arrangement  is  a  much  more 
nntural  one  than  that  of  our  own  vowel  series.  The  English  a  \\aa  three  dis- 
tinct sounds  capable  of  prolongation  ;* — the  true  broad  a  of  ah ^  slightly  modified 
ill  far;  the  a  of /ti/r,  corresponding  to  the  e  of  French;  and  the  a  of /aft, 
which  should  be  really  represented  by  an.  This  last  is  a  simple  sound,  iboDgb 
commonly  reckoned  as  a  diphthong.  In  Kempclen's  scale,  the  oral  orifice  re- 
quired to  produce  it  would  be  about  8,  and  the  size  of  the  buccal  cavity  4.*  On 
the  other  band,  the  sound  of  the  English  i  cannot,  like  that  of  a  true  vowel,  be 
prolonged  ad  filn'iiim  ;  it  ia  in  fact  a  sort  of  diphthong,  resulting  from  the  tran- 
sition from  a  peculiar  indefinite  murmur  to  the  sound  of  e,  which  takes  its  place 
when  we  attempt  to  continue  it.     The  sound  o^  or  m,  as  in  ot7,  is  a  good  example 

'  This  sound  of  the  vovel  a  ia  icarcely  upcd  in  oar  langfniige,  though  very  common  is 
most  of  the  CoDtiaentftl  tongues ;  the  nearest  itfipronch  to  it  in  EngUsh  ia  the  a  in  Jm; 
but  this  is  a  very  perceptible  modification,  teodiug  towards  au. 

*  The  short  rowel  souada,  aa  a  in  fat,  t  in  met,  o  in  pot,  ^.,  arc  Qot  capable  of  pNlaa* 
giitioD. 

'  The  mode  of  mnking  a  dHermttitition  of  this  kind  may  here  be  given,  for  the  sake  of 
rxiiniple.  If  the  broad  a  be  sounded,  the  mouth  and  fauces  being  opened  wide,  and  v« 
contract  the  orsil  orifice  by  degrees,  at  the  stime  time  slightly  elevating  the  p<iint  uf  liic 
tongue,  we  grnduiilly  come  to  the  sound  of  qm;  by  still  further  contracting  the  orifice,  aaJ 
again  depressing  the  tongue,  ve  form  co..  On  the  other  hand,  in  sounding  t,  the  toopH 
is  rtiiscd  nearly  to  the  roof  of  the  mouth  ;  if  it  be  dcpresset'  without  the  position  of  tkl 
lips  being  altered,  <iu  is  given 
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of  the  true  tlipbtbong;  being  produced  by  the  transition  from  au  to  c.  lu  the 
same  manner,  the  diphthong  ou,  which  h  tho  same  vhh  otp  in  owl,  is  produced 
in  the  r.tpid  transitiou  from  the  broad  a  of  ah,  to  the  oo  of  cool. — Much  diacus- 
•ion  has  takcn-place  as  to  the  trae  character  of  y,  when  it  commences  a  word,  a» 
hi  jet,  yaw],  &c.  ;  some  having  maintained  that  it  is  a  consonant  (for  the 
TPTy  unsatisfactory  reason,  that  we  are  in  the  habit  of  employing  a  rather  than  av, 
when  we  desire  to  prefix  the  indefinite  article  to  such  words),  whilst  others  re- 
gard it  »8  a  peculiar  vowel.  A  slight  attention  to  the  position  of  the  vocal  organs 
during  its  pronunciation,  makes  it  very  clear,  that  its  sound  in  such  words  really 
corresponds  with  that  of  the  long  (English)  e;  the  pronunciation  of  the  word 
yawl  being  the  same  as  that  of  eaul,  vrben  the  first  sound  is  not  prolonged,  but 
rapidly  transformed  into  the  second.  The  sound  of  tbc  letter  ir,  moreover,  is 
really  of  the  vowel  character,  being  formed  in  the  rapid  transition  from  oo  to  the 
succeeding  vowel ;  thus  ititU  might  be  spelt  ooafl.  Many  siiiiilar  difficulties 
might  be  removed,  and  the  conformity  between  »pokcn  and  written  language 
might  be  greatly  increased  (so  as  to  render  far  more  easy  the  acquirement  of 
the  former  from  the  latter),  by  due  attention  to  the  state  of  the  vocal  organs  in 
the  production  of  the  simple  sounds. 

818.  It  18  Dot  very  difficult  to  produce  a  tolerably  good  artificial  imitation  of 
the  Vowel -sounds.  This  was  accomplished  by  Kenipelcn,  by  means  of  an  India- 
rubber  ball,  with  an  orifice  at  each  end,  of  which  the  lower  one  was  attached  to 
a  reed  :  by  modifying  the  fi>rm  of  the  ball,  the  different  vowels  could  be  sounded 
during  the  action  of  the  reed.  He  also  employed  a  short  funnehlike  tube,  and 
obtained  the  different  sounds  by  covering  its  wide  opening  to  a  greater  or  less 
extent.  This  last  experiment  has  been  repealed  by  Mr.  Willis;  who  has  also 
found  that  the  vowel  sounds  might  be  imitated,  by  drawing-out  a  long  straight 
tube  from  the  reed.  In  this  experiment  he  arrived  at  a  curious  result: — with  a 
tnbe  of  a  certain  length,  the  series  of  vowels,  i,  e,  a,  o,  v,  was  obtained  by  gra- 
dually drawing  it  out;  but,  if  the  length  was  increased  to  a  certain  point,  a 
further  gradual  increase  would  produce  the  same  sequence  in  an  inverted  order, 
u,  0,  fl,  fj  I ;  a  still  further  increase  would  produce  a  return  to  the  first  scale,  and 
so  on.  When  the  pitch  of  tho  reed  was  high,  and  the  pipe  short,  it  was  found 
that  the  vowels  o  and  «  could  not  be  distinctly  formed, — the  proper  tone  being 
injured  by  the  elougution  of  the  pipe  necessary  to  produce  them ;  and  this,  Mr. 
^Villi8  remarks,  is  exactly  the  case  in  the  Hunian  voice,  most  singers  beiDg  un- 
able to  proDOUDce  u  and  o  upon  their  highest  notes. 

819.  The  most  natural  primary  division  of  the  Consonants,  is  into  those  which 
require  a  total  stoppage  of  the  breath  at  the  moment  previous  to  their  being  pro- 
nounced, and  which,  therefore,  cannot  be  prolonged ;  and  those  in  pronouncing 
which  the  iuterruption  is  partial,  and  which  can,  like  the  vowel  sounds,  be  pro- 
lunged  nd  libitum.  The  former  have  received  the  designation  of  tjcptoaivej 
and  the  latter  of  continuous. — In  pronouncing  the  rjrpioHtve  consonants,  the  pt 
tenor  oarea  are  completely  closed,  so  that  ute  exit  of  air  through  the  nose  is 
altogether  prevented ;  and  the  current  may  be  checked  in  the  mouth  in  three 
ways, — by  th^  approximation  of  the  lips, — by  the  approximation  of  the  point  of 
the  tongue  to  the  frout  of  the  palate, — and  by  the  approximation  of  the  middle 
of  the  tongue  to  tho  arch  of  the  palate.  In  the  first  of  thc.«te  modes,  we  pro- 
nounce the  letters  i  and  p;  in  the  second,  d  and  f;  in  tho  third,  the  hardy 
and  k:  The  difference  between  b^  r/,  and  ff,  on  the  one  hand,  and  p,  i,  and  /r,* 
on  the  other,  seems  to  depend  on  this; — that  in  the  former  group  the  approxi- 
mating surfaces  are  larger,  and  the  breath  is  sent  through  them  more  strongly  at 
the  moment  of  opening,  than  in  the  latter. — The  mutitiuowt  consonants  may  be 
again  subdivided,  according  to  the  degree  of  freedom  with  which  the  air  is 
allowed  to  make  its  exit,  and  the  compression  which  it  coasequeutly  experiences. 

»  For  the  saJte  of  proper  coropiiriKin,  this  letter  should  b»  sounded  not  as  kag  but  i»y. 
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I.  The  fir«tt  cliute  includes  those,  id  wliicb  no  passage  of  air  talies-plaoe  Uinn^ 
the  nosQ,  ond  in  which  ihe  parts  of  the  mouth  tbiit  prodace  the  Boand  areoeirlj 
approximated  together,  so  that  the  compreesion  is  considerable.  Tfai&  is  the  oie 
with  V  and  /,  which  are  pmdaced  by  approximating  the  upper  inciMre  to  tbie 
lower  lip ;  and  which  !«tAnd  in  ncarlj  the  eame  relation  to  each  other,  as 
which  exists  between  d  and  t,  or  b  and  p.  The  sibitant  sounds,  a,  and  <,  i 
Btand  in  a  simitar  relatiun  to  each  other;  they  are  produced  by  the  passai^e  ofi^ 
between  the  point  of  the  tongue  and  the  front  of  the  palate,  the  teeth  being  »t 
the  same  time  nearly  closed.  The  simple  sound  sh,  is  formed,  Ly  narmwiDgtbe 
channel  between  the  dorsum  of  the  tongue  and  the  palate;  the  former  being  el«- 
vated  towards  the  latter,  through  a  considerable  part  of  its  length.  If,  in  mmi' 
ing  »,  we  raise  the  point  of  the  tongue  a  very  little^  so  as  to  toncfa  the  palite, 
the  sound  of  t  is  evolved;  and  in  the  same  manner  J  is  produced  from  ;.  Tliiii 
class  also  includes  the  (h;  which,  being  a  perfectly-simple  sound,  ought  to  be 
expressed  by  a  single  tetter,  as  in  Greek,  instead  of  by  two,  whose  cumfatmliM 
does  not  really  produce  anything  like  it.  For  producing  this  sound,  thepsiiit 
of  the  tongue  is  applied  to  the  back  of  the  incisors,  or  to  the  front  of  the  p«lst«> 
as  in  sounding  <;'  but,  whilst  there  is  complete  contact  of  the  tip,  theairis 
allowed  to  pass-out  around  it. — ii.  In  the  second  class  of  continuous  conwsuU, 
including  the  letters  m,  n,/,  and  r,  the  nnstrih  are  not  closed ;  and  the  air  tbni 
undergoes  ver5  little  comprc.B^iun,  even  though  the  passage  of  air  ihroogh  (Ite 
oral  cavity  is  almost  or  campk-tdy  checked.  In  pronouncing  m  and  n,  the  breatll 
passes  through  the  nose  alone  :  and  the  difference  of  the  sound  of  tbest  two 
letters  must  be  due  tu  the  variation  in  the  form  of  the  cavity  of  the  mouth,  vbirh 
acts  by  resonance.  The  letter  m  is  a  labial,  like  b;  but  in  the  former  the  niol 
passage  is  open,  the  mouth  rcmoiniug  closed,  whilst  in  the  latter  the  nose  is  eo- 
I £rely  closed,  and  the  sound  is  formed  at  the  moment  of  opening  the  nicmtii; 
hence  the  passage  from  m  to  &  is  made  with  great  facility.  The  same  oorrn- 
punderice  exists  between  n  and  t,  or  n  and  (f  (the  particular  part  of  the  touw 
approximated  to  the  palate  not  being  of  much  ooapequence  in  the  pronanc'  """ 
of  n) ;  and  hence  it  ia  that  the  transition  from  n  to  /,  or  from  n  to  g,  is 
that  the  combinotioQa  n\  end  wj  are  found  abundantly  in  most  language?.  Tb« 
sound  of  I  is  produced  by  bringing  the  tip  of  the  tongue  into  contact  with  tb< 
palate,  and  allowing  the  air  to  escape  around  it,  at  the  same  time  thataToeal 
tone  is  generated  in  the  larynx ;  it  differs,  therefore,  from  th  in  the  poeitko  kt 
which  the  obcitructiiiii  is  tuterposed,  as  well  as  in  the  slight  degree  of  compreniua 
of  the  air  which  it  involves.  The  sound  of  the  letter  r  depi^nds  on  an  absoloie 
vibration  of  the  point  of  the  tongue,  in  a  narrow  current  of  air  forced  betwert 
the  tongue  itself  and  the  palate. — in.  The  sounds  of  the  third  cla^  are  ecan«lj 
to  be  termed  consonants,  since  they  are  merely  (txpiraiiortg  cansed  bj  an  inereated 
force  of  breath.  These  are  A,  and  the  guttural  ch*  of  most  foreign  languseH 
(the  Greek  j).  The  first  is  a  simple  uf:piration  ;  the  second  an  a«piratioa  noifi- 
ncd  by  the  elevation  of  the  tongue,  causing  a  slight  obstruction  to  the  pMHMji 
of  air,  and  an  increased  resonance  in  the  back  of  the  mouth.  This  sound  vnw 
become  either  </  or  A-,  if  the  tongue,  whilst  it  is  being  produced,  were  cunei-of 
to  tducb  the  piilate.* 

820.  These  distinctions  come  to  be  of  mucb  importance,  when  we  apply  oa^ 
selves  to  the  treatment  of  defectis  of  articulation.  Greatasis  the  number  of  dot* 
cles  employed  in  the  production  of  definite  vocal  sounds,  the  number  is  tDurli 
greater  for  those  of  articulate  language  ^  and  the  varieties  of  combination  vhkli 

*  Henuo  it  is  easj  to  understand  the  substitution  of  f  or  d^  for  the  EngU^  tK,  I7 
foreigners. 

*  The  English  eh  ia  merelj  a  combination  of  i  with  «A;  thus  eJum*  night  be  1^ 
Uhimt. 

*  The  general  classificKtion  proposed  by  Pr.  M.  Rati  baa  been  here  adopted,  witb  mat 
Bodificatioo  as  to  tbe  d  etui]  a. 
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we  are  continually  forming  unconscioasly  to  ourselves,  would  not  be  suspected, 
without  a  ujtciute  analysis  of  tiie  separate  actions.  Tbua,  when  we  utter  the  ex* 
plosive  sounds,  we  check  the  passage  of  air  through  the  posterior  narcs,  in  tlie 
▼ery  act  of  articulating  the  lettt-r;  and  yet  this  important  movcinent  commonly 
possL'S  unobserved. — We  must  regurd  the  power  of  forming  the  several  articulate 
sounds  which  have  been  adverted-to,  and  their  simple  combinations,  as  so  far 
resulting  from  intuition,  that  it  can  in  general  he  more  readily  acquired  by  early 
practice  than  other  actions  of  the  same  complexity;  but  we  find  that  among  dif- 
ferent Races  of  Men,  there  exist  tendencies  to  the  production  of  different  sounds, 
which,  though  doubtless  influenced  in  preat  dejrree  by  early  habit  (since  we  find 
that  children,  when  first  learning  to  speak,  form  their  habits  of  vocalization  in  great 
degree  in  accordance  with  the  examples  amidst  which  they  are  placed),  are  cer- 
tainly also  dependent  in  part  apon  congenital  constitution,  as  we  often  see  in  the 
case  of  children  among  ourselves,  who  grtiw-up  with  certain  peculiarities  of  pro- 
nunciation, not  thus  derived  from  imitation,  of  which  they  do  not  seem  able  to 
divest  themselves, 

821.  It  is  in  the  want  of  power  to  combine  the  different  muscular  actions  con- 
cerned in  vocalization,  that  the  delect  termed  Stammering  essentially  consists. 
Many  theories  regardinf^  the  nature  of  this  impediment  have  been  proposed; 
and  there  can  be  little  doubt  that  it  may  be  attributed  to  a  great  variety  of  ex- 
citing causes.  A  disordered  action  of  the  nervous  centres,  must,  however,  be 
regarded  as  the  proximate  cause;  though  this  maybe  (to  use  the  language  of  Dr. 
M.  Hall)  either  of  centric  or  of  excentric  origin, — that  is,  it  may  result  from  a 
morbid  condition  of  the  ganglionic  centre,  or  from  an  abnormiil  impression  con- 
veyed through  its  afferent  nerves.  When  of  centric  origin  (and  this  is  probiihly 
the  most  general  case),  the  phenomena  of  Stammering  and  Chorea  have  a  close 
analogy  to  each  other  (^§  712)  ;  in  fact,  stammering  is  frequently  one  of  the  modes 
in  which  the  disordered  condition  of  the  nervous  system  in  Chorea  manifesto 
itself — It  is  in  the  pronunciation  of  the  Consonants  of  the  explosive  class,  that 
the  stammerer  experiences  the  greatest  difficulty.  The  total  interruption  to  the 
breath  which  they  occJision,  fretjueotly  becomea  quite  spasmodic  j'  and  the  whole 
frame  is  thrown  into  the  most  distressing,  semi-convulsive  movement,  until  re- 
lieved by  expiration  In  the  pronunciation  of  the  contitiuoua  Consonants  of  the 
first  class,  the  stammerer  usually  prolongs  them,  by  a  spasmodic  continuance  of 
the  same  action  ;  and  there  is,  in  eonse<'|uence,  an  impeded,  but  not  a  suspended 
respiration.  The  same  is  the  case  with  the  I  aod  r  in  the  second  class.  In  pr«>- 
Douncing  the  m  and  n,  on  the  other  hand,  as  well  as  the  aspirates  and  vowels,  it 
is  sometimes  observed  that  the  stammerer  prolongs  the  sound,  by  a  full  and  ex- 
hausting expiration.  In  all  these  cases,  then,  it  seems  as  if  the  muscular  sense, 
resulting  from  each  particular  combiaatioo  of  actions,  became  the  stimulus  to  the 
involuntary  prolongation  of  that  state.  It  is  possible  that  the  defect  may  result, 
in  some  iustanoea,  from  malformation  of  the  parts  about  the  fauces,  producing  an 
abnormal  stimulus  of  this  kiud  in  some  particular  positions  of  the  organ;  and 
such  cases  nini/  be  really  benefitted  by  an  operation  for  the  removal  of  the.*!©  parts. 
But  the  effect  of  such  an  operation  is  certainly  exerted  in  most  cases  through  the 
mind  of  the  patient;  the  expectation  of  benefit  from  it  tending  to  improve  his 
command  over  the  muscles  of  vocalization,  which  Kmotional  excitement  always 
Inipuirs;  and  the  improvement  is  usually  proportional  to  the  confidence  which  he 
has  been  lied  to  feel  in  the  result.  The  slightest  disturbance  of  the  feelings  is 
sufficient  in  most  Stammerers  to  induce  a  complete  perturbation  of  the  vocal 
powers;  the  very  fear  that  stammering  will  occur,  particularly  under  circum- 
Btaoccs  wbtch  render  it  peculiarly  annoying,  is  oHeo  sufficient  to  bring  it  on  in  a 
predisposed  subject;  and  the  tendency  to  consensual  imitation  sometimes  occa- 

'  B;  Dr.  Aroott  this  iaterruptioD  ia  represeated  as  taking  place  in  the  larynx;  thnt 
SQCh  !■  Dot  usujillj  the  case,  the  Author  believes  that  a  little  atteotioD  to  ttie  ordinuij 
phenomena  of  Toice  will  Batisfactorily  provs. 
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eioDS  stammering,  in  individuals  (cspecinlly  children')  who  nerer  show  thesHgbteit 
tendency  to  it  eicept  ■wbetj  they  witness  the  difficulty  in  others. 

8i!2.  The  method  proposed  by  Dr.  Arnott  for  the  prevention  of  Rtamintring, 
consists  in  the  connection  of  all  the  words  by  a  vocal  intonation,  in  STich  •  man- 
ner, that  there  shall  never  be  an  entire  stoppage  of  the  breath.  It  is  jasily  re- 
marked by  Miilter,  however,  that  although  this  plan  may  afford  some  benefii,  it 
cannot  do  everything;  since  the  timiu  impediment  occurs  in  the  middle  of  wairif 
themselves.  One  important  remedial  means,  on  which  too  mnch  stress  cannatbe 
laid,  ia  to  study  carefully  the  uiechanisifi  of  the  articulatibn  of  the  difficult  lettm, 
and  to  practise  their  pronunciation  repeatedly,  slowly,  and  analytically.  The  ^ 
tient  would  at  first  do  well  to  practise  sentences  from  which  the  explo^ire  tatm- 
cants  are  omitted;  his  chii?f  difficulty,  arising  from  the  spcLsmodic  eiuipeondaof 
the  expiratory  movement,  being  thus  avoided.  Having  mastered  these,  h«  mj 
pass-on  to  others,  in  which  the  difficult  letters  arc  sparingly  introdaced;  ud  BIJ 
finally  accustom  himself  to  the  use  of  ordinary  language.  One  of  the  chief  points 
to  bo  aiii)ed-at,  is  to  make  the  patient  feel  that  he  has  command  over  his  mneelci 
of  articulation  (§  625) ;  and  this  is  best  done,  by  gradually  leading  him  from  tint 
which  he  finds  ho  can  do,  to  that  which  he  fears  he  cannot.  The  fact  tfait  ctam- 
meriiig  peupto  are  able  to  stng  their  words  better  than  to  *peak  them,  hAS  beM 
usually  explained  on  the  suppo.sttion  that,  in  singing,  the  glottis  is  kept  opeo,  v 
th:it  there  is  less  liability  to  spasmodic  action;  if,  however,  as  here  roaintaioed, 
the  spasmodic  action  is  not  in  the  larynx,  but  in  the  veluna  palati  and  the  nos- 
cles  of  articulation,  the  difference  most  be  due  to  the  direction  of  the  aftentioa 
rather  to  the  muscles  of  the  larynx  than  to  those  of  the  mouth. — One  of  th<?n)Mt 
important  objects  to  bo  airaed-at  in  the  treatment  of  stammering,  consists  in  tlie 
prevention  of  all  Emotional  disturbance  in  connection  with  the  act  of  Speech  :  tod 
this  requires  the  exercise  of  the  Voluntary  power  over  the  direction  of  li* 
thouphts,  in  the  following  modes: — 1.  To  reduce  mental  emotion,  bv  i 
hourly,  habit  of  abstracting  the  mind  from  the  subject  of  stammering,  b-';>" 
speaking,  and  at  other  times.  2.  To  aooid  exciting  mental  emotion  by  • 
ing  unnecessarily  to  read  or  speak,  when  the  individual  is  conscion.4  that  ii 
not  be  able  to  perform  these  actions  without  great  distress.  8.  To  elude  lueoul 
emotion,  by  taking  advantage  of  any  little  artifice  to  escape  from  stammering,  w 
Inog  as  the  artifice  continues  to  be  a  successful  one. — Much  may  frequently  be 
done,  also,  by  constitutional  treatment^  adapted  to  improve  the  general  vigour  of 
the  aervouB  system.' 


CHAPTER  XV. 


I 


OF  THB  TKFLDENOE  OP  THE   NERVOUS   BTSTEH    ON   THE  ORaAKTO   FT7XCnO!I8. 

823.  Of  the  modes  in  which  the  Nervous  System  influences  the  Organic  Fao^ 
tions,  a  great  part  have  been  already  considered  :  for  it  has  been  shown  to  be  eoD- 
c-erned  in  providing  the  mechanical  conditions,  cither  immediate  or  remote,  ooder 
which  alone  these  functions  can  be  performed  ;  so  that,  when  its  activity  ceases, 
they  cannot  be  much  longer  maintained.  But  the  influence  of  the  Nervous  Sj* 
tem  is  not  alone  exerted  upon  the  motor  or  contractile  tissues  of  the  body;  for 
there  is  good  evidence  that  it  baa  a  direct  operation  upon  the  molecular  channel 
which  couatitute  the  functions  of  Nutrition,  Secretion,  &c. ;  and  this  view  ouTb« 
admitted  to  its  fullest  extent,  without  our  being  thereby  led  to  regard  the  pro- 
cesses in  question  as  dependent  upon  Nervous  agency, — a  doctrine  for  which  thefl 

'  See  on  the  subject  of  "StBrninerinir  and  its  Treatment,"  a  nneful  pamphlet  nnd«r  tkii 
title,  by  baec,  Med.  Oxon.,  ISi'iOi  and  Mr.  Bishop's  treatise  "On  Articulate  SouocU,  ud 
9u  the  (,'aiiMs  and  Cure  of  Impeditneats  of  Speech." 


seems  no  valid  foundation  (Chap,  ii.,  Sect  2),     Throughout  the  Animal  body, 
it  luuy  be  observed  tbnt,  tho  uiore  Vegetutive  the  uuturu  of  any  fuoctioa,  the  less 
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u  it  under  the  intluence  of  the  Ner- 
vous System,  save  whtre  tliat  iufluence 
is  required  to  briag  it  into  hannony 
with  ntherfuDctions  (§  41),  sojuetimes 
by  exciting,  sometlnics  by  checking, 
aod  Jioini'titues  by  otherwise  modifying 
them,  very  much  in  the  way  that  a 
rider  guides  and  controls  the  move- 
Diciit«  of  big  horse. — It  is  evident 
that  this  influence  must  be  principally 
exerted  throuj^h  the  S^Titpnfhcfic  or 
Vincenil  system  of  nerves,  since  ii  lart;e 
proportion  of  the  orpiiis  on  which  it 
opterutes  arc  supplied  by  no  other:  and 
beoce  this  apparatus  has  been  coui- 
monly  designuted  the  '  Nervous  system 
of  organic  life,'  dh  distinguishing  it 
from  the  Cerebro-spioal  system,  which 
is  the  '  Nervous  system  of  animal  life.' 
There  is,  however,  no  Buth  ptirallelism 
between  tlieTu,  as  ihls  destgnatioD 
would  imply;  for  whilst  the  operafions 
of  the  Cerebro-spinul  system  tuentittUjf 
co»»ti(ii(e  the  Aiiirual  life  of  the  indi- 
vidual, those  of  the  Sympathetic  can- 
not be  fiiirly  said  to  do  more  tbau  con- 
trol mid  dt'rert  those  of  Nutritino  and 
Secretion — We  shall  now  enquire  in- 
to the  structure  aod  rehiiions  of  the 
Sympathetic  System;  and  shuU  then 
exaniine  the  nature  of  the  actions 
which  thtre  seema  reason  to  attribute 
to  it. 

8-4,  S^mpatheiir  jVerrrm*  Stfifem, 
— ^I'hat  collecrjon  of  scattered  but  mu- 
tually-con  nee  ted  ganglia  and  nerveSi 
of  which  this  apparatus  is  made-up, 
may  be  ranged  under  the  following 
groups: — 1.  The  isolated  pnnglia  and 
nerves  in  immediate  connection  with 
the  Viscera,  which  seem  to  be  the 
chief  centres  of  the  system  j  these  form 

A  riew  of  the  Qrcnt  Sjmpktbetic  Nerve. — 1,  Ihe  plfliue  on  the  carotid  urtery  in  thfl  earolid 
forameii;  2,  sixth  ni<rre  (motor  extcrnut);  .1,  fint  branch  «(  tha  fltlh  or  ophthalmic  ncrre; 
4,  a  briknch  on  the  ««ptum  narium  g"ing  \»  ihe  incisive  foramen  j  6,  the  recurrent  br&nob  or 
▼idian  nerre  diTidiof;  into  the  cArutid  nnd  pftrosnl  brnnehc«  ;  A,  pocterior  paUtioe  bnaehes; 
7,  the  lingua]  nerre  joined  bj  the  cliorda  tjmpnoi;  8,  the  portlo  dnra  of  the  aevcntb  pair  or 
the  facial  oerve;  0,  the  superior  cerriral  ganglion  ;  10,  tho  middle  cervical  ganglion  ;  1),  the 
iaferior  c«rTical  {^anglioii;  12,  the  roots  of  the  great  ('pinnrfanio  nerve  ariaing  from  the  dorsal 
ganglia;  13.  the  le««er  •planchnic  nerve;  14,  the  rennl  [jlesus:  lb,  the  solar  plexus;  \t,  th* 
mesenteric  plexai ;  17,  the  lutobiir  gaoj^lia  j  18,  the  Mcral  ganglia ;  19,  tb«  resioal  p)exa« ;  30, 
the  rectal  plexus;  21,  the  lumbar  plexus  (cerebro-epiniil);  23,  tli«  rectom;  23,  the  Madder; 
24,  ihe  pubis;  26,  the  crest  of  the  iliuui  ;  26,  the  kidney  ;  27,  the  sorts  ;  28,  the  diHpbra);m ; 
Sy,  the  heart;  3U,  the  larynx;  31,  (he  submnstllarjr  gland;  32,  the  inoisor  teeth;  33,  nariil 
MptntB  ;  34,  globe  of  the  eje;  3a,  Z%,  cavity  of  the  cranium.] 
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three  principal  plexuses,  the  Cardiac^  the  Solar,  and  the  Hypogattric-     2.  The 
doable  chaia  of  Prevertebral  ganglia,  with  connecting  cords,  which  lies  in  froat 


[Fifl.  103. 


,W6 


A  pl&n  of  tbe  Innelieit  of  the  fifth  nerre,  modified  ft-om  a  sketch  bj  BIr  C.  Bell.    a.  Sab- ' 
maxillary  gland,  with  tbe  jnbmnxillarj  ganglion  uIjotc  it.     1.  ^mall  root  of  the  fifth  nerf«, 
which  joioi  the  lower  mnxilUrj  division.     2.  Larger  root,  vilb  the  Oii««eriiU)  ganglioo.    1 
Ophthalmic  nerve.     4.  I] [iper  maxillary  nerve.     6.  Lower  maxillary  nerve,     8.  Chorda  tim- 
pani.    7.  Facial  nerve.] 

of  the  Vertebral  column,  and  which  cnmmunicates  on  the  one  hand  with  (hit 
Spinal  nervesj  and  on  the  other  with  the  before-named  plexuses.  Under  this 
heud  wc  should  probably  rank  the  minute  Cranial  ganglia,  which  are  aitoated  in 
the  ueigbbonrhood  of  the  Organs  of  Sense,  and  in  immediate  connection  with  the 
branches  of  the  Fifth  pair  that  proceed  to  them  ;  these  are  the  ophthalmir^  otit^ 
tpfi^no-palult'nef  and  suhmasciUarjf  gnngViOi  {Fig.  193).  3,  The  gnvgli'a on  thr  jx>tt^ 
rior  rood  of  the  Spinal  nerves ;  under  which  head  we  arc  probably  to  rank  not  only 
the  Gasgert'aH  ganglion  of  the  Fifth  pair,  but  also  the  ganglia  near  the  roots  of  the 
Poeumogastric  and  Glosso-pharyngeal  nerves.— The  trunks  of  the  Sympathetic 
arc  Diade-up  of  different  orders  of  fibres;  some  of  these  having  their  central  ter- 
mination in  the  vesicular  matter  of  tbe  Sympathetic  ganglia  themselves,  whilst 
others  are  derived  from  the  Cerebro  spinal  system.  The  former,  which  are  all  of 
the  'gelatinous' kind,'  ore  most  abundant  in  the  great  Vifseeral  plexuses;  but  tbej 
may  bo  traced  from  the  prevertebral  ganglia  into  the  Spinal  nerves,  part  of  them 
proceeding  to  the  g.ing!ia  on  their  posterior  roots  (whence  fibres  are  giveo-o8F  that 
mingle  with  their  spinal  fibres),  whi].«it  another  part  enter  the  anterior  roots  aod 
mingle  with  their  fibres.  On  the  other  hand,  the  latter,  which  are  of  the  '  tubular' 
kind,  are  derived  by  the  same  cords  of  communication  (these  being  commonly 
termed  the  *  roots'  of  the  Sympathetic,  but  being  really  commissural  bands  that 

'  II  must  he  carefully  borne  in  mind,  that,  althnufrh  the  proper  Sympathetic  fibre!  are 
all  '  gelatinous,'  jet  that  the  Cerebro-Spin»tl  syptcra  contains  •  gelatitious  '  fibres  of  ita  own, 
wbich  are  very  abundant  in  eome  parts.     (See  Pri.nc.  or  Oks.  Purs.,  Am.  EA.) 
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L1>ring  the  two  Bysteras  into  connection)  from  both  roots  of  the  Spinal  nerves,  and 
Ipass  throu}:h  the  prevertebral  gan<xHa  inlo  the  Sjinpathetic  system,  without  un- 
deriroing  any  ostensible  change.    Thus 

it  appears  that  the  Cerebro-^pinal  and  [Fib.  1*4. 

Sympathetic  systems  tntrrjyeuff raft: one 
soother;  each  having  its  own  series 
of  ganglionic  centres,  and  of  trunks 
connected  with  them  ;  bat  each  iiystcm 
transmitting  its  fibres  into  the  trunks 
of  the  other,  so  as  to  be  peripherically 
distributed  with  their  raiuiScatiuns. 

825.  The  distribution  of  the  princi- 
pal trunks  and  branches  of  the  Sym- 
pathetic syiitem  laiiy  be  concisely 
stated  as  follows  : — 1,  Those  of  the 
Cardiac  plexus  prueeed  chiefly  to  the 
Heart  and  groat  blood-vessels,  wht-nce 
they  are  continued,  with  ruinforce- 
luetits  derived-from  other  subdivi-Hions, 
8od  with  multitudes  of  minute  ganglia 
in  their  course,  along  the  rainifioa- 
tions  of  the  Vascular  system  through- 
out the  body,  embracing  them  as  ivy 
embraces  the  trunk  and  branches  of 
%  tree.  Those  of  the  Solar  plexus 
are  transmitted  in  part  to  the  niug- 
oular  walls  of  the  Alimentary  canal, 
from  the  stomach  to  the  lower  end  of 
the  colon ;  in  part  to  the  principal 
arterial  branches  pivon-off  from  the 
aorta,  and  with  them  to  the  liver, 
pancreas,  spleen,  and  kidoeys,  as  also 
to  the  testes  of  the  male  and  the  ova- 
ries of  the  female.  Those  of  the  Hy- 
pngfuln'c  plexus  supply  the  muscular 
walls  of  the  pelvic  viscera,  the  blad- 
der, urethra,  vagina  of  the  female, 
and  reftum ;  besides  sending  branches  to  the  bloodvessels  themselves. — 2.  The 
branches  of  the  Frcirrtfhral  ganj^lia  of  the  trunk  for  the  most  pnrt  contribute  to 
form  the  plexuses  just  described.  Those  of  the  neck,  however,  furnish  a  Inrge  sap- 
ply  to  the  carotid  artery,  round  which  they  form  a  plexus,  and  also  give-off  branches 
which  inosculate  with  those  of  the  Piieumogastric  to  form  the  pharyngeal  and 
hiryngoal  plexuses;  and  those  of  the  upper  part  of  the  thorax,  plve-ofF  branches 
■which  inosculate  with  those  of  the  Piieumogastric  to  form  the  pulmonary  plexus. 
Of  the  ophthalmic  ganirlion  (§  492),  the  branches  are  distributed,  not  merely  to 
the  iris,  whose  radiating  fibres  are  made  to  contract  through  their  instruraentsility, 
as  already  explained  (§  757) ;  but  also  the  vascular  apparatus  of  the  eyeball, 
and  especially  to  the  ciliary  proces'ses,  which  seem  to  possess  a  sort  of  erectile 
vharacter.  The  otic  ganglion,  wliich  commuiijcatcs  with  the  third  division  of  the 
Fifth  pair,  and  with  the  Glosso-pharyngeal,  may  be  considered,  from  the  distri- 
bution of  most  of  its  branches  to  the  tensor  tynipani  and  circumflexus  palati 
muscles,  as  ministering  to  the  exercise  of  the  sense  of  Hearing,  in  somewhat 
the  same  mode  that  the  ophthalmic  ganglion  seems  to  do  to  that  of  vision  (§  781). 
The  Sfthcno-palatine  ganglion  (Fig  11*7),  whose  connections  are  with  the  Fifth  and 
the  Facial  nerves,  seems  in  like  manner  to  minister,  by  the  distriburi.m  i.f  its 
branches  on  the  mucous  uiembmne  of  the  nasal  cavity  and  the  palate,  to  the 


Boot*  oT  ft  Hjorikl  ipinal  nerve,  and  it*  naloa 
with  ji,Ttnpath«tio:  e,  e.  Anterior  fluare  of  the 
sptTtnl  cord.  a.  Anterior  root.  p.  Posterior  root, 
with  it/i  ganglion,  a'.  Anterior  brunch,  jj'.  Pi>»- 
terior  brunch.  ».  Sympiithetic,  «.  lU  douhle 
Junction  with  the  sntorior  bmocli  of  the  ipiDid 
nerve  bjr  a  white  tuni  gray  Glauiont.] 
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senses  of  Smell  and  Taste.     Of  the  Submaxillary  ganglion,  which  also  is  chiefly 
connected  with  the  Fifth  and  the  Facial  nerven,  the  brunches  proceed  almost  en- 
tirely to  the  Submaxillary  gland. — 3. 
[Fm,  135.  The  fibres  which  arise  from  the  pn- 

gha  on  the  posterior  roots  of  the  Spi- 
nal nerves  (if  really  belonging  to  the 
Sympathetic  system)  must  be  distri- 
buted along  with  the  branches  pro- 
ceoding  from  the  trunks  which  thi-T 
help  to  form ;  as  must  also  a  port  of 
those  fibres  which  arc  sent  from  the 
proper  Sympathetic  ganglia  into  ihe 
,j^  roots  of  the  same  nerves,  a  large  part 
of  them,  however,  boiogr  distributed 
upon  thn  blood-vessels  of  the  Spinal 
Cord  itself.  | 

S26.  If,  then,  it  be  enquired  ^li^^H 
inferences   we   are   entitled    to  dn^^| 
respecting  the  functions  of  the  Sytn- 
pathotic  system  of  nerves,  from  our 

k  «..,»>.. »    f .,.,».  «*  »i.-  ^.^M.  „f .»,«  A»   knowledge  of  its  Anatomical  distribu- 

A  reprefetitntion  of  tome  oi  tbe  oervM  or  tne  or-    .  p  -       -r?   j  •  i 

bit.  eiT)<>ciftil7  to  *how  the  lenticular  ganpiion  (Ar-  tion,  we  are  at  once  justified  in  repij- 
noiH).     I.  Oaniclion  uf  Ihe  fifth.    2.  Ojihthnimic  ing,  that  a  large  proportion   of  the 

ntTvo.     R.  rpper  mnxillsry.     4.  Lower  rnaxillnry.  Muscular    apparatus    which     directlj 

5.  NHsall^r^nch,  giving  the  ;o,.s  r<^«  to  the  Icnti- n,inigt^„   to   the  Organic  functions, 

caUr   Kunjrluin.     8.  Third  nerre.     7.  Inferior    ob-  ,  ,  ,  •   P  ,       , 

liqu«  branch  of  the  third  connected  i.ith  the  Ran-  " ^^at,  namely,  whlch  SUrrouods  the 
gliou  by  the  •*.;rf  rof,(.  8.  Optic  nerve.  9.  Sixth  alimentary  canal  from  the  gtoraach 
nerve.     10,  Sympathetic  on  the  carotid  artery.]         downwarda,     With      the      gland-doctt 

which  Open  into  it, — that,  aLso,  which 
forms  the  walls  of  the  bladder  and  uferus,  of  the  ureters  and  fnllopinn  tubes, — and 
thai,  too,  which  governs  the  diameter  of  the  blood- vessels, — receives  no  ofk^r  nrrr- 
otis  tvppf^ ;  and,  consequently,  that  of  whatever  motor  influence  these  parts  may 
receive  from  Mental  states  or  from  excitation  not  applied  to  thenaselves,  this 
system  of  nerves  must  be  the  channel.  The  same  may  be  said,  too,  in  regard  to 
that  greater  portion  of  the  Glandular  iipparatus,  which  is  exclusively  supplied  by 
the  Sympathetic  nerve,  and  chiefly  by  the  plexuses  that  embrace  its  blood- 
vessels; since  any  such  alterations  in  its  rate  of  activity,  or  in  the  character  of 
its  products,  as  depend  upon  condifions  of  Mind,  can  be  brought-about  through 
no  other  instrumentality. — It  is  not  a  little  remarkable,  however,  that  tho«« 
portions  of  the  Muscular  apparntus  of  Organic  life,  which  most  obviously  exhibit 
in  their  action  tbe  in6ueace  of  the  Nervous  system,  both  in  their  respondence  to 
emotional  states,  and  in  their  j<ympathy  with  disturbance  in  other  functions, — 
natnely  the  Heart  and  the  Stomach, — derive  a  considerable  part  of  their  nervou* 
supply  dircetlj-  from  the  Cerebro-spinal  system.  Aud  it  is  still  vaore  significant,  that 
most  of  those  Glands  whose  function  is  occasioDal,  and  whoso  states  of  activity 
are  most  obviously  influenced  by  affections  of  the  Mind,  are  specially  supplied  by 
Cerebro-spinal  nerves,  in  addition  to  the  Sympafhetio  plexuses  which  ihvy 
receive  on  the  walls  of  their  blood-vessels  :  thus,  the  lachrymal  and  Salivary 
glands  are  supplied  with  branches  of  the  Fiflh  and  Facial  nerves;  the  MamiMiy 
glands  by  branches  of  the  Intercostal."  ;  and  the  Gastric  glandulae  by  tbe  Pneuioo- 
gastric.  It  cannot  but  be  deemed  highly  probable,  then,  from  this  circumstance 
alone,  that  the  influence  of  mental  slates  upon  the  function  of  Secretion  mav  ha 
exerted  through  the  nerves  of  the  Cerebro-spinal  system,  as  well  as  throngfa  tboM 
of  the  Sympathetic. 

8*J7.   It  must  be  in  virtue  of  the  connections  of  the  Svniipathetic  with  tl 
r«rebro-8pinal  system,  that  tbe  parts  which  are  solely  supplied  with  aerves  fi 


■  Ffjr,  196.— The  otic  KnDglion  aeen  from  the  inner  «ido.    (From  Arnold.)    a.  Int«rnftl  ptery- 

goid muscle.  6.  CRTolid  irtery  wilh  the  ejropnibetic.  e.  Histoid  procces.  d.  Membrane  of 
tympanum,  e.  Bonei  of  tympanum,  1.  GasceciaD  ganglion.  2.  Firat  division  or  firth.  3. 
Beeond  division.  4.  Third  divt»iun.  6.  Branch  to  tenaor  palatL  B.  Small  »uperiScial  petroaal 
B«rre.  7.  Chorda  tympiuii.  The  nerve  of  the  intemnl  pterygoid  maacle  ia  a»D  on  the 
mnscle.] 

Fig.  197. — A  view  of  the  olfactory  nerre,  and  of  Meckel's  ganglion  seen  from  the  inner  side. 
(From  Scarpa.)  a.  Elevator  muscle  of  the  soft  palate  thrown  down.  b.  Partof  the  soft  palate, 
c  Body  of  the  sphenoid  hanc  d.  Internal  pterygoid  plate.  1.  Balbof  the  olfactory  nerve?, 
{iTtng  brftscfaes  over  the  upper  two  spongy  boner.  3.  Nasal  branch  of  the  opbtbaloiio  nerve. 
9.  Smnller  palatine  nerve.  4.  Moekel's  ganglion.  C.  Larger  palatine  aerve,  dividing  in  the 
ruof  of  the  mouth.     0.  Vidian  nerre.    7.  External  p&latine  oerro.] 
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the  fonner,  are  capable  of  tratismitting  eeasory  impreMiioas  to  the  Sensoriura, 
It  is  true  that,  under  arditiarj  circumstances,  these  parts  are  insensible  ;  that  is, 
itnpre.«i8iotis  made  upon  them  dn  not  travel  onwards  through  (he  Spina!  Cord  to 
the  Enccphnbu  :  but  their  seusibility  ia  acutely  manifcBted  in  luorbid  states,  in 
which  the  impreasions  eeem  to  be  propagated  further  than  usual,  in  virtue  of 
their  greater  potency.  That  it  ia  the  office  of  the  gunglia  on  the  roots  of  the 
Spinal  nerves  to  '*  cut-off  sensation,"  that  is,  to  prevent  the  farther  transtuission 
of  sensory  impressions,  is  an  old  doctrine;  and  there  seetns  much  reason  to  be- 
lieve that  this  may  be  effected  by  the  free  communication  between  one  fibre  atid 
atiother,  which  is  established  through  the  vesicular  subf^tance  of  a  ganglion,  si> 
that  the  whole  force  of  ordinary  itupressions  on  the  nerve-fibres  ifl  Jost  id  diffu- 
sion among  the  rest  of  their  contents.  The  same  principle  seems  to  apply  to  the 
motor-fibres ;  for  there  are  cases  which  show  that  when  fibres  obviously  betongias; 
to  Cerebro-spinal  nerves  pass  through  Sympathetic  ganglia,  they  do  not  bo  rapiiily 
or  so  surely  transmit  motor  impalseSf  aa  when  they  have  do  such  relation  to 
ganglia.' 

828.  Altbongh  it  is  not  cany  to  obtain  definite  evidence  of  the  influence  of  the 
Sympathetic  system  od  Muscular  Con(r action ^smtie  this  influence  is  extinguished 
within  a  ehon  time  after  death,  yet  it  has  been  established  by  the  elaborate  rr> 
searches  of  Prof.  Valentin  and  others  (§§  86,  240,  258),  that  contractions  of  the 
various  muscular  parts  supplied  by  the  three  great  Visceral  plexuses  may  l>i»  ♦•i- 
cited  by  irritation  applied  to  their  nerves  and  ganglia.  But  Prof.  V.  baa  further 
shown,  that  the  same  cffuets  may  be  produced  by  irritating  either  the  Preverte- 
bral ganglia,  or  the  cords  of  communication  with  the  Spinal  nerves  which  have 
Deen  sometimes  called  the  '  roots  of  the  Sympathetic,  or  the  roots  of  the  Spinal 
oerves  themselves.     It  results  from  his  inquiries,  that,  although  any  particulur 

•  8e«  Messrs.  Kirke«  and  I'agei^a  "  HiMidhook  of  Fbysiology,"  Am.  Ed.  p.  471. 
47 


738       INFLUENCE  OF  THE  NERVOUS  SYSTEM 

division  of  the  Sympolhetic  nerve  miiBt  be  regarded  as  extremely  complex  in  rtt 
relations,  deriving  its  motor  fibres  from  manj  different  eources,  the  ultimate  i\t- 
tribuiioQ  of  those  fibres  is  sufficiently  simple,  so  that  each  organ  is  defioiteW 
supplied  from  a  certain  part  of  the  Cerebro-spinal  axis.  But  the  fibres  proceed- 
ing from  the  roots  of  the  Cerebro-spinal  nerves  do  not  pass  into  the  Hrami 
organs,  being  transmitted  through  three  or  more  of  the  prevertebral  ganplii  of 
the  Sympathetic,  before  reucbiiig  their  ultimate  destination ;  thus  the  aoior 
fibres  of  the  cardiac  plexus  are  principally  derived  from  the  cervical  portion  of 
the  Spinal  Cord,  those  of  the  solar  plexus  from  the  thoracic  region,  and  thow  of 
the  hypogastric  plexus  from  the  dorsal  region.  80,  again,  we  have  seen  thai  the 
dilatalioD  of  the  Pupil,  which  immediately  depends  on  the  instnimeutalitj  of  the 
Sympathetic  nerve,  is  called-(^:irth  also  by  irritation  of  the  roots  of  the  Sjinl 
nerves  in  the  cer\'ical  region  (§  767). 

820.  It  ean  only  be  through  the  Nervous  System,  that  the  Musctilar  appaalw 
of  Organic  life  is  acted-upon  by  states  of  Mind.  Although  no  exertion  of  the 
Will  cat!  produce  any  effect  upon  any  part  of  it,  yet  there  are  various  oreu9 
whose  muscular  walls  arc  iufiuenced  on  the  one  band  by  Emotional  states,  aodoa 
the  other  by  the  state  of  Expectant  Attention.  The  Heart  sympathizes  so  matb 
with  the  emotions,  that  the  language  of  ahuoi't  all  civilizt-d  nations  refers  to  it  u 
the  if.at  of  the  '  feelings '  (§§  238,  239)  j  but  wo  have  as  yet  no  certain  evidenc*, 
whether  this  influenca  is  transmitted  through  the  Sympathetic  or  through  the 
Pncumogastrie  nerve.  The  former  seems  the  more  probable  channel,  when  ¥•• 
bear  in  mind  that  it  can  be  through  the  Sympathetic  alone  that  those  altemtiou) 
in  the  diameter  of  the  ^lood-vesaels  take-place,  which  give-rise  to  the  LiuiA  (I 
modesty  or  shame,  or  to  the  pallor  which  alternates  with  this  in  many  states  "f 
mental  agitation.'  So,  again,  the  influeuce  of  Emotional  states  is  strikinfriv 
manifested  in  the  production  of  the  peculiar  turgesceoce  of  the  Erectile  ti«sU'> 
(§  282);  and  here  we  have  a  strikiDg  eiampie  of  the  utter  powerlessness  of  \hf 
Will,  in  the  well-known  fact,  that  no  amount  of  sexual  t/eaire  will  produce  erev- 
tion,  if  the  mind  be  possessed  with  any  feeling  of  doubt  or  apprehens-ton  ks  Ui 
the  existence  of  the  sexual  aLidfy.  The  muscular  walls  of  the  Alimentary  caaai 
seem  frequently  to  be  excited  to  increased  action  by  agitating  emotions;  but  it 
may  be  doubted  how  far  this  is  a  primary  effect  of  the  mental  state,  or  bow  (a 
it  ia  consequent  upon  the  iiittucoce  of  that  state  upon  the  Secretions  poured  ia'o 
the  canal  (§  8<i2). — The  influence  of  the  state  of  expectant  atu.tttiouy  as  of  tb» 
emotions,  is  strongly  manifested  in  the  case  of  the  Heart;  the  acliou  of  which, 
as  Sir  H.  Holland  has  remarked,  "is  often  Cjuickened  or  otherwise  disturbed  bj 
the  mere  centering  ibe  con.sciousness  upon  it,  without  any  emotion  or  aniietj. 
On  occasions  where  its  beats  are  audible,  observation  will  give  proof  of  this,  w 
the  physician  can  very  often  infer  it  while  feeling  the  pulse;  and  wher«  there  ts 
liability  to  irregular  pulsation,  such  action  is  lieomingly  brought-on,  or  incrtaueii, 
by  the  effort  of  attention,  even  though  no  obvious  emotion  be  present."*  Tbcie 
can  be  no  doubt  that  the  uiovemcnis  of  the  lowor  part  of  the  Alimentary  Oaail 
ore  capable  of  being  affected  in  a  similar  manner;  since  we  may  frerjuontlv  irwe 
the  rapid  descent  of  the  faecal  mass  into  the  rectum,  when  we  exp>ecl'  to  be 
sliortly  able  to  discbarge  it;  and  it  is  in  great  part  in  this  mode,  that  hahii  of^ 
rates,  in  producing  a  readiness  for  defecation  at  particular  times,  and  that  bi«»- 
pills  and  otber  supposititious  purgatives  unload  the  bowels.* 

'  The  pallor  of  extreme  fear  or  terror  is  probably  due  rather  to  a  state  tending  \q  8}> 
cope,  arising  from  a  partial  failure  of  the  Ilcart'o  uotiou. 

•  "Chapters  on  Mental  rbjaiology,"  p.  16. 

*  The  Author  mnj  mention  the  two  following  case^,  which  have  fal]«n  within  kit  vn 
knowledge,  aa  curiou!»  illustrndona  of  thoiofluencc  uf  mcutal  states  upon  th«  moTeaniti 

|«f  the  alimentary  canal. — The  first  of  ibcse  occurred  in  the  person  of  a  litemry  n)i»«»,  rf » 

rMmewhat  hypochnndriaonl  tempernment,  who  had  bepn  Ironblcd  with  coi\f':  >r- 

at'ss,  fur  wliicU  he  hmi  l>eeii  accustomed  lo  tuke  an  iijierieut  pilt  daily.      Fu  « 

eeaeed  to  have  its  usual  effect,  and  being  fearful  of  increusing  his  regular  d...-. .  ...  ..,    ..ri 
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830.  No  expPTiTncntal  evidence  has  jet  been  oblalne^l,  thnt  the  prnprr  fihrett 
of  the  S*/mpat/tetic  Sj/ntem  have  any  power  of  excitiop  muscular  contraction,  or 
that  its  jranglia  can  ecrve  ns  centrefl  of  reflex  action  to  the  organs  which  ihey 
supply  ;  on  the  contrary,  it  is  quite  certain  that  the  ganglia  on  the  posterior  roots 
of  the  Spinal  nerves  have  no  snch  endowment.  And  as  all  the  facts  which  have 
been  supposed  to  indicate  the  exiRtence  of  Fuch  a  power,  may  be  otherwise  ex- 
plained in  accordance  with  our  fundamental  doctrine  (§§  86—87,  241-243),  there 
seemfl  to  he  no  pround  whatever  for  the  aBsumption  of  its  possession  by  these 
p8rt«  of  the  apparatus. — If,  then,  the  sentori-mofor  endowments  of  the  Sympa- 
thetic trunks  be  Tcstricted  to  those  fibres  which  are  really  Certbro-spinal  in  their 
origin  or  tern>ination,  it  remains  to  inquire  what  arc  the  fanctiona  of  those  true 
Sympathetic  fibres,  whose  vesicular  centrea  lie  in  the  ganglia  of  the  Sympathetic 
system.  Upon  this  point  we  can  only  surmise;  but  there  iippears  strong  ground 
for  the  conclusion,  that  the  oflice  of  these  fibres  is  to  produce  a  direct  influence 
upon  the  cfifmiro-in'faf  processes  concerned  in  the  Orgnnic  functions  of  nutrition, 
Becretion,  &c. ;  an  influence  which,  although  not  essential  to  the  performance  of 
each  separate  act,  may  yet  be  required  to  harmonize  them  all  logether,  and 
to  bring  them  into  connection  with  mental  states. — That  the  Nervous  system 
does  exert  Puch  an  agency,  will  be  presently  shown  ;  and  reasons  have  already 
been  assi^cd,  for  regarding  the  Sympathetic  fibrea  aa,  in  certa,in  cases,  its  only 
po.«sible  channel. 

881.  Turning,  now,  to  the  Cerebro-Spinal  syptem  of  nerves,  we  find  that  the 
exercise  of  a  powerful  influence  by  the  Pneumegastric  nerves,  over  the  secretion 
of  Gttstric  fluid,  seems  to  have  been  conchisively  established  by  the  experimentnl 
researches  formerly  referrcd-to  (§§  101-102);  these  at  the  same  time  no  let^ 
clearly  proving  the  fact,  that  the  Secreting  process  Is  essentially  independent  of 
nervous  influence,  which  exerts  nothing  more  thnn  a  rrgu/ntive  control  over  it 
(§  103).'  The  recent  experiinenis  of  Ludwig,  made  with  a  view  to  dotornuine  the 
influence  of  the  nerve-force  upon  the  Salivary  secretion,  seems  to  jufitify  a  like 
oonchision  in  regard  to  it.  For  he  has  found  thnt  section  of  the  Facial  netve 
entirely  suspends  the  secretion  of  the  Parotid  gland,  save  in  so  far  as  this  is  kept- 

for  advice  to  a  practitioner,  who.  having  had  former  experience  of  what  Mental  npenc? 
•1onp  would  do,  determine!!  to  try  ita  effect  in  this  instance.  Seating  his  pa'ient  before 
him,  with  tlie  nbdonien  unc^vereri,  he  desired  him  to  fii  his  nttention  intently  upon  his 
jtbdoTninnl  eensationa,  and  asBure<l  him  thnt  in  n  Khnrt  time  he  was  qoite  certain  thnt  he 
woold  beg:in  to  feel  n  mi>vetnent  in  hi."  howela,  which  would  end  in  a  copious  evHcuniion. 
He  himgelfdid  nothing  but  leak  steitdilj-  "l  his  pntient,  with  nn  air  of  great  determioation 
and  confidence,  and  point  hia  finger  ftt  the  abilomen,  movtnp  it  nlonn  the  arch  of  the  eoifn, 
»nd  (as  it  were)  in  the  course  of  the  canvrtlalions  of  the  Fmall  intestines,  so  M  to  aid  iht 
patient  in  fixing  his  ottenlion  upon  them.  In  a  phort  time  the  expected  moYements  were 
felt,  and  a  copious  CTacuntion  soon  followed  :  and  for  some  time  afterwards,  the  bowels 
continued  to  act  freely  without  medicrne.  —  In  thp  other  case,  a  Lecturer  nt  k  public  Insti- 
tution was  seized  with  a  (^.tron^  iniipuliie  to  defptatifin  during  hia  lecture;  and  was  greatly 
inconvenienced  by  the  effort  necessury  to  restrfim  it-  Before  every  subsequent  lecture  in 
the  same  plftce.  the  same  impulse  returned  upon  him.  notwithstanding  thnt  he  might  have 
previously  uolonded  his  bowels  elsewhere.  In  this  cnse,  there  was  obviously  n  ftate  of 
apprehension  combined  with  the  simple  anticipntinn  ;  but  the  influence  of  the  latter  la 
shown  by  the  fact,  that  in  no  other  pliice  did  this  indiridual  experience  the  LmpulBe  in 
question  under  the  like  circumstances. 

'  It  is  remarkable  that  experimenters  bo  accurate  as  Bidder  and  Schmidt  should  have 
•▼en  been  led  to  doubt  by  the  results  of  their  experiments,  whether  the  Pneumogastric 
exerts  ony  influenee  on  the  Gastric  secretion;  since  they  did  not  find  that  any  greater 
alteration  took-plnce,  either  in  the  quantity  or  the  quality  of  the  gnslric  fluid,  in  the  case 
of  four  dogs  in  whose  (ttoraachs  a  fistuluui>  orifice  ha<i  been  established,  than  might  be  fairly 
attributed  to  the  shock  occasioned  by  the  severity  of  the  operation.  (8ee  their  "  Ver- 
dnnngssiifte  und  Stoffwechsel,"  pp.  90-[t7.)  Py  Volkiniinn,  moreover,  it  is  affirmed  Ihac 
the  branches  of  the  I'neumogaslric  distributed  on  the  Btomnch,  really  consist  of  Sympa- 
thetic 61ament9,  which  are  found  to  constitute  a  larger  and  larger  proportion  of  it,  and 
farther  it  is  examined  from  its  point  of  exit  from  the  Cranium.  (See  Wagner's  "  Hand- 
worlerbuch  der  Physiologie,"  band  ii.  p.  681.) 
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lip  by  the  iodircct  action  of  the  Fifth  pair  and  of  the  Glossopharynpeal,  tbroo^ 
the  stimulus  afforded  by  the  moTcmcnta  of  mastication  and  defrlntition;  vbilst 
tho  ftecretion  of  the  Sub-maxillary  gland  is  suspended  by  section  of  the  Fifth 
and  Facial,  tbia  being  a  direct  result  of  the  withdrawal  of  nervous  iofloeoce,  iixi 
not  being  merely  dependent  upon  the  abftcnce  of  the  stimulus  afforded  bj  the 
contractions  of  the  adjacent  musclea.' — It  eeeras  probable  from  these  experimest^ 
tind  from  the  phenomena  to  be  presently  adduced,  that  those  secreting  pr 
which  (from  being  concerned  in  some  occasional  or  intermitting  function, 
of  forming  part  of  that  general  system  of  Excretory  actions  whose  uDintemipKd 
continuance  is  essential  to  the  maintenance  of  the  normal  purity  of  the  blood, 
1 381)  only  ta1{e-place  at  certain  times,  or  in  constequcnce  of  definite  exdtantit 
'ire  called  into  activity  by  the  instrumontality  of  the  nerves  which  supply  ibeir 
respective  glands.  And  there  arc  various  Pathological  phenomena,  which  indi- 
cate that  it  is  by  nervous  influence  that  the  ntucoug  secretion  covering  the  mnti. 
branes  is  caused  to  be  regularly  formed  for  their  protection  ;  for,  when  thk 
ioilucnee  i»  interrupted  by  paralysis  of  the  nerves,  and  the  secretion  is  no  Iodett 
supplied,  the  membrane,  losing  its  protection,  is  irritated  by  the  air  or  the  floidi 
with  which  it  may  be  in  contact,  and  passes  into  an  inflammatory  condition. 
This  is  partly  tho  explanation  of  the  fact,  now  well  ascertained,  that  the  eye 
is  liable  to  suppurate  when  the  Fifth  pair  has  been  divided  ;  and  llfso  of  the 
frerjuent  occurrence  of  disease  of  the  mucous  membrane  of  the  bladder  ii 
paraplegia.  JH 

832.  The  inflaence  of  particular  conditiona  of  the  Mind,  in  exciting,  gatp^U 
ing,  or  modifv'ing  various  Secretions,  is  a  matter  of  daily  experience.  T!* 
Lachrymal  secretion,  for  example,  which  is  continually  being  formed  to  a  snull 
extent  for  the  purpose  of  bathing  the  surface  of  the  eye,  is  poured-out  in  giw* 
abundance  unJer  the  moderate  excitement  of  the  emotions,  either  of  joy,  teod(T> 
ncRs,  or  grief.  It  is  checked,  however,  by  violent  emotions ;  hence  in  ioteoM 
grief,  rtle  tears  do  not  flow ;  and  it  is  a  well-known  indication  of  moderated  «r- 
row  when  the  gush  takes  place,  this  very  act  affording  a  further  relief  (§  624). 
The  flow  of  Saliva f  again,  is  stimulated  by  the  sight,  the  smell,  the  taste,  or  rm 
by  the  thought  of  food,  especially  of  such  as  is  of  a  savoury  character.  On  Ifcl 
other  band,  violent  emotion  may  suspend  the  salivary  secretion  ;  as  is  shown  by 
the  well-known  test,  often  resorted-to  in  India,  for  the  discovery  of  s  tkin 
amongst  the  servants  of  a  family, — that  of  compelling  all  the  parties  to  hoWi 
certain  quantity  of  rice  in  the  mouth  during  a  few  minntes, — the  offender  beiia 
generally  distinguished  by  the  comparative  dryness  of  his  monthfiil  at  the  end  of 
the  experiment.  There  is  much  reason  to  believe  that  the  secretion  of  Gaxtrk 
fluid  Ls  affected,  in  the  same  manner  as  that  of  the  saliva,  by  the  impreasioai 
made  by  food  upon  the  senses ;  for  it  has  been  ascertained  by  Bidder  and  ScbniA 
(Op.  cit.  p.  35),  that  it  is  copiou.^ly  effused  into  the  stomachs  of  dogs  that  Htre 
been  kept  fasting,  when  flesh  or  any  other  attractive  (bod  is  placed  before  them. 
That  the  secretion  on  the  other  hand,  is  entirely  suspended  by  powerful  meatil 
emotion,  seems  almost  certain,  from  the  well-known  infliuence  which  this  has  is 
dissipating  the  appetite  for  food,  and  in  suspending  the  digestive  process  wbeo  io 
active  operation.  As  a  cheerful  state  of  feeling,  on  the  other  hand,  seems  to  be 
decidedly  fa\'ourable  to  the  performance  of  the  digestive  function,  it  probably  cxerti 
a  bcncficia]  influence,  as  to  both  quantity  and  quality,  on  the  secretion  of  paume 
fluid.  Of  the  influence  of  mental  states  on  other  secretions  concerned  in  the  rcdne^ 
tion  and  appropriation  of  the  food  (such  oe  the  Biliary,  Pancreatic,  and  Intestiiul 
fluids),  neither  observation  nor  experiment  has  as  yet  afforded  any  satisfactorr 
information.  It  is  a  prevalent,  and  perhaps  not  an  ill-founded  opinion,  that  mel- 
ancholy and  jealousy  have  a  tendency  to  increase  the  quantity,  and  to  vitiate  tbc 

■  For  the  very  ingenioua  experimcats  b,v  which  tbeee  points  linre  been  drterminivi  ti; 
Luflwig  ami  his  nssistnnts,  Bechcr  anil  Bahn,  sec  •'  Mitthcihingen  der  Ziiurch.  Nana; 
Oeaellschafl,'"  No.  50,  and  "  Zeitachrift  fiir  rat.  Jled.."  N.  F.,  band  i.  pp.  26&-2«*2. 
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quality  of  the  Biliary  fluid.  Perhaps  the  disorder  of  the  organic  function  is 
snore  commonly  the  source  of  the  former  emotion,  than  its  consequence;  but  it  is 
certain  that  the  indulgence  of  these  feeliiips  produces  a  decidedly  morbific  eflFect 
"by  disordering  the  digestive  prrkreases,  and  ihuJi  reacts  upon  the  nervous  system 
by  impairing  its  healthy  nutrition.  A  copious  secretion  o£  /actid  (/a$  not  unfre- 
quently  takes-place  in  the  intestinal  canal ,  under  the  influence  of  any  disturbing 
emotion ;  or  the  usual  jUm'd  secretions  from  its  walls  are  similarly  dluordored. 
The  tendency  to  Defection  which  is  commonly  excited  under  such  cireumstances, 
is  not,  therefore,  due  simply  to  the  relaxatioo  of  the  sphincter  ani  (as  commonly 
supposed)  ;  but  ia  partly  dependent  on  the  unusually-stimulating  character  of  the 
fajct's  themsclives.  The  same  may  be  said  of  the  tendency  to  Micturition,  which 
is  expenenced  under  similar  conditions;  the  change  in  the  character  of  the 
Urine  becoming  preceptible  enough  among  many  animals,  in  which  it  acquires  a 
powerfully-disa'^reeable  odour  under  the  infiueace  of  fear,  and  thus  answers  the 
purpose  which  is  effected  in  others  by  a  peculiar  secretion.  The  hatitm  from 
t'lr  Luntjn  is  sometimes  almost  ioatautaneously  affected  by  bad  news,  so  as  to  pro- 
duce fcctid  breath.  The  odori/vroni  secretion  of  the  Skin,  "which  is  much  more 
priwerful  in  some  individuals  than  in  others,  is  increased  under  the  influence  of 
certain  mental  emotions  (as  fear  or  bashfulnesa),  and  commonly  also  by  sexual 
desiire.  The  Sexual  secretions  themsclres  are  strongly  influenced  by  the  con- 
ditiuD  of  the  mind.  When  it  is  frefjnently  and  strongly  directed  towards  objects 
of  passion,  these  secretions  are  increased  in  amount,  to  a  degree  which  may 
cause  them  to  be  a  very  injurious  drain  on  the  p<')wer8  of  the  system.  On  the 
other  band,  the  active  employment  of  the  mental  and  bodily  powers  on  othei 
objecta,  has  a  tendency  t^)  render  less  active,  or  even  to  check  altogether,  the 
processes  by  which  they  are  elaborated.' 

833.  No  Secretion  so  strniigly  manifi'sts  the  influence  of  the  Nervous  system, 
and  especially  of  Emotional  states,  both  upon  its  quantity  and  its  quality,  as  that 
of  the  Mammary  glands.  Although  the  production  of  Milk,  when  once  esta- 
blished, continually  goes-on  in  the  breasts  of  a  nursing  female,  yet  it  is  obviously 
accelerated  in  tha  first  instance,  and  augmented  afterwards,  by  the  mechanii-al 
irritHtioQ  of  the  nipple  produced  by  the  suction  of  the  infant;  and  this  alone  (or 
in  combination  with  the  strong  ihfire  to  furnish  milk)  has  been  effectual  in  pro- 
ducing the  secretion  in  girls  and  old  women,  and  even  in  men  (§919).  Again, 
ia  the  nursing  ft/inale,  the  secretion  is  oflen  suddenly  augmented  by  the  nir/ht  of 
the  infant,  or  even  by  the  thought  of  him  in  ab.sence,  especially  when  associated 
with  the  idea  of  suckling ;  this  gives-rise  to  the  sudden  rush  of  blood  to  the 
gland,  which  is  known  by  nurses  as  the  draufjht^  and  which  may  probably  be 
attributed  to  a  dilatation  of  the  Mammary  arttTvcs,  through  the  instrumentality 
of  their  Sympathetic  nerves,  analogous  to  that  which  takes-place  in  the  act  of 

'  This  IB  a  Bimple  Phjsiological  fact,  but  of  bigli  mora]  application.  The  Author 
would  Bay  to  those  of  his  younger  renders,  who  urge  the  waiita  of  Nature  as  an  excuse  for 
tb«  illicit  Ratification  of  the  Btxual  puBBinn,  "  Try  the  efTects  of  clote  mmtal  applieathn 
to  Bome  of  those  ennobliag  purauita  to  which  your  profesaion  introduces  yuu,  iti  conibiua- 
tion  with  tv/orotu  bodily  txercUt  {for  the  effects  of  which  see^Bfi^Jl,  before  you  assert 
tUat  the  appetite  is  unreBtrainable,  and  act  upon  that  asserlion."  Nothing  tends  so  much 
tu  increa.He  the  desire,  as  the  contiuunl  direction  nf  the  mind  towards  the  objecta  of  its 
gratification,  especially  under  the  fnirouriiig  influpnoc  of  sedentary  hitblts;  whilst  nothing 
ec»  effectually  represses  it,  as  the  determinate  exercise  of  the  mental  faculties  upon  other 
objecta  (J  6<^],  and  the  expenditure  of  nervous  energy  in  other  channels  (\  024). — There 
seems  to  b«  Bomething  in  the  process  of  training  young  men  for  the  Medical  Profession, 
which  encourages  in  them  a  laxity  of  thought  and  expr(»8!<iou  on  these  matters,  that  gene- 
roily  ends  in  a  laxity  of  principle  and  of  nation.  It  might  have  been  expected  that  those 
who  are  so  contiuually  wilnesaiug  the  melnncholy  cocL-ieiiuenceB  of  the  viohktion  of  the 
Divine  law  in  this  paHicular,  would  be  the  last  to  break  it  themselTes;  but  this  ia  unfor- 
tiiautely  rery  far  from  being  (he  case.  The  Author  regrets  being  obliged  further  to  re- 
nark,  that  Bomo  works  which  bare  issued  from  the  Medical  preas,  contain  much  that  it 
calculated  to  excite,  rather  than  to  repress,  the  propenaity  ;  and  that  the  advice  BuueCimev 
given  by  practltioaers  to  their  piitients,  is  immoral  as  well  as  unscientifio. 
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blushing  (§  829). — Although  we  are  continnaUj  witnessing  indications  of  the 
powerful  influence  af  Emotional  stutes  upon  the  qunhties  of  the  MamtnaTy  secre- 
tion, yet  it  ia  probable  that  such  influence  is  not  at  all  peculiar  to  the  milk;  and 
tbut  we  only  recognize  it  more  readily  io  ihia  case,  becaase  the  digestive  system 
of  the  Infant  is  a  more  delicate  apparatus  for  testing  it,  than  any  which  the  Che- 
mist tan  devise;  affording  proof,  by  disonier  of  it8  function,  of  changes  in  the 
character  of  the  secretion,  which  no  examination  of  it»  physical  properties  could 
detect.  The  foHowing  remarks  on  this  subject  are  abridged  from  Sir  A.  Cooper's 
valuable  work  on  the  Breast.  "  The  secretion  of  milk  proceeds  best  in  a  tranquil 
itoteof  mind,  and  with  a  cheerful  temper;  then  the  milk  ia  regularly  abundant, 
and  agrees  well  with  the  child.  On  the  contrnry,  n  fret/ul  lrmj>er  lessens  the 
quantity  of  milk,  makes  it  thin  and  serous,  and  rausos  it  to  disturb  the  child's 
bowels,  producing  intestinal  fever  and  much  griping.  Fits  of  ant/fr  produce  a 
very  irritating  milk,  followed  by  griping  in  the  iafaut,  with  green  stools.  Grirf 
has  a  great  influence  on  lactation,  aind  consequently  upon  the  child.  The  loss  of 
a  near  and  dear  relation,  or  a  change  of  fortune,  will  often  so  much  diminish  the 
secretion  of  milk,  as  to  render  adventitious  aid  necessary  for  the  support  of  the 
child.  Aiixit'ti/  of  mind  diminishes  the  quantity,  and  alters  the  quality,  of  the 
milk.  The  reception  of  a  letter  which  leaves  the  mind  io  anxious  suspense,  les- 
sens the  draught,  and  the  breast  becomes  empty.  If  the  child  be  ill,  and  the 
mother  is  anxious  respecting  it.  she  complains  to  her  medical  attendant  that  she 
has  little  milk,  and  that  her  infant  is  griped  and  has  frequent  green  and  frothy 
motions.  Ftar  has  a  powerful  influence  on  the  secretion  of  milk.  I  am  informed 
by  a  medical  man  who  practises  much  among  the  poor,  that  the  apprehension  of 
the  brutal  conduct  of  a  drunken  husbatid,  will  put  a  stop  for  a  time  to  the  secre- 
tion of  milk.  When  thi.s  hjippensi,  the  breast  feels  knotted  and  hard,  flaccid  from 
the  absence  of  milk,  and  that  which  is  secreted  is  highly  irritating;  and  sonie 
time  elapses  before  a  healthy  secretion  returns.  Terror,  which  is  sudden  ai»d 
great  fear,  instantly  »top.s  this  secretion."  Of  this,  two  striking  iostADCcs,  in 
which  the  secretion,  although  previously  abnndant,  was  completely  arrested  by 
this  emotion,  are  detailed  by  Sir  A.  C.  "Those  pnssions  which  are  penemlly 
sources  of  pleasure,  and  which,  when  moderately  indulged,  are  conducive  to 
health,  will,  when  carried  to  excess^  alter,  and  even  entirely  check  the  secretion 
of  milk." 

834.  There  is  even  evidence  that  the  Mammary  secretion  may  aoquire  an 
actually /ioijfonouj  character,  under  the  influence  of  violent  mental  excitement; 
for  certain  phenomena  which  might  otherwis^ie  be  regarded  io  no  other  light  than 
as  simple  coincidences,  appear  to  justify  (his  inference,  when  interpreted  by  the 
less  striking  but  equally  deoisive  facts  already  mentioned.  *' A  Carpenter  fell 
into  a  quarrel  with  a  Soldier  billeted  in  his  house,  and  was  set-upon  by  the  latter 
with  his  drawn  sword.  The  wife  of  the  Carpenter  at  first  trembled  from  fei^^J 
and  terror,  and  then  suddenly  threw  herself  furi^^usly  between  the  conibatanMH 
wrested  the  sword  from  the  soldier's  hand,  broke  it  in  pieces,  and  threw  it  awav?^^ 
During  the  tumult,  some  neighbours  oame-in  and  separated  the  men.  While  Io 
this  state  of  strong  excitement,  the  mother  took-up  her  child  from  the  cradle, 
where  it  lay  playing,  and  in  the  most  perfect  health,  never  having  had  a  mo- 
ment's illness;  she  gave  it  the  breast,  and  in  so  doing  scaled  its  fate.  In  a  few 
minutes  the  infant  left-off  sucking,  became  restless,  punted,  and  sank  dead  upon 
its  mother'a  bosom.  The  physician  who  was  instantly  called-in,  found  the  child 
lying  in  the  cradle,  as*  if  asleep,  and  with  its  features  undisturbed ;  bat  all  hia 
resources  were  fruitless.     It  was  irrecoverably  gone."'     Id  this  interesting  case, 

'  Dr.  Von  Ammon,  in  his  treatise  "Die  ersten  Muttcrpflichten  und  die  erste  Kinilw- 
pflepe,"  quoted  in  Dr.  A.  Cotnbe'a  excellent  little  work  on  "  The  Manngement  of  lofoncy." 
— Similar  facte  are  r«!orded  hy  other  writers.  Mr.  Wardrop  roenlious  ("  L»nort."  No, 
b\*h},  fhnt  having  removed  a  eiBAll  tumour  from  behind  the  ear  of  n  mother,  all  went  well, 
until  she  fell  into  a  violent  passion;  and  the  child,  being  suoklod  soon  oftemurds,  died  la 
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the  tnilk  must  have  undergone  a  change  Trhich  pave  it  a  powerful  Bcdntive  action 
upon  the  susceptible  nervous  systom  of  the  infant. — The  following,  which  oc- 
curred within  the  Author's  own  knowledge,  is  perhaps  equally  valuable  to  the 
I'hysiulopat,  aa  an  example  of  the  eiiotlurly-fatal  influence  of  undue  emotion  of 
a  different  charskCtcr;  and  both  should  serve  as  a  salutary  warning  to  mothers, 
uot  to  indulge  cither  in  the  exciting  or  in  the  depressing  passions.  A  Lady  hav- 
log  several  children,  of  which  none  had  manifested  any  particulor  tendency  to 
cerebral  diaeaae,  and  of  which  the  youngest  was  a  healthy  infant  a  few  months' 
old,  heard  of  the  death  (from  acute  hydrocephalus)  of  the  infant  child  of  a  friend 
residing  at  a  distance,  with  whom  she  bad  been  on  terms  of  clo^e  intimacy,  and 
whose  family  had  increased  almost  contemporaneously  with  her  own.  The  cir- 
cumsiance  naturally  made  a  strong  impression  on  her  mind  ;  and  she  dwelt  upon 
it  the  more,  perhaps,  aa  she  happened,  at  that  periotl,  to  he  separated  from  the 
rest  of  her  family,  and  to  bo  much  alono  with  her  babe.  One  morning,  shortly 
after  having  nursed  it,  she  laid  the  infant  in  its.  cradle,  asleep  and  apparently  in 
perfect  health;  her  attention  was  shortly  attracted  to  it  by  a  noise;  and,  on  going 
to  the  cradle,  she  found  her  infant  in  a  convulsion,  which  lasted  a  few  moments 
and  then  lefl  it  dead.  Now,  although  the  influence  of  the  mental  emotion  is 
les8  unequivocally  displayed  in  this  cu.sc  ihiin  in  the  last,  it  can  scarcely  be  a 
inatt(T  of  doubt;  since  it  is  natural  that  no  feeling  should  be  stronger  in  the 
mo^ier's  mind  under  such  circum.stance!«,  than  the  fear  that  her  own  beloved 
child  should  be  taken  from  her,  as  that  of  her  friend  had  been  ;  and  it  is  probable 
that  she  had  been  particularly  dwelling  on  it,  at  the  time  of  nursing  the  infant 
on  that  morning.— Another  instance,  in  which  the  matiTnal  influence  was  less 
certain,  hut  in  which  it  was  not  improbably  the  immediate  cause  of  the  fatal 
termiuatiuQ,  occurred  iu  a  family  nearly  related  to  the  Author's.  The  mother 
had  lost  several  children  in  early  infancy,  from  a  convulsive  disorder;  one  infant, 
however,  survived  the  usual ly-fatul  period  ;  but  whilst  nursing  him  one  morning, 
she  had  been  strongly  dwelling  on  the  fear  of  loi^ing  him  also,  although  he  ap- 
peared  a  very  healthy  child.  In  a  iew  minutes  after  the  infant  hud  been  trans- 
ferred into  the  arms  of  the  nurse,  and  whilst  she  was  urging  her  mistress  to  take 
a  more  cheerful  view,  directing  her  attention  to  his  thriving  appearance,  he  was 
ee  xed  with  a  convulsion-Bt,  and  died  almost  instantly.  Now  although  there  was 
here  unquestionably  a  predisposing  cause,  of  which  there  is  do  evidence  in  the 
other  cases,  it  can  scarcely  be  doubted  that  the  cjcciYi'ny  cause  of  the  fatal  disorder 
is  to  he  referred  to  the  mother's  anxiety.  This  case  offers  a  valuable  suggestion, 
— which,  indeed,  would  be  afforded  by  other  considerations, — that  an  infant,  under 
such  circumstances  should  not  be  nursed  by  its  mother,  but  by  another  woman 
of  placid  temperament,  who  has  reared  healthy  children  of  her  own. 

835.  The  influence  of  the  Nervous  System  upon  those  formative  proceasea 
which  constitute  the  functiou  of  Nutritiun,  is  less  evident  than  it  is  upon  the  Se- 
cretory operations;  and  the  nature  of  this  influence  is  rather  to  be  inferred  from 
the  results  of  its  withdrawal,  than  to  be  detuonstrated  in  any  more  direct  manner. 
These  results  are  chiefly  to  be  seen  in  the  altered  nutrition  of  parts  exposed  to 
external  impressions,  as  the  integuments  generally,  but  particulitrly  those  of  the 
extremities;  and  they  may  he  generally  expressed  by  the  statement,  that  the 
withdrawal  of  nervous  influence  from  a  part,  reudera  it  lees  able  to  withstand  the 
destructive  influence  of  physical  agencies.  It  has  been  clearly  shown,  however, 
by  the  careful  experiments  of  M.  Brown-Sequard  (§  501),  that  a  great  part  of  the 

conTolaioDS.  He  was  seat-for  hagtily  to  see  another  cbilJ  in  conTuIaions,  after  taldng;  the 
breast  of  a  nurse  who  had  just  been  screreljr  repriiniinded ;  and  be  was  informed  hy  Sir 
Bicbard  Croft,  tfant  he  had  bcch  lanxij'  gimdar  iDatauces.  Three  oUierg  are  recorded  bj 
Burdach  (Phjaiologte,"  {  522) ;  in  one  of  Ihetn,  the  iufaQt  nus  seized  with  convulaioas  on 
the  right  side  aod  hemiplegia  od  the  left,  on  sucking  immediateljr  after  ita  mother  bad  met 
with  ^oroe  distressing  occurrence.  Anc^thercase  vat  that  of  a  puppy,  which  was  seised 
with  cpdeptic  ooavulsioos,  on  saokiug  its  mother  alter  a  fit  of  rag«. 
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injurious  effects  which  may  be  observed-  to  follow  injuriea  of  the  oerves  of  the 
extremities,  expeniuentally  inflicted,  are  traceable  to  want  of  power  on  the  part 
of  the  anirutil  (consequent  upon  the  paralysed  state  of  the  limbs)  to  withdraw 
them  from  irritating  impreBsions;  and  must  not  be  attributed  to  any  deteriora- 
tion of  the  formative  operations,  directly  resulting  from  the  withdrawal  of  ner- i 
VOU8  agency.     The  following  case,  however,  which  is  given  by  Mr.  Paget '  on  the ' 
authority  of  Mr.  Hilton,  seems  more  unequivocally  to  establish  this  connexion. 
^*  A  man  was  at  Guy's  Hospital,  several  years  ago,  who,  in  consequence  of  a  frao-< 
ture  at  tlie  lower  end  of  the  radius,  repaired  by  an  excessive  quantity  of  newj 
bone,  auffered  compression  of  the  median  nerve.     He  had  ulceration  of  thel 
thumb,  and  of  the  fore  and  middle  fingers,  which  had  resisted  various  trcatment|l 
and  was  cured  ouly  by  so  binding  the  wrist,  that  the  parts  on  the  palmar  aspedi 
being  relaxed,  tbc  pressure  on  the  nerve  was  removed.    So  long  as  this  was  done,! 
the  ulcers  became  and  remained  weJl ;  but  as  soon  as  the  man  was  allowed  to  usej 
his  hiiad,  the  pressure  on  the  nerve  was  removed,  and  the  ulceration  in  the  parti( 
supplied   by  it  returned."     Mr.   Paget  (Op.   cit.),  also  mentions  the   follow-^ 
irjg  curious  case.     "  A  lady  who  is  subject  ^  attacks  of  what  are  called  norfot 
headaches,  always  finds  next  morning  that  some  patches  of  her  hair  are  white, 
if  powdered  with  starch.     The  change  is  effected  in  a  night;  and  in  a  few  daj 
uiler,  the  hairs  gradunlty  regain  their  dark  brownish  colour."     That  such  effect 
arc  rather  to  be  attributed  to  the  loss  or  perversion  of  the  influence  of  the  8\ 
pathetic  system,  than  to  that  of  the  Cerebro-spinal,  would  appear  from  the  fao 
noticed  by  Magendie  and  Longet,  that  destructive  inflammation  of  the  eye  ensue 
wore  quickly  after  division  of  tlie  Fifth  pair  in  front  of  the  Gasserian  ganglion, 
than  when  the  division  is  made  through  the  roots  of  the  nerve,  between  that 
ganglion  and  the  brain ;  the  Sympathetic  tilamcots  which  exist  largely  in  this 
nerve,  being  interrupted  in  their  course  tu  the  tissues  in  the  former  case,  but  not 
in  the  latter,     So  Dr.  Axmauu  found,  that  when  the  Spinal  nerves  of  Frogs  were 
divided  in  front  of  their  Prevertebral  ganglia,  the  nutrition  of  the  parts  supplied 
by  them  was  much  more  injuriously  affected,  than  it  was  when  the  section  was 
made  between  these  ganglia  and  the  Spinal  Cord.     And  this  inference  is  further 
supported  by  the  general  result  of  observation,  that  atrophy  of  parts  anpplicd  by 
the  Spinal  nerves  is  much  greater  when  the  sensory  (gangliated)  as  well  as  the 
motor  roots  are  involved,  than  when  the  latter  alone  are  paralysed  (Paget,  Op. 
cit.). 

836.  There  is  abundant  evidence  that  a  gitddrn  and  violent  excitement  of  some 
depressing  Emotion,  especially  Terror,  may  produce  a  severe  and  even  a  fatal 
dii-turbanco  of  the  Organic  functions ;  with  general  symptoms  (as  Guisiain  '  has 
remarked)  so  strongly  resembling  those  of  sedative  Poisoning,  as  to  make  it 
highly  probable  that  the  blood  ia  dtrcctli/  affected  by  the  Emotional  state,  through 
Nervous  agency;,  and,  in  fact,  the  emotional  alteration  of  various  secretions,  just 
alluded- to  (§§  832-834),  seems  much  more  probably  attributable  to  some  such 
ailection  of  the  blood,  than  to  a  primary  disturbance  of  tho  secreting  process 
itself.  Although  there  C4in  be  no  doubt  that  the  habitual  state  of  the  Emotional 
sensibility  has  an  important  influence  upon  the  general  activity  and  perfection  of 
the  Nutritive  processes, — as  is  ebowu  by  the  well-nourished  appearance  usually 
exhibited  by  thc^e  who  are  free  from  mental  anxiety  as  well  as  from  bodily  ail- 
ment, contrasted  with  the  "  lean  and  hungry  look  "  of  those  who  arc  a  prey  to 
continual  disquietude, — yet  it  is  not  often  that  we  have  the  opportunity  of  ob- 
serving the  production  of  change  in  the  nutrition  of  any  specific  part,  by  strong 
emotional  excitement.  In  the  two  following  cases,  the  correspondence  of  the 
effects  to  their  alleged  causes  m«_y  have  been  only  casual;  and  a  much  larger 
collection  of  facts  would  be  needed  to  t^taUlitk  the  rationale  here  advauoed  is 

>  •'  Lectures  on  Snri^cal  Pathologj." 

*  '•  L^ooB  Oraltts  aur  le«  Pbroaopathies,"  tanL  iii.  pp.  165-168, 
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probalile.  But  so  many  aaaJocous  though  less  strongly-marked  phenomenn  are 
pre9€nt<>d  in  the  records  of  medical  experience,  aud  the  influence  of  the  Emotions 
upon  the  products  of  Secretion  ia  so  confirmatory,  that  there  does  not  seem  any 
reasonable  ground  for  hesitation,  in  adniittinp;  that  the  same  explanation  may 
apply  here  also.  The  first  of  these  cases,  cited  by  Guielain  (loc.  cit.)  from  Ki- 
dard,  is  that  of  a  woman  who,  after  seeing  her  daaglitcr  Tiolently  beateOj  vru^ 
seized  with  great  terror,  and  suddenly  became  affected  with  gangrenous  erysipelas 
of  the  right  brea^it.  But  a  still  more  remarkable  example  of  local  disorder  of 
nutrition,  occasioned  by  powerful  emotion,  and  determined  as  to  its  seat  by  the 
intense  direction  of  the  attention  to  a  particular  part  of  the  body,  is  narrated  by 
Wr.  Carter*  "A  lady,  who  was  watching  her  little  child  at  play,  saw  a  heavy 
window-sash  fall  upon  its  hand,  cutting  off  three  of  the  fingers;  and  she  was  so 
much  overcome  by  fright  and  distress,  as  to  be  unable  to  render  it  any  assistance. 
A  surgeon  was  speedily  obtained,  who^  having  dressed  the  wounds,  turned  him- 
self to  the  mother,  whom  he  found  seated,  moaning,  and  complaining  of  pain  in 
her  hand.  On  examination,  three  fingers,  corresponding  to  those  injured  in  the 
child,  were  discovered  to  be  swollen  and  inflamed,  although  they  had  ailed  nothing 
prior  to  the  accident.  In  foar-and-twenty  hours,  incisions  were  made  into  them, 
and  pus  was  evaouated ;  sloughs  were  afterwards  discharged,  and  the  wounds 
nltimately  healed." 

837.  The  influence  of  the  state  of  expectant  attention^  in  modifying  the  pnv 
cesses  of  Nutrition  and  Secretion,  is  not  less  remarkable  than  we  have  already 
Hf-en  it  to  be  in  the  production  or  moditication  of  Muscular  movements  (§§  659, 
829).  It  feeraa  certain  that  the  simple  tiirectum  of  the  consciousness  to  a  part, 
independently  of  emotional  excitement,  but  with  the  expectation  that  sonae 
change  will  take-place  in  its  organic  activity,  is  often  sufficient  to  induce  such  an 
alteration,  and  would  probably  always  do  so,  if  the  concentration  of  the  attention 
were  sufficient.  The  most  satisfactory  exemplification  of  this  principle  has  been 
given  by  the  experiments  of  Mr.  Braid,  who  has  succeeded  in  producing  very 
decided  changes  in  the  secretions  of  particular  organs,  by  the  fixy,tton  of  the  atten- 
tio'n  upon  them  in  the  'hypnotic'  state  (§  694).  Thus  he  brought-back  an  abun- 
dant flow  of  milk  to  the  breast  of  a  female  who  was  leaving-off  nursing  from 
defect  of  milkj  and  repeated  the  operation  upon  the  other  breast  a  few  days  sub- 
peqoenily,  after  which  the  supply  was  abundant  for  nine  months;  and  in  another 
instance  he  induced  the  catamenial  flow  on  several  Buccesaivo  occasions,  when  the 
usual  time  of  ita  appearance  had  passed.  It  is  nnt  requisite,  however,  to  produce 
the  state  of  Somnambulism  fur  this  purpose,  if  the  attention  can  be  sufficiently 
drawn  to  the  subject  in  any  other  mode;  thus  Mr.  Braid  has  repeatedly  produced 
the  last-named  result  on  a  female  who  pos&essed  considerable  power  of  mental 
concentration,  by  inducing  her  to  fix  her  thoughts  upon  it  for  ten  or  fifteen 
mioatea,  so  as  to  bring-on  a  state  of  Abstraction .' — Now  the  effects  which  are  pro- 
ducible by  this  fohintarif  or  determinate  direction  of  the  consciousneBs  to  the 
result,  are  doubtless  no  lees  produeibtc  by  that  invohmtaiy  fixation  of  the  atten- 
tion upon  it,  which  is  consequent  upon  the  eager  expectation  of  benefit  from 
aome  curative  method  in  which  implicit  confidence  is  placed.  It  is  to  such  a 
stale  that  we  may  fairly  attribute  mast,  if  not  all,  the  cures,  which  have  been 
worked  through  what  ia  popularly  termed  the  'imagination.'  The  cures  are  real 
fdcts,  however  they  may  be  explained;  and  there  is  scarcely  a  malady  in  which 
amendment  has  not  been  produced,  not  merely  in  the  estimation  of  the  patient, 
but  in  the  more  trustwortby  opinioa  of  medical  observers,  by  practices  whteh  can 
have  had  no  other  effect  than  to  direct  the  att>?ii(i<>n  of  the  sufferer  to  the  part, 
and  to  keep  alive  his  conJideiU  erpcctation  of  the  cure.    The  *  charmiug-away '  of 

•  «<  On  the  P&thologj  and  Treatment  of  Hjiteria,"  p.  24. 

•  See  hiB  important  Memoir  on  '  Hypnotic  Therapeotios.'  in  "  Edinb.  Monthly  Journal," 
July,  185-'}. — Of  the  reality  of  this  last  result,  the  Author  haa  had  an  opporlujiiiy,  through 
Mr.  Bniid's  kinilnesa,  of  perfectly  satisfying  himself. 
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warts  by  spells  of  the  most  vulgar  kind,  the  imposition  of  royal  hands  fer  the 
cure  of  the  '  evil,  the  pavings  and  i>troking8  of  Valentine  Greatrakefi,  the  minipa- 
laiions  practised  with  the  'metallic  tractors/'  the  iavocation^  of  Prince  IloUn- 
lohe,  et  lioc  genu*  cymne, — not  omitting  the  globalistic  adtninistrations  of  tbe 
Infioitcsimnl  doctors,  and  tbe  manipulatioDS  of  the  Mesmerists,  of  our  own  lines., 
— have  all  worked  to  the  same  end,  and  have  all  been  alike  succcaefoL  It  ia  un- 
rjuestionable  that,  in  all  such  cases,  the  beneBt  derived  is  in  direct  proporrioo  to 
the/ai7A  of  the  Fiuffercr  in  the  lueans  employed;  and  thus  we  see  that  a  cooph 
of  bread  pills  will  produce  copious  purgation,  and  a  do.«e  of  re<i  pf.ppy  sjnip  will 
serve  as  a  powerful  oarcotic,  if  the  paticot  have  autcrtaioed  a  sa^ScieDtlj-coodkitBt 
expectation  of  such  results. 

838.  This  state  of  confident  expectation,  however,  may  operate  for  erii^ap 
less  than  for  good.  A  fixed  belief  that  a  mortal  disease  had  seised  iipoo  tlie 
frame,  or  that  a  particular  operation  or  system  of  trcatnient  would  prvre  onsa^ 
cesi^rul,  has  been  in  ttumcruus  instances  (there  ia  no  reason  to  doubt)  tbe  dimt 
cause  of  a  fatal  result.  Thus  M.  Ridard  relates  the  case  of  a  man,  thirty  jmui 
of  age,  who  was  aflieeted  with  stone  in  the  bladder,  and  who  R»w  a  patient  die  by 
his  side,  after  being  openttcd-upon  for  tbe  same  complaint.  The  man's  imagi]» 
tion  became  excited }  his  thoughts  were  constantly  fixed  upon  the  operation  irhic^ 
he  liitiiself  expected  to  undergo,  and  upon  the  probable  death  that  would  foil 
and,  id  fact,  without  any  operation  at  all,  be  died  at  the  end  of  a  month,  al 
with  gangrene  both  of  penis  and  scrotum.  Hence  also  it  ta,  that  the 
feeliui^s  of  the  Hypuchnudriac,  who  is  con.^taotly  directing  his  attention  bk^ 
own  fancied  ailments,  tend  to  induce  real  disorder  in  tbe  action  of  the 
which  lire  supposed  to  be  affected. — In  the  same  category,  too,  may  be  pbctd 
thtwe  iout^iniH-s  (to  which  alone  any  value  is  to  be  attached).,  wherein  a  dn»j 
and  fit'ritinffui  ivipression  upon  tbe  mind  of  a  Mother,  has  appeared  to  prodam 
a  corresponding  effect  upon  the  devdoptuent  of  the  faJiu  in  utero  (§  883). 
this  cttse^  the  effect  (if  admitted  to  be  reaily  exerted)  mast  he  produced 
the  maternal  bl<M>J,  and  transmitted  through  it  to  the  fcetus ;  since  there  it  t^ 
nervous  coromunicatioo  between  the  parent  and  the  offspring.  There  is  no  difi- 
cuhy,  however,  in  understanding  bow  this  may  occur  after  what  has  htea  alreadjr 
etnted  (§217)  of  tbe  influence  of  minute  alterations  in  the  Bloody  iu  detanUMBf 
local  alterations  of  uutriiioo. 


CHAPTER  XVI. 
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1. — General  Character  of  the  Function. 

839.  Having  now  passed  in  review  the  various  operations  which  are  conwned 

in  mjiintaining  the  life  of  the  iwfivulunl^  we  have  next  to  proceed  to  those  which 
are  destined  to  the  perpetuation  of  tbe  rtrr/-,  by  the  production  of  succmbt* 
generations  of  similar  beings.  Among  Plants,  tiud  the  lower  tribes  of  Animals 
a  muUiplication  of  independent  beings  takes-place  without  anv  soxoa]  prooe« 
whatever,  by  a  process  of  yemnmtion  or  'budding'  from  the  parent-stock;  the** 
•  buds,'  at  first  entirely  nouri.shed  by  it,  gradually  become  less  and  less  dep«nd«Dl 
upon  it,  and  at  iast  detach  themselves  and  maintain  a  separate  existence.     Not 

'  Dr.  HAygarlh  of  Bnlb  {in  cotijunction  wtth  Mr.  Richard  Stnith  of  Bristol)  t«s1^J  tit 
value  of '  Pcrkins'B  mptallic  tractors,'  by  sutjstituting  two  pieces  of  wood  painted  itj  tmh*- 
tion  of  them,  or  even  a  p'fiir  of  tenpeany  n&ila  disguised  with  5eaKng-waj(,  or  a  ci>u[>l«  tH 
slute-poncilii;  which  thej  found  to  possess  all  the  virtues  that  were  olaixned  for  tb«  nal 
inatruDienta. 
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this  process  may  bo  rc<!:arded  a»  csficntiallj  the  wime  with  that  of  the  ninltipli- 
cation  of  cells  by  Kuhtfivixiun^  wbich  is  one  of  the  roost  ordiuary  operations  of 
growth  and  development;  and  it  ia  peculiar  in  uotbin}»  else  than  tbig, — that  the 
newly-formed  Btrueture,  instead  of  remaining  as  a  constitufnt  and  dependent  purt 
of  the  parental  fiibrio,  is  capable  of  living  independently  of  it,  and  of  thus  existing 
as  a  distinct  individual  when  spontaneously  or  artificially  detached.  Among  the 
hif^her  tribes  of  Auiuials,  as  in  Man,  this  mode  of  reproduftiou,  which  is  mcrtly 
a  multtplicatioD  of  tho  individunl,  and  not  a  real  Generative  process,  does  not 
present  itself,  at  least  in  the  adult  state ;  for  in  no  instance  do  we  find  that  a 
part  of  the  body  scparatLMl  from  the  rest  can  develope  the  organs  which  are 
oocessary  for  the  sustenance  of  its  existence ;  and  the  power  which  the  orci^nisni 
possesses,  of  regenerating  parts  wbich  it  has  last  by  disease  or  accident,  is  re- 
strained  within  very  narrow  limits  (§  !i59).  But  there  is  good  pround  to  believe, 
that  such  a  multiplication  by  subdivisioa  moif  take  place  at  that  earliest  period 
of  embryonic  life,  at  which  the  germ  is  nothing  else  than  a  mass  of  culls,  wherein 
DO  distinction  of  parts  has  as  yet  manifested  itself;  and  that  the  production  of 
two  complete  individuals,  held-togctber  only  by  a  connecting:  band,  may  arise 
from  some  cause  which  deterraines  the  subdivision  of  the  ^'erniinal  mass,  at  the 
period  when  its  grade  of  development  corresponds  with  that  of  the  Hydra  or 
Planaria  (§  3o5).  And  this  view  of  the  case  is  confirmed  by  tbe  facta  already 
stated  (§  359)  in  regard  to  the  higher  degree  of  tbe  regenerating  power  during 
etnbryonia  life,  infancy,  and  chtldboud,  as  compared  with  that  which  remains 
after  the  development  of  the  fabric  has  been  oonipleti'd. 

840.  Tbe  proper  act  of  Generation  in  Man,  as  in  the  Animal  and  Vegetabfe 
Kingdoms  generally  (seepRiNC.  or  Comp.  Phys.,  Chap,  xi.,  Am.  Ed,),  uniformly 
involves  the  union  of  the  contents  of  two  peculiar  cells,  which  may  be  designated 
&s  the  '  sperm-cell,'  and  the '  germ-cell ;  and,  as  in  all  higher  Animals,  the  *sperm- 
oell'  developes  in  its  interior  a  self-moving if^j^rniafozooji;  whilst  the  'germ-cell' 
(germinal  vesicle)  whose  contents  are  fertilized  by  the  spermatozoon,  is  imbeilded  in 
a  mass  o{ y<^k  destined  for  the  early  nutrition  of  the  embr)'o  thence  originating;  so 
tliat  this  embryo,  if  supplied  with  the  requisite  warmth,  as  well  as  drawing  into 
itself  tbe  aliment  stored-up  for  it,  gradually  evolves  itself  into  the  likeness  of  its 
parent.  There  is  a  groat  difference,  however,  among  the  diflcreut  tribes  of  Animals, 
as  to  the  degree  of  assistance  thus  aflbrded  to  the  embryo;  tbe  general  rule  being, 
that  tbe  higher  the  form  which  the  embryo  is  ultimately  to  attain,  the  longer  is  it 
supported  by  its  parent.  Hence  wc  tiDd  tbe  embryos  of  most  Invertebrated  uni- 
mals  coming-fortb  from  the  egg  in  a  condition  very  unlike  their  perfect  type,  and 
only  acquiring  this  after  a  long  succes^sioD  of  subsequent  alterations,  which  fre- 
quently involve  a  complete  change  of  form,  or  mclamorpkosis.  In  Fishes,  how- 
ever, the  embryo,  though  far  from  having  completed  its  embryonic  developujent 
at  the  time  of  its  emersion  from  the  egg,  does  not  differ  so  widely  from  the  adult 
type.  In  Birds,  there  is  a  provision  for  a  much  more  advanced  development ;  the 
store  of  nutritious  matter,  or  '  yolk,'  being  so  large  as  to  allow  the  whole  scries 
of  changes  requisite  for  tbe  formation  of  tbe  complete  chick,  to  take-ptace  before 
it  leaves  tbe  egg.  In  tbe  Mammalia,  on  tbe  contrary,  tbe  quantity  of  yolk  con- 
tained in  the  ovum  is  very  small,  but  the  embryo  m  only  depondent  upon  it  for 
the  materials  of  its  increase  during  the  earliest  stages  of  its  evolution  j  for  it 
speedily  forms  a  special  connection  with  the  parent-structure,  by  means  of  which 
it  is  enabled  to  receive  a  continual  supply  of  newly-prepared  aliment,  so  as  to  be 
supported  at  the  expense  of  this  until  far  advanced  in  its  development.  Some 
approaches  to  this  arrangement  are  met-with  among  oertain  of  tbe  lower  Animals, 
but  it  is  only  in  the  higher  Mammalia  that  it  is  completely  carried-out;  and  it 
is  only  in  this  class,  too,  that  we  tind  a  supplemental  provision  for  the  nutritioa 
of  the  offspring  after  it  has  come  forth  into  the  world.  In  many  of  the  lower 
tribes  of  Animals,  the  fcrtili/.ation  of  tbe  ova  is  accomplished  without  any  sexual 
oongress ;  the  spermatic  fluid  effused  by  the  male,  coming  into  direct  contact  wilU 
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the  ova  previouflly  deposited  by  the  female ;  hut  in  all  the  higher  trihes,  u  it 
Man,  the  Fpt'miatie  fluid  is  conveyed  into  (he  oviducts  of  the  female,  so  as  to 
impregnate  the  ovum  ehortly  after  it  has  quitted  the  ovaritunj  or  even  before  its 
Una]  escape  from  it 

2. — Action  of  the  Male. 

841.  The  Spermatic  fluid  of  the  Male  is  secreted  hy  glandular  organs^  known 
as  Testes.  Each  of  these  consii»ts  of  several  lobules,  which  are  separated  from 
each  other  by  processes  of  tbe  Tunica  Altuginea  that  pass  down  between  them, 
and  also  by  an  extremely  delicate  membrane  (described  by  Sir  A.  Cooper  under 
tbe  name  of  Tunica  YaMulosa)  consieting  of  minute  ramifications  of  the  sper- 
matic blood-vessels  united  by  areolar  tissue.  Each  lobule  (Fig.  198,  1  1)  is 
composed  of  a  mass  of  convoluted  tuhuli  semini/eri,  throutrhout  which  blood- 
vessels are  minutely  distributed.  The 
Fi«.  198.  lobules  differ  greatly  in  size,  some 

containing  one,  and  others  many  of 
tbe  tabuli ;  the  total  nuinher  of  the 
lobules  is  estimated  at  about  450  in 
each  tc!<tis,  and  that  of  the  tubuH  at 
840.  Tbe  walls  of  tbe  tubuli  are 
firmer  than  those  of  similar  gland- 
canals  elsewhere ;  for  outside  the 
basement-membrane  on  which  tbe 
epithelium  rests,  they  have  a  tolera- 
bly-firm but  extensible  envelope, 
composed  of  an  indistinctly-fibrous 
connective  tissue  with  longitudinal 
nuclei.  Their  convolutions  are  so 
arranged,  that  each  lobule  forms  a 
sort  of  cone,  the  apex  of  which  is 
directed  towards  the  rele  testis  (2); 
and  when  they  have  reached  to 
within  a  line  or  two  of  this,  they 
cease  to  be  convoluted,  several  unite 
together  into  tubes  of  larger  diame- 
-_         -,....  3. 1  ...    tcr,  and  these  enter  the  rcte  testis 

Human  TVtdf,  injected  with  tncrcnry  u  coinpletely  i         i  e      i    t-  •    mt 

1.8  poMiblo:-!.  I,  loLulua  fomed  r>f  eeminlferoaa  under  the  name  of  rw6«/t  rw<..   The 

tiii)c«;  2.  rei«  tesili;  8,  tma  cfffronti*;  4,  flcxurcB  mode  in  which  the  tubuli  terminate 

oTthe  etTcrcntTessvUpuslDgintn  tbr  hcnd5, 6,  of  the  at  the  large  end  of  the  lobule,  has 

epidtdymU;  «J,  body  of  thocpididymuii  7,  appendix  J  poj    be^n    clearly    made-out,   owine 

6,  Cauda;  9,  va«  deferens.  _4.i_  *      ii.  u         ^  -i.    •  • 

'   '  partly  to  the  number  of  their  anus- 

toniosca ;  it  is  probably  either  by  ciecal  endings,  or  by  loops.  The  diameter  of  the 
tubuli  is  for  the  most  part  very  uniform  ;  in  the  natural  condition  they  seem  to  vary 
from  about  the  l-190th  to  the  l-170th  of  an  inch;  but  when  injected  with  mer- 
cury, they  are  distended  to  a  size  nearly  double  the  smaller  of  thoitc  dimensions. — 
The  rel«  testis  (^)  consists  of  from  seven  to  thirteen  vessels,  which  run  in  a  waving 
course,  anastomose  with  each  other,  and  again  divide,  being  all  connected  to- 
gether. The  vasa  rffcrentiii  (8),  which  pass  to  the  head  of  the  epididymis,  are 
at  first  straight,  but  soon  become  convoluted  (4),  each  forming  a  sort  of  cone,  of 
wlirch  the  apex  is  directed  towards  the  rete  testis,  the  base  to  the  head  of  the 
eptdidyrai8(6).  The  number  of  these  is  stated  to  vary  from  nine  to  thirty ;  and 
tbeir  length  to  be  about  eight  inches.  The  epitiitij/mis  itself  (6)  consists  of  a 
very  convoluted  canal,  the  length  of  which  is  about  twenty-one  feet.  Into  its 
lower  extremity,  that  is,  the  angle  which  it  makes  where  it  terminates  in  the  vaa 
deferens,  is  poured  the  secretion    of  the  vascuium  aberrans  or  appendix  \j^)] 
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Plan  of  th«  «trnctar«  of  the  Tettii  and  Epidtdymt*  .— 
,  a,  B«minlforaufl  tubes  {  a*,  a*,  their  Knu(omo«ea;  the 


which  seems  like  a  tcAtis  in  miniatare,  closely  rceembling  a  single  lobule  iu  its 

structure.     Its  ^pcciul  function  is  unknown. 

842.  Tbe  fluid  secreted  bj  the  Ttjatis  is  mingled,  during  or  prerioaslj-to  its 

emission^  witb  fluiil   secreted  hy 

the  Vesicula?  Seminalcs,  the  Pros-  Fio.  19», 

tatc,  Cowper'a  glandi4,  &c. ;  and 

it  caanotj  therelbre^  be  ubtaiacd 

pure,  but  by  drawing  it  from  the 

testicle  itself.    No  accurate  annly- 

sis  has  been  mode  of  it  in   the 

Human  subject;  but  the  following 

are   the   results   of  thijse  which 

have  been  made  by  FreriL'bM'  oq 

the  cooteats  of  the   testes   of  a 

rabbit,  a  cock,  nnd  a  carp.     Pure 

Senieu  is  a  milky  fluid,  of  a  mu- 
cous cousiatencQ,  and  ncutraJ  or 

slightly-alkaline    reaction.      The 

imperfectly-developed    Spennato- 

soa  are  composed  of  an  album iuous 

substauccj  the  quantity  of  which 

diminishes  with  their  progress  to- 
wards  maturation^    so   that    the 

perfeotly-doveloped    semen    con- 
tains no   albuminous   compound. 

On  the  other  band,  the  principal 

component  substance  of  the  ma- 
ture SperinaU^ZOa  is  the  same  with   other  nferances  u  in  the  lut  figure. 

that  which  is  the  chief  constituent 

of  the  Epitbelia  and  of  the  Iloniy  tissues  penerally,  namely,  the  '  binoiide  of  pro- 
tein' of  MuJder.  •  Besides  this,  the  spermatozoa  contain  about  4  per  cent,  of  a 
butter-like  fat,  with  some  phosphorus  in  an  unozidized  state,  (probably  combined 
with  the  fatj  as  in  the  phosphorized  fats  of  the  blood-corpuscles  atid  of  nervous 
matter),  and  about  5  percent,  of  phosphate  of  lime.  The  fluid  portion  of  the  serra- 
tion is  a  thin  solution  of  mucus,  which,  in  addition  to  the  animal  matter,  contains 
chloride  of  sodium,  and  small  quantities  of  alkaline  sulphates  and  phosphates.  The 
peculiar  odour  which  the  Semen  possesses,  does  not  appear  to  belong  to  the  pro- 
per spermatic  fluid ;  but  is  probably  derived  from  one  or  other  of  the  secretions 
with  which  it  h  mingled. — The  product  of  tbe  secretion  of  each  Testis  is 
coDveyed-away  by  a  single  va*  d^/erfitn  {*),  which  is  a  cylindrical  cnnid,  having 
within  it«  fibrous  wall,  a  layer  of  non-fitriated  muscular  fibre,  and  being  lined  by 
a  proper  mucous  membrane.  The  vos  deferens  ascending  into  the  abdotiiioul 
cavity  as  a  part  of  the  spermatic  cord,  reaches  the  fundus  of  the  bladder;  und 
there  it  comes  into  proximity  with  the  Vesicula  Hem irui lis  of  its  own  side,  with 
whose  doot  it  unites,  to  form  the  rjaeulatory  durl  which  terminates  on  the  wru- 
montanum  of  the  urethra.  It  has  been  commonly  supposed  that  the  veticulx 
aemituilet  stand  to  the  twtsa  ih/erentia  in  the  same  light  that  the  gall-bladder 
stands  to  the  hepatic  duct;  namely,  as  a  receptacle  into  which  the  seminal  fluid 
may  regurgitate,  and  within  which  it  may  accumulate ;  but  (as  Hunter  was  the 
first  to  maintain)  this  is  not  the  case,  BiDce  the  fluid  that  is  found  in  them  is  tiot 
semen,  and  but  rarely  contains  even  a  small  admixture  of  seminal  fluid.'  More- 
over, these  organs  arc  not  simple  vesicles,  but  have  a  sacculated  glandular  cha- 
racter ;  and  their  secretion  seems  to  bo  of  a  mucou!)  nature.  Into  the  same  part 
of  the  urethra  is  dischargijd  the  secretion  of  the  Prostate  Gland,  which  is  poured- 

•  Art.  ♦  Semtn '  m  "Cyclop,  of  Anat.  And  Physiol.,'*  vol.  iv.  p.  506. 

*  Se«  ArL  *VfricuUe  SemumUi,'  la  "Cyclop,  of  .Ajint-  nnd  Pbjsiol.,"  vol.  iv   p.  1481. 
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forth  by  a  number  (15 — 20)  of  separate  duola  into  a  depressed  fossa  on  eitbe 
eiUe ;  of  the  nature  of  this  secretion  scarcely  anything  is  known  j  and  it  can  be^ 
only  surmised  that  itn  use,  like  that  of  the  fluid  of  the  vesiculae  ecnnnales,  is  toj 
dilute  the  setninal  fluid,  and  to  give  it  such  an  increase  of  bulk  that  it  may  ' 
more  effectually  conveyed  within  the  female  passafrca.  It  seenas  probable,  in^ 
deed,  that  a  certain  dilution  of  the  fluid  secreted  by  the  testes  may  be  a  cooditir 
of  its  power  of  fecuuJation ;  since  it  has  been  ascertained  by  Mr.  Newport,  thai 
too  ctipious  an  application  of  spemiatozna  to  an  ovum  is  absolutely  unfnvourabli 
to  their  action. — That  in  some  way  or  other  both  these  glandular  bodies  serve  ai 
nccesiiory  organs  of  generation,  may  be  inferred  from  the  fact,  that  in  anitna 
which  have  only  a  periodical  aptitude  for  procreation,  they  undorgo  an  altemat 
increase  and  decrousc,  corresponding  with  the  pcriodicul  enlargement  and  dimiatl 
tion  of  the  testes  themselves. 

843,  The  esficntlal  peculiarity  of  the  Spermatic  fluid,  however,  consists  in  thi 
presence  of  a  large  number  of  very  minute  bodies,  the  spermatozoa ,  which,  frot 
their  usually  remaining  in  active  motion  for  some  time  after  they  have  quitt« 
the  living  organism,  have  been  erroneously  considered  as  proper  Animalculf 
The  Human  Spermatozoon  (of  which  representations  are  given  in  Plate  I.,  Fig.  11 
consists  uf  a  little  oval  flattened  'body'  between  the  1-GOOtb  and  the  l-^OOt 
of  a  line  in  length,  from  which  proceeds  a  long  filiform  'tail*  gradually  tap^rinj 
to  the  finest  point,  of  l-50th  or  at  mojst  l-40tb  of  a  line  in  length.     The  whol 
is  perfectly  transparent;  and  nothing  that  can  be  termed   'stnicture'  can 
eritisfactorily  distinguished  wiihin  it.     Its  raoveraonts  are  principally  execute 
by  the  tail,  which  has  a  kind  of  vibratile  undulating  motion;  they  may  oontint 
for  many  hours  after  the  emii>sion  of  the  fluid ;  and  they  arc  not  checked  by  it 
admixture  with  other  secretions,  such  as  the  urine  and  the  prostatic  fluid.     Thul 
in  cases  of  nocturnal  emission,  the  Spermatozoa  may  not  unfroquentlv  be  foun^ 
actively  moving  through  the  urine  in  the  niorning ;  and  those  contained  in  it 
seminal  fluid  collected  from    females   that  have   just  copulated,  are  fre(^ueDt^ 
f'>urid  to  live  many  days.     Their  presence  may  be  readily  detected  by  an  observe! 
fiuuiliar  with   their  appearance,  and   furnished  with  a  Microscope  of  sufficienl 
piiwer,  even  when  they  liave  long  ceased  to  move,  and  are  broken  into  fragments] 
and  the  Piivsician  and  tbe  Medical  Jurist  will  fircqucntly  derive  much  assistanc 
from  an  examination  of  this  kind.     Thus,  cases  are  of  no  uncommon  occurrenc 
espei-'ially  among  those  who  have  been  too  much  addicted  to  sexual  indulgent 
in  which  seminal  emissions  take-place  unconsciously  and  frequently,  and  produc 
great  general  dertingement  of  the  health ;  and  the  true  nature  of  the  complair 
is  obscure,  until  the  foct  has  been  detected  by  ocular  examination.     Again, 
charges  of  rape,  in  which  evidence  of  actual  emission  is  required,  a  microecoj: 
cxaminution  uf  the  stiffened  spots  left  on  the  linen  will  seldom  fail  in  obtainii 
proof,  if  the  act  have  been  completed  :  in  such  cases,  however,  we  must  not  el 
pcct  to  meet  with  more  than  fragments  of  Spermatozoa ;  but  these  are  so  unlil 
anything  else,  that  little  doubt  need  be  entertained  regarding  them.     It  has  bee 
propo««ed  to  employ  the  same  teat,  in  juridical  inquiries  respecting  doubtful  cases 
of  deiitli  by  suspension,  seminal  emissions  being  not  unfrequent  results  of  this 
kind  of  violence;  but  there  are  many  ubvious  objections  which  should  prevent 
uiueh  conr;di>nce  being  placed  iu  it.' 

844.  The  mode  of  evotutiini  of  the  Spermatozoa,  first  discovered  by  Wagner, 
and  more  perfectly  elucidated  by  Kulliker,  is  such  as  to  indicate  that  these  bodies 
are  true  prttduets  of  the  formative  action  of  the  organs  in  which  they  arc  found, 
and  oaiinot  be  ranked  in  the  same  category  with  Animalcules.  They  are  deve- 
loped in  the  interior  of  cells,  or  'vesicles  of  evolution,*  such  ap  are  visible  in  th«_ 
semtiial  fluid  in  various  gl.;iges  of  production  (Plate  L,  Fig.  2,  A,  B,  c),  nnd  ha^ 
been  known  under  the  name  of  '  seminal  grauules.'     These  appear  to  have  bc« 

'  See  the  Ambor'H  Article  •  Asphyxia,'  is  the  "  Libraiy  of  PraotJoal  Me<Udii«,"  and 

*iie  AUtitoincies  Uiere  rct'eired  tu. 
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themselves  formed  within  parent-cells,  which  are  prob*iWj  to  be  regarded  as  the 
epithelial  c^lls  of  the  tuhuli  seminiferi ;  constituting,  liJce  the  aDalosrotm  cells  of 
other  glands,  the  essential  elemeuts  of  the  sperinatia  npporftlua.  Ti)0?c  parent- 
cells  are  sometimes  observed  to  contain  but  a  single  '  vesicle  of  evolution,' as 
shown  at  D;  but  more  commonly  from  three  to  seveo  are  to  be  seen  within  ihera 
(e).  When  taken  from  a  body  recently  dead,  and  cxaniinefl  without  beint; 
treated  with  water  or  any  other  agent,  they  are  quite  pellucid,  and  exhibit  a  deli- 
cate coutour  with  perfectly  homogeneous  contents;  very  speedily,  however,  a  sort 
of  coagulation  takes-place  within  them,  by  which  tbeir  content*  are  rendered 
granular.  Each  of  these  'vesicles  of  evolution '  gives  origin  to  a  spermatossrvon, 
and  to  one  only;  the  earliest  stages  of  its  development  Lave  not  y^t  been  fully 
0iade-out,  since  it  does  not  at  first  exhibit  those  sharp  distinct  contours,  depen- 
dent on  its  great  refractive  power,  which  afterwards  distinguish  it;  but  it  is  seen 
lying  in  the  interior  of  the  cell  a;9  a  slight  linear  shadow,  at  first  partly  hidden  b) 
the  surrounding  granules  (Fig.  3,  b),  but  afterwards  without  any  such  obscura- 
tion.  When  the  vesicle  is  completely  matured,  it  bursts,  and  gives  exit  to  the 
contained  spermatozoon;  hut  it  is  common  for  the  parent-cells  to  retain  the  vesi- 
cles of  evolution,  during  the  development  of  the  spermatorott  within  the  latter; 
eu  thai  the  spermatozoa  set-free  by  the  rupture  of  these,  are  still  enveloped  by  the 
parent-ceil.  In  this  condition  they  have  a  tendency  to  aggregation  in  bundlefi; 
and  these  bundles  are  finally  liberated  by  the  rupture  of  the  parent-cell,  after 
which  the  individual  spermatozoa  separate  one  from  another.  The  spermatozoa 
are  not  normally  found  free  in  the  tubuli  scnTiniferi;  although  they  may  be  there 
BO  far  advanced  in  dcvclnpnient,  that  the  addition  of  water  liberates  thera  by 
Dccasiontng  the  rupture  of  their  envelopjes.  In  the  rele  testis  and  rasa  efferentia, 
the  spermatozoa  are  very  commonly  found  lying  in  bundles  within  the  parent- 
cells,  the  vesicles  of  evolution  having  disappeared  ;  and  they  are  usually  set-free 
completely  by  the  time  that  tUey  reach  the  epididymis,  though  Htlll  frequently 
associated  in  bundles.  The  earlier  phases  are  occasionulty  met-with,  however, 
even  in  the  vas  deferens.' 

845.  That  the  Spermatozoa  are  the  essential  elements  of  the  spermatic  fluid, 
may  be  reasonably  inferred  from  several  considerationa.  The:"e  are  some  cases  in 
which  the  *  liquor  serainis'  is  altogether  absent,  so  that  they  constitute  the  sole 
element  of  the  aemen ;  whilst,  on  the  other  hand,  they  are  never  wanting  in  the 
aenico  of  animals  capable  of  procreation ;  but  are  absent,  or  imperfectly  deve- 
loped, in  the  semen  of  hybrids,  which  are  Dearly  or  entirely  sterile.  Moreover, 
it  may  be  considered  as  certain  that  the  absolute  contact  of  the  spermatozoa  with 
the  ovum  (§  860)  is  refjuisite  for  its  fecundation;  whilst,  on  the  other  hand,  if 
the  spermatozoa  be  carefully  removed  fron»  the  liquor  seminis  by  filtration,  the 
latter  is  entirely  destitute  of  fertilizing  power.*  Hence  the  presence  of  the 
Liquor  Semiuia  must  be  considered  as  merely  incidental;  and  as  answering 
eome  secondary  purpose,  either  in  the  development  or  in  the  coaveyance  of  the 
Spermatozoa. 

846.  The  power  of  procreation  does  not  usually  exist  in  the  Human  Mule, 
l)ofore  the  age  of  from  14  to  16  years;  and  it  may  be  considered  probable  that  no 
Spermatozoa  are  produced  until  that  period,  although  a  fluid  is  secreted  by  tho 
testes.  At  thi.s  epoch,  which  is  ordinarily  designated  as  that  of  PulMrttf,  a  con- 
siderablo  change  takes-place  in  the  bodily  coni<titution  :  the  sexual  organs  undergo 
a  much  increased  development ;  varinus  parts  of  the  surface,  especially  the  chin 
and  the  pubes,  become  covered  with  hair;  the  larynx  enlarges,  and  the  voice 
becomes  lower  in  pitch,  as  well  as  rougher  and  more  puwcrful  ;  and  new  feelings 

'  For  the  latest  re«e&rohefl  on  the  develi>pmeDt,  4o.,  of  theSpermntoion,  Bee  thcelBbornte 
Article  •Semen,'  in  th«  « Cyclop,  of  .^nat.  and  PhvuioL,"  by  Drs.  Wagner  and  Leucknrdt, 
and  Prof.  KoUiker'i  ^'Mikroekotjische  .Anntamie,"  bmid.  ii.,  J  112(3. 

•  This  point  hui  be<*n  completely  eatnblisbed  by  tho  researches  of  Mr,  Newport  {"  PUiL 
Tmna.,"  1851),  who  has  repeiited  and  confinned  (he  expenioeut&l  results  previously  ob- 
tained by  Sp&llancaai  and  by  Prevost  and  Duraoa. 
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and  desires  are  awukcDeil  in  the  miad.  Instances,  however,  are  by  no  means 
rare,  id  which  thcge  clianges  occur  at  a  much  earlier  period  ;  the  full  dcvejop- 
rueot  of  the  generative  organs,  with  manifestations  of  the  sexual  passion,  having 
been  observed  in  children  but  a  few  jears  old.  The  procreative  power  may  la*t, 
if  not  abust'd,  during  a  very  prolonged  period.  Undoubted  instances  of  virility  at 
the  age  of  more  than  100  years  are  on  record ;  but  in  these  cases,  the  general 
bodily  vigour  was  preserved  in  a  very  remarkable  degree.  The  ordinary  rule 
eeems  to  be,  that  sexual  power  is  not  retained  by  the  male  to  any  coneiderabte 
amount,  after  the  age  of  60  or  65  years. 

847.  To  the  use  of  the  sexual  organs  for  the  continuance  of  his  race,  Man  is 
prompted  by  a  powerful  instinctive-desire  (§  5G1),  which  he  shares  with  the  lower 
animals.  This  Instinct,  like  the  other  propensities,  h  excited  by  sensations; 
and  these  may  either  originate  in  the  sexual  organs  themselves,  or  may  be  excited 
through  the  organs  of  special  sense.  Thus  in  Man  it  is  most  powerfully  aroused 
by  impressions  conveyed  through  the  sight  or  the  touch  ;  but  in  many  other  ani- 
mals, the  auditory  and  olfactory  organs  communicate  impres^iions  which  have  an 
equal  power ;  and  it  is  not  improbable  that,  in  certain  morbidly-excited  states  nf 
feeling,  the  same  may  be  the  case  in  ourselves.  Localized  sensations  have  also  a 
very  powerful  effect  in  exciting  sexual  desire,  as  must  have  been  within  the  exp6> 
rience  of  almost  every  one  j  the  fact  is  most  remarkable,  however,  in  oases  of 
Satyria-si.?,  which  disease  is  generally  found  to  be  connected  with  some  obvious 
cause  of  irritation  of  the  generative  syeteni,  such  as  pruritus,  active  congestion, 
&c.  That  some  part  of  the  Encephalon  is  the  seat  of  this  as  of  other  instinctive 
propensities^  appears  from  the  constdenitious  formerly  adduced ;  but  that  the 
Cerebeltum  is  the  part  in  which  this  function  is  specially  located,  cannot  be  re- 
garded as  by  any  means  sufficiently  proved  (§§  657-561).  The  instinct,  whe 
onee  aroused  (even  though  very  obscurely  felt),  acts  upon  the  mental  facult 
and  moral  feelings ;  and  thus  becomes  the  source,  though  almost  unconsciomif 
BO  to  the  individual,  of  the  tendency  to  form  that  kind  of  attachment  towards  one 
one  of  the  opposite  eex,  which  is  known  as  love.  This  tendency  cannot  be  re- 
garded as  a  simple  passion  or  emotion^  since  it  is  the  result  of  the  combined  ope- 
rations of  the  reason,  the  imagination,  and  the  moral  feelings  j  and  it  is  in  this 
engrafttntnt  (so  to  speak)  of  the  psychical  attachment,  upon  the  mere  corporeal 
iuetinct,  thnt  a  difference  exists  between  the  sexual  relations  of  Man  and  those 
of  the  lower  auimul.'j.  In  proportion  as  the  Human  being  makes  the  temporary 
gratififtttion  of  the  mere  sexual  appetite  bis  chief  object,  and  overlooks  the  happi- 
ness ari.siug  from  spiritual  communion,  which  is  not  only  purer  but  more  perma- 
nent, and  of  which  a  renewal  may  be  anticipated  in  anofber  world,— does  he  de- 
grade himself  to  a  level  with  the  brutes  that  perish.  Yet  how  lamentably  fre- 
quent is  this  degradation ! 

848.  When,  impelled  by  sexual  excitement,  the  Male  seeks  intercourse  with 
the  Female,  the  erectile  tissue  of  the  genital  organs  becomes  turgid  with  blood 
(§  282),  and  the  surface  acquires  a  much-increased  sensibility ;  this  is  especially 
acute  in  the  Glans  penis.  i3y  the  friction  of  the  Glans  against  the  rugous  walls 
of  the  Vagina,  the  excitement  is  increased  j  and  the  impression  which  is  thus 
produced  at  last  becomes  so  strong,  that  it  calls-forth,  through  the  medium  of  the 
Spinal  Cord,  a  reflex  contraction  of  the  muscular  fibres  of  the  Vosa  Deferentin, 
and  of  the  muscles  which  surround  the  Vesiculm  Seminiilos,  and  Prostate  Gland. 
These  receptacles  discharge  their  contents  into  the  Urethra;  from  which  thry 
•re  expelled  with  some  degree  of  force,  and  with  a  kind  of  convulsive  action, 
by  its  own  Compressor  muscles.  Now  although  the  sensations  concerned  in  this 
act  are  ordinarily  most  acutely  pleasurable,  there  appears  suflicient  evidence  that 
they  are  by  no  means  esflential  to  its  performance ;  and  that  the  impreasion  which 
19  conveyed  to  the  Spinal  Cord  need  not  give  rise  to  a  sensation,  in  order  to  jro- 
duce  the  reflex  contraction  of  the  Ejaculator  muscles  (§  511).  The  high  dejrree 
of  nervous  excitement  which  the  act  of  coition  involves,  produces  u  suLscuuei 
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dcpreei^ioQ  to  a  corresponding  amount;  and  the  too  frequent  repetition  of  it  is 
productive  of  conaequcncea  very  injurious  to  the  general  health.  This  is  Ktill 
more  the  case  with  the  solitary  indulgence,  which  (it  is  to  he  feared)  is  practised 
by  too  many  youths;  fur  this  substituting  an  unnatural  degree  of  one  kind  of 
excitement,  for  that  which  ia  wanting  iu  another,  cannot  but  be  still  more  trying 
to  the  bodily  powers.  The  scoretion  of  eeminal  fluid  being,  like  other  secretions, 
Tery  much  under  the  control  of  the  nervous  system,  will  be  increased  by  the  con- 
tinual direction  of  the  mind  towards  objects  which  awaken  the  sexual  propensity 
(§  S'd2) ;  and  thus,  if  a  frequent  discharge  be  occasioned,  whether  by  natural  or 
unnatural  excitement,  a  much  larger  quantity  will  altopelher  be  produced,  although 
the  amount  emitted  at  each  period  will  be  less,  and  its  due  perfection  will  not  bo 
attained,  the  fluid  under  such  circumstaucea  being  found  to  contain  an  unduly* 
large  proportion  of  immaturo  seminal  cells.  The  formation  of  the  secretion  seems 
of  itself  to  be  a  much  greater  tax  upon  the  corporeal  powers,  than  might  have 
been  supposed  d  priori :  and  it  is  a  well-known  fact,  that  the  highest  degree  of 
bodily  rigour  is  inconsistent  with  more  than  a  very  moderate  indulgence  in 
sexual  intercourse;  whilst  nothing  is  more  oertain  to  reduce  the  powers,  both  of 
body  and  mind,  than  excess  in  this  respect. — These  principles,  which  are  of  great 
importance  in  the  regulation  of  tho  health,  are  but  expressions  of  the  general  law 
(which  prevails  equally  in  the  Vegetable  and  in  the  Animal  kingdom),  that  the 
Development  of  the  Individual,  and  the  Keproduction  of  the  Species,  stand  in  an 
iDverse  ratio  to  each  other. 

3. — Ac f ion  of  ihe  Female. 

849.  The  essential  part  of  the  Female  Generative  system,  is  that  in  whick  the 
Ova  are  prepared ;  the  other  organs  arcs  merely  accessory,  and  are  not  to  be  found 
Id  a  large  proportion  of  the  Animal  kingdom.  In  many  of  the  lower  animals, 
the  Ovarium  consists  of  a  loose  tissue  containing  many  areola,  in  which  the  Ova 
are  formed,  aad  from  which  they  escape  by  the  rupture  of  the  ceH-wwlls;  in  the 
higher  animals,  as  in  the  Human  female,  the  substance  of  the  Ovarium  is  firm 
and  compact,  and  consists  of  a  nucleated,  tough,  fibrous,  though  not  distinctly 
fibrillar,  connective  tissue,  forming  what  is  known  as  the  stroma;  and  the  Ova, 

[Fio.  200. 


DUi^run  of  h  Gra«fl»n  resicle,  oontaiQing  tn  oraa :  1.  Stroma  or  tissae  of  the  ovarj.  2  and 
8.  Externkl  and  intenikl  tonics  of  the  GraAfinn  vesicle.  4.  Cavity  of  the  reBide.  b.  Thick 
tanie  of  tb«  ovam,  or  yellt-sao.    0.  The  yelk.    7.  The  germinal  reside.    8.  The  germinal  spot.] 

except  when  they  are  approaching  maturity;  can  only  be  distinguished  in  the 
interstices  of  this,  by  the  aid  of  a  high  magnifying  power.  The  Ovum  in  all  Ver- 
tebratod  animals  is  produced  within  a  capsule  or  bag,  the  exterior  of  which  is  in 
contact  with  the  stroma  '>f  tlie  ovnrium  ;  this  has  been  termed,  in  Mammalia,  the 
Cfraajinft  vrficle,  after  the  name 


48 


liflcoverer;  but  the  more  general  atxi 
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appropriate  designation  of  Oinsar  was  given  to  it  by  Dr.  Barry,  wbo  Bhowe<l 
it  exists  in  other  classes  of  Vertebra ta,'     Between  the  Ovum  and  the  Ovisac, 
Oviparous  uaiuiats,  there  is  acarccly  any  iDter\'aI;  but  in  the  Mammalia,  a  large 
amount   of  granular   matter  (compoBed   of  nucleated  celte,  looBcly-aggregated 


Fio.  201. 
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Coastitnent  ports  of  Mammalian  Ovnm: — a,  entire ;  b,  raptnred,  with  the  conttats  eacap- 
Ing ; — m  v,  riteUine  membrane ;  J.  yolk  ;  v  g,  gflrmloal  reside ;  (  g,  genninsl  spot. 

together)  is  present ;  being  especially  found  adherent  to  the  lining  of  the  ovisac, 
to  which  it  forms  a  sort  of  epithelium,  or  internal  tunic,  known  as  the  mcmbranit 
granulosa;  whilst  it  also  forma  a  disk-like  investment  to  the  ovum,  which  is 
termed  the  discus  proltjervs.  The  membrane  which  incloses  the  yolk  in  Mam- 
malia, has  received,  on  acoount  of  its  thickness  and  peculiar  transparency,  the 
distinctive  appellation  of  xona  pclhcida,  (Fig.  201,  m  v). — The  yolk  or  viteUuM 
0)i  'whieb  is  composed  of  albumen  and  oil-particles,  with  traces  of  cells,  is  ri:ry 
email  in  the  Mammalian  ovum,  its  function  being  limited  to  the  sustenance  r>f 
the  genu  during  its  earliest  period  of  development ;  and  it  corresponds  rather  with 
that  part  of  the  yolk  of  the  egg  of  the  higher  Ovipara  which  has  been  distin- 
guished aa  the  'germ-yoik,'  in  consequence  of  its  direct  participation  in  the  for- 
mation of  the  germinal  substance  (§  887),  than  with  that  which  has  been  termed 
the  'food-yolk/  na  not  being  incorporated  with  the  p«nn,  but  being  destined  for  its 
eub^equent  nutrition  by  undergoing  conversion  into  blood.*  Occupying  the  centre 
of  the  vitelline  main*,  in  the  immature  ovum,  is  a  peculiar  cell,  very  different  in 
its  aspect  from  the  eurrounding  substance,  which  is  termed  the  grrminal  vtstfle 
(Fig.  201,  vff)  ;  and  this  has  a  very  distinct  nucleus  (/^)  known  as  the  germinal 
fpot.  This  cell  uivLnl  be  con<iidercd  as  the  essential  part  of  the  ovutn,  and  as 
homologous  with  the  *  germ-cell '  or  •  embryonic  vesicle '  of  the  Vegetable  ovule. 
— The  Human  Ovum  is  extremely  minute;  not  measuring  above  l-120th  of  an 
inch  in  diamet-er,  and  being  sometimes  no  more  than  half  that  size.  The  diani- 
eter  of  the  germinal  vesicle  of  the  Human  ovum  has  not  yet  been  ascertaitied, 
owing  to  the  difBculty  of  isolating  it  from  the  yolk;  in  the  ovum  of  the  Rabbity 
it  is  about  l-720th  of  an  inch ;  and  that  of  the  germinal  spot,  in  the  Mammalia 
generally,  is  from  l-3600th  to  l-2400th  of  an  inch. 

850.  It  appears,  from  the  researches  of  Valentin  and  Bishoff,  that  the  Graafian 
vesicle,  or  Ovisac,  is  formed  previously  to  the  Ovutn,  which  is  subsequently  de- 
veloped in  its  interior;  and  it  would  seem  that  wc  may  regard  it  as  a  vraidt  of 
evolution  for  the  ovum,  in  the  same  way  that  the  gland-celts  of  the  testes  act  as 
vesicles  of  evolution  for  the  spermatozoa.     The  development  of  ovisacs  comuieooes 

'  "Researches  in  Embryology,"  Ist  aeries,  in  '•  Philoa.  Transact,"  1838. 

*  It  has  been  recently  maintained  by  Keinhnrdt,  that  Ibe  Bird's  yolk-bag  is  really  hono- 
logoiis  witb  the  Gronfiun  vesicle  of  the  Mammal  and  its  entire  contctita;  the  'food-ybtk' 
of  the  former  bein^  rt-prescnted  in  the  latter  by  tb«  cellular  snbstance  surrounding  tba 
tona  pellucida,  which  \«  afterwards  developed  into  the  Corpus  Luteutn.  ("Koliikcr  and 
Fiebold's  Zuitscbrifl,"  band.  iii.  beft.  4.) 
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at  a  Tery  early  period  of  life ;  in  the  ovariee  of  florae  animals,  they  can  be  de- 
tected almost  as  soon  as  these  orqana  are  themselves  evolved;  and  in  all,  they 
show  themselves  soon  after  birth.  In  Plate  I.,  Fig.  4.  is  represented  the  condi- 
tion of  the  Graafian  vesicles  ia  various  stages  of  development,  aa  they  ore  etscn 
imbedded  in  the  fibrous  stroma  of  the  ovarium,  in  a  thin  slice  from  the  ovary  of 
a  sow  three  weeks  old  j  by  which  time  the  perminal  vesicle,  which  is  the  first 
part  of  the  ovum  that  innkes  its  appearance,  has  been  developed  in  their  interior. 
The  germinal  vesicle,  which  distiiictly  shows  the  frerminal  spot,  is  surrounded  by 
an  &S8ciublai;e  of  pmnules,  which  j^ives  the  first  indication  of  a  yolk  ;  and  around 
these,  the  zona  pellucida  appears  to  be  guh.Hequcntly  developed.  The  ovum  at 
first  occupies  the  centre  of  the  Graafian  vesicle,  but  it  8ubse(|uently  remove*  to 
its  periphery;  and^  when  the  contents  of  the  ovipac  are  undergoing  lunturation, 
prior  to  their  escnpe,  the  ovum  is  always  found  on  the  side  of  it  nearest  t^  the 
surface  of  the  ovary.  The  proper  Ovisac,  whose  wait  is  formed  of  a  non-vascular 
membrane,  is  eurroundcd  by  a  vascular  layer,  which  is  formed  by  a  condensation 
of  the  ordinary  stroma  of  the  ovarium  j  it  ifl  this  which  ia  usually  deecribed  ua 
the  outer  layer  of  the  Graafian  vesicle. 

851.  A  continual  change  seems  to  be  taking-place  in  the  contentH  of  the  Ova- 
rium, during  the  greater  part  of  life;  certain  of  the  Ovi- 
sacs or  Graafian  vesicles,  and  their  contents,  euceeseively 
arriving  at  maturity,  whilst  others  degenerate  and  die. 
According  to  the  valuable  inquiries  of  Dr.  Ritchie/  it  ap- 
pears that  even  during  the  period  of  childhood,  there  ia  a 
continual  rupture  of  ovisacs  and  discharge  of  ova,  at  the 
surface  of  the  ovarium.  The  Ovaria  are  studded  with  nu- 
merous minute  copper-coloured  maculae,  and  their  surface 
presents  delicate  vesicular  elevations,  which  are  occasioned 
by  the  most  matured  ovisacs;  the  dehiscence  of  these  takes- 
place  by  minute  punctiforra  openings  tu  the  peritoneal  coat, 
and  no  cicatrix  is  left.  At  the  period  of  puberty,  the 
gtroma  of  the  ovarium  is  crowded  with  ovisacs ;  which  are 
still  so  minute,  that  in  the  Ox  (according  to  Dr.  Barr}i'a 
computation)  a  cubic  inch  would  contain  '.iOO  minions  of 
tliem.  The  greatest  advance  ia  seen  in  those  which  are 
situated  near  the  surface  of  the  Ovarium;  and  m  such,  the 
Graafian  vesicle,  with  its  two  coats,  may  be  distinctly  traced. 
Ia  those  animals  whose  aptitude  for  conception  is  periodical, 
the  development  of  the  ova  to  such  a  degree  that  they  be- 
come prepared  for  fecundation,  is  periodical  al.'so.  This 
development  is  made  evident,  when  the  parts  are  examined 
in  an  animal  which  is  *  in  heat,'  by  the  projection  of  the 
Graafian  vesicles  from  the  surface  (Fig.  202);  and  it  con- 
sists not  merely  in  an  increase  of  size,  but  in  certain  in- 
ternal changes  presently  to  be  described  (§  856). 

852.  In  tlie  Human  female,  the  period  of  Puberty,  or  commencing  aptitude 
for  procreation,  is  usually  belweeti  the  13th  and  IGth  years ;  it  is  generally 
thought  to  be  somewhat  earlier  in  warm  climates  than  in  cold,'  and  in  densely- 

'  •'  London  Medical  Gaiette,"  1844. 

•  It  has  been  stated,  by  aljnost  nil  Pliysiologicnl  irritent,  that  woTnun  (like  fruits)  reach 
maturity,  and  that  menstruation  comineace»,  much  earlier  in  hot  cliinal«8,  particularly 
between  the  tropics,  thr.ti  in  temperate  ami  very  cold  countries.  From  many  elaborate 
&ad  intercBtJug  pnpera  which  have  been  published  witiiin  a  few  years,  however,  esp«einlly 
from  those  of  Mr.  Roberton  uf  Mnnchcater  (recently  collected  in  his  '■  EsBays  on  Men- 
BtruBtion,  and  on  Practical  Midwifery."  1861),  it  would  seem  that  the  natural  period  of 
puberty  in  temperate  clitnat^a  occurs  in  a  much  more  extended  ran^e  of  ages,  and  ia 
much  more  equnlly  distributed  through  that  range,  than  otheri  have  nllefccd  ;  and  that, 
in  other  countries,  the  Bupposed  parallel  between  planta  and  fruits  does  uut  hoUl  good. 


Ovarium  of  the  Ralt- 
bit,  at  the  period  ot 
Hent;  Rhowtng  varioaa 
ttnges  of  the  extrusion 
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populated  tnanufacturing  towns  than  in  thinly-peopled  agricultural  districts.    The 
menial  and  bodily  habits  of  the  individual  hove  also  considerable  influence  up^m 
the  time  of  its  occurrence;  girls  bronpht-np  in  the  midst  of  luxury  or  sensual 
indulgence,  undergoing  this  clianpe  earlier  than  those  reared  in  hardihood  and 
self-denial.     The  changes  in  which  puberty  consists,  are  for  the  most  part  con- 
nected with  the  Reproductive  system.     The  eztcmal  and  internal  or^ns  of 
generation  undergo  a  considerable  increase  of  size ;  the  mammary  glands  enlarge ; 
and  a  deposition  of  fat  takes-place  in  the  mammae  and  on  the  pubea,  as  well  as 
over  the  whole  surface  of  the  body,  giving  to  the  person  that  roundness  and  ful- 
nese,  which  are  so  attractive  to  the  opposite  sex  at  the  period  of  cotnroencing 
womanhood.     The  first  appearance  of  the  Catamenia  usually  occurs  whilst  these 
changes  are  in  progress,  and  is  a  decided  indication  of  the  arrival  of  the  peri'>d 
of  puberty  ;  but  it  is  not  unfrequently  delayed  much  longer ;  and  its  absence  is 
by  no  moans  to  be  regarded  as  a  proof  of  the  want  of  aptitude  for  procreation, 
since  many  women  have  home  large  families  without  having  ever  menstruated. 
The  Catamcnial  discharge,  as  it  issues  from  the  uterus,  appears  to  be  nearly  or 
quite  identical  with  ordinary  blood ;  but  in   its  passage  through  the  vagina,  it 
becomes  mixed  with  the  acid  mucus  exuded  from  its  walls,  which  usually  deprives 
it  of  the  power  of  coagukting.     If  tlie  discharge  should  be  profuse,  however,  & 
portion  of  its  fibrin  remains  unaffected,  and  clots  are  formed.     In  cases  in  which, 
by  the  denth  of  women  at  this  period,  an  opportunity  has  been  afforded  for  the 
examination  of  the  lining  membrane  of  the  uterus  during  menstruation,  it  is 
found  to  be  unusually  turgid  with  blood,  the  veins  in  particular  being  much  dis- 
tended, and  opening  upon  the  internol  surface  by  capillary  orifices,  to  which  val- 
vules are  occasionally  found  attached,'     Hence  it  is  scarcely  correct  to  designate 
the  menstrual  flux  as  a  *  secretion;'  although  there  is  reason   to  think  that  it 
may  carry-off,  be-sides  blood,  certain  matters  which  would  be  appropriate  to  the 
formation  of  a  Pecidunl  membrane  (§  StVi),  but  which,  if  not  so  employed,  be- 
come excrementittous. — The  interval  which  usually  elapses  between  the  successive 
appearances  of  the  discharge,  is  about  four  weeks;  and  the  duration  of  the  flow 
is  from  three  to  six  days.     There  is  great  variety  in  this  respect,  however,  among 
the  inhabitants  of  different  climates,  and  among  individuals;  in  general,  tha 
appearance  is  more  frequent,  and  the  duration  of  the  flow  greater,  among  the  I 
residents  in  warm  countries,  and  among  individuals  of  luxurious  habits  and  re« 
laxed  frame,  than  among  the  inhabitants  of  colder  climes,  or  among  individualB ' 
inured  to  bodily  exertion.     The  fir.st  appearance  of  the  discharge  is  nsually  pre- 
ceded  and  accompanied  by  cuni^idenible  gcncrnl  disturbance  of  the  system,  espe- 1 
oially  pjiin  in  the  loins  and  a  sense  of  fatigue  in  the  lower  extremities;  and  itsi 
periodical  return  is  usually  attended  with  the  like  symptoms,  which  are  more  of  | 
less  severe  in  different  individuals. 

853.  Much  discussion  has  taken-place  respecting  the  caoses  and  purposes  of 
the  Menstrual  flow;  and  recent  inquiries  have  thrown  great  light  upon  them.. 
The  state  of  the  female  generative  system,  during  its  continuance,  appears  to  b«j 
analogous  to  the  heat  or  periodic  sexual  excitement,  of  the  lower  animals;  somej 
of  which  have  a  scro-sanguinolent  discharge  at  that  period;  and  among  many  of! 
which,  the  ova  are  entirely  extruded  by  the  female  before  the  spermatic  fluid  off 
the  male  reaches  them,  this  occasionoUy  taking-place  even  in  Birds.  There  ti| 
good  reason  to  believe  that  in  the  Human  female  the  sexual  feeling  become 
stronger  at  the  period  of  menstruation;  and  it  is  quite  certain  that  there  b 

The  fmot  ■wmfl  to  be,  that  tbifi,  like  other  prriodic  ptienoineDB  of  warm-blooded  RDimal 
is  but  little  influenced  bj  exterunl  tvmperature,  simply  because  the  rate  of  growth  kd 
develupTnent,  uf  which  these  phenoinenn  arc  the  eipoDcnts,  is  determined  hj  the  teia>1 
p«rsture  of  the  body  itself,  not  by  that  of  the  eurrovoding  medium.     Still  it  is  quilt] 
po«0ibk>  thnt  osternal  warmth  may  have  a  slight  influence  in  determining  early  puberiy;' 
aince.  ns  already  shown,  it  tends  to  maintain  a  somewhat  higher  degree  of  bodily  heat 

'  bee  Whitehead  "On  Abortion  njid  Sterility,"  pp.  18-37- 
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greater  aptitude  for  CoDccption,  ioimediately  before  and  after  that  epochs  thnn 
there  is  at  any  intermediate  period.  Observations  to  this  effect  were  made  by 
Hippocrates,  aod  were  contirmed  by  Boerhiiave  and  Ilaller;  indeed  coitit8  itiitne- 
diaiely  after  menstruation  appears  to  have  beeo  fmcjuently  recnmiwended  a*  a 
cure  for  sterility,  and  to  have  proved  succeBSiful.  This  question  has  been  made 
the  subject  of  special  inquiry  by  M,  Raciborski  j  who  affirms  that  the  exceptions 
to  the  rule — that  conception  occurs  vna mediately  before  or  after,  or  during  raen- 
Btruation — are  not  aiore  tban  6  or  7  per  cent.  Indeed,  in  his  latest  work  on 
this  subject,'  he  jjives  tbe  details  of  15  cases,  in  which  the  dale  of  conception 
coald  be  accurately  fixed,  and  the  time  of  tbe  last  appearance  of  the  catamenia 
waa  tlso  known ;  and  in  all  but  one  of  thein,  the  correspondence  between  the 
two  periods  was  very  close.  Even  in  thfi  exoeptional  case,  tlie  catauienin  made  their 
appearance  shortly  after  the  coitus;  which  took  place  iit  about  the  middle  of  the 
interval  between  tho  two  regular  periods.  When  conception  occurs  immediately 
before  tbe  menstrual  period,  the  catamenia  sometimes  appear,  and  sometirnos  are 
absent;  if  they  appear,  their  duration  is  penerally  less  than  nsuah  The  fact 
that  conception  often  takea-place  immediately  before  tho  last  appearance  of  the 
catamenia  (and  not  after  it,  as  commonly  imagined),  is  one  well  known  to  prac- 
tical men. — Numerous  cases  have  been  collected  by  Mr.  Gtrdwood,  Dr.  Robert 
Lee,  MM.  Gendrin,  Negrier,  Raciborski,  and  others,  in  which  the  menstrual 
period  was  evidently  connected  with  the  maturation  and  dfechnrge  of  ova;*  but 
the  most  complete  observations  jet  made  on  this  subject,  are  those  of  Br.  Ritcbe 
(loc.  cit.).  He  states  that  about  the  periud  of  puberty  a  marked  change  usually 
takes-place  in  the  mode  in  which  the  ovisaes  discharge  their  contents;  bat  that 
this  change  does  not  necessarily  occur  simultaneously  with  the  first  appearance 
of  the  catameniai;  as  in  some  cai^es,  the  conditions  which  obtain  in  the  period 
before  pubfrty,  are  exteu<led  into  tbat  of  menstruation.  The  ovaries  now  receive 
a  much  larger  supply  of  blood ;  the  ovisacs  show  a  great  increase  in  bulk  and 
vascularity,  so  that,  when  they  appear  at  the  surface  of  the  ovary,  they  present 
themselves  as  pisiform  turgid  elevations;  and  the  discharge  of  their  contenta 
leaves  a  much  larger  cicatrix,  and  is  accompanied  by  an  eS'usion  of  blood  into 
their  cavity,  with  other  subsequent  changes,  to  bo  presently  described.  It  would 
appear,  however,  that  although  such  a  discharge  lakes  place  mott  frequcntli/  at 
the  menstrual  period,  yet  the  two  occurrences  are  not  neces-sariSy  co-existent ;  for 
menstruation  may  take-place  without  any  snch  rupture;  whilst,  on  tbe  other 
hand,  the  maturation  and  discharge  of  mature  ova  may  occur  in  the  intervals  of 
meustruatton,  and  even  at  periods  of  life  when  that  function  b  not  taking-place. 
Perhaps  tbe  most  correct  general  statement  on  the  subject  would  be  this  ;  that 
there  is  a  periodic  return  of  Ovarian  excitement,  which  Omh  to  tho  maturation 
and  extrusion  of  ovules,  though  it  may  not  always  reach  that  point;  whilst  there 
is  also  a  periodic  turgcscence  of  the  vessels  of  the  lining  membrane  of  tbe  Uterus, 
which  teu^t  to  the  production  of  a  decidual  membrane; — but  that  these  two 
periods,  though  usually  coincident,  are  not  necessarily  bo;  and  that  either  change 
mat/  occur  without  the  concurrence  of  the  otbor. 

854.  The  duration  of  tho  period  of  aptitude  for  procreation,  as  marked  by  the 
persistence  of  tbe  Catamenia,  \n  more  limited  in  Women  than  in  Men,  usually 
terminating  at  about  the  45th  ycHr;  it  is  sometimes  prolonged,  however,  for  tea 
or  even  fifteen  yeara  furrher;  but  cases  are  rare  in  which  women  above  50  years 
of  age  have  borne  children.  There  is  usually  no  menstrual  fiow  during  preg- 
nancy and  lactation ;  in  fact,  the  cessation  of  the  catamenia  is  generally  one  of 
the  first  signs,  iudicating  that  conception  haa  taken  plaoe.     Bat  it  is  by  uo  means 

'  "  Sorla  Poate  dea  MammirfereB,"  Paria,  1844, 

'  8ocb,  at  least,  appears  to  b«  thft  legitimate  inference  from  the  state  of  the  Ovaries , 
but  the  CHses  are  very  few  in  whiob  tbe  extmileil  Ova  have  been  foand  ia  the  female  pae»- 
a^c».  Two  such  caites  (oae  of  them,  however,  not  altogether  satiafuetorj)  were  recorded 
by  Dr.  Lethehy,  \q  "  Pbiloa.  Traawict,"  1852. 
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ancommoD  for  them  to  appear  once  or  twice  subseqaently  to  conception  ;  and  lO 
some  women  there  is  a  refju^ar  monthly  discharge,  though  probably  not  of  the 
u^ual  character,  through  the  whole  period.  Some  very  anomalous  cases  are  on 
record,  in  which  the  catamenia  never  apppared  at  any  other  time  than  daring 
pregnancy ;  and  were  then  regular.  The  absence  of  the  catamenia  during  lacta- 
tion is  by  no  means  constant^  especially  if  the  period  be  prolonged ;  when  the 
menstrual  discharge  recurg,  it  may  be  considered  as  indicating  an  aptitude  for  con- 
ception; and  it  is  well  known  that,  although  pregnancy  seldom  recurs  during  tbo 
continuance  of  lactation,  the  rule  ie  by  no  means  invariable. 

855.  The  function  of  the  Female,  durine:  the  coitu.«»,  is  essentially  passive. 
When  the  sexual  feeling  is  ptrongly  excited,  there  is  a  considerable  degree  of  tur- 
gescence  in  the  erectile  tissue  surrounding  the  vagina,  and  composing  the  greater 
part  of  the  nymphse  and  the  clitoris;  and  there  is  on  increased  secretion  from  va- 
rious glandular  follidos.'  But  iheso  changes  are  by  no  means  necessary  for  effec- 
toal  coition;  since  it  is  a  fact  well  etitablished,  that  fruitful  intercourse  may  take- 
plaoe,  when  the  female  is  in  a  state  of  narcotism,  of  somnambulism,  or  even  of 
profound  ordinary  sleep.  It  has  been  supposed  by  some,  that  the  os  oteri  dilates, 
by  a  kind  of  reflex  action,  to  receive  the  semen  ;  but  of  this  there  is  no  evidence. 
The  introduction  of  a  small  quantity  of  the  fluid  just  within  the  vagina,  appears 
to  be  all  that  is  absolutely  necessary  for  conception  ;  for  there  are  many  cases  on 
record,  in  which  pregnancy  has  occurred,  in  npite  of  the  closure  of  the  entrance 
to  the  vagina  by  a  strong  membrane,  in  which  but  a  very  small  aperture  existed. 
That  the  spermatozoa  make  their  way  towards  the  ovarium,  and  fecundate  the 
ovum  either  before  it  entirely  quits  the  ovisac  or  very  shortly  afterwards,  apf 
to  be  the  general  rule  in  regard  to  the  Mammalia;  and  the  question  natui 
rises, — by  what  means  do  they  arrive  there.  It  has  been  supposed  that  the 
Iction  of  the  cilia  which  line  the  Fallopian  tubes,  might  account  for  their  transit; 
but  the  direction  of  this  is  from  the  ovaria  towards  the  uterus,  and  would  there- 
fore be  opposed  to  it.  A  peristaltic  action  of  the  Fallopian  tubes  themselves  may 
generally  bo  noticed  in  animals  killed  soon  after  sexual  intercourse ;  and  in  those 
which  have  a  two-horned  membranous  uterus,  such  as  is  evidently  but  a  dilata- 
tion of  the  Fallopian  lube,  this  partakes  of  the  same  movement,  as  may  be  well 
seen  in  the  liabbit;  but  this  peristaltic  action,  like  the  ciliary  movement,  ia/rom 
instead  of  towards  the  ovaries.  Among  the  tribes  whose  ova  are  fertilized  out  of 
the  body,  the  power  of  movement  inherent  in  the  spermatozoa  is  obviously  the 
means  by  which  they  are  brought  into  contact  with  the  ova ;  and  it  does  not 
seem  unreasonable  to  suppose,  that  the  same  is  the  case  in  the  higher  classes,  and 
that  the  transit  of  these  curious  particles,  from  the  vagina  towards  the  ovaries,  is 
effected  by  the  same  kind  of  action  as  that  which  causes  them  to  traverse  the 
field  of  the  microscope. — We  shall  now  consider  the  changes  in  the  Ovum  and 
its  appendages,  by  which  it  is  prepared  for  fecundation. 

85G.  Up  to  the  period  when  the  Ovum  is  nearly  brought  to  maturity,  it  remains 
in  the  centre  of  the  ovisac  or  inner  layer  of  the  Graafian  follicle;  and  it  is  sup- 
ported in  its  place  by  the  'uiembraua  granulosa,'  which  is  continuous  with  its 

'  The  gUndfl  of  Duvemey,  whicb  have  been  Tcry  accurately  described  by  Profesaor  Tie- 
demaati  (1840),  and  lubsequentlj  by  M.  Huguier  in  the  '« Archiros  d'Anfttomie  "  (1847), 
seem  to  be  analogous  to  Cuwper's  glands,  and  like  tbem  aro  aoiuetimes  wanting,  and  differ 
in  size.  In  advanced  age  they  are  eaid  to  diminish  in  sije,  and  even  to  disappear.  Tbey 
are  present  in  the  females  of  all  antmaU,  where  Cowper's  glands  exist  in  the  m&lea.  Tbey 
secrete  a  thick,  tenacious,  greyish-white  tluid,  which  ia  emitted  in  large  quantity  at  the 
termination  of  the  sexual  act,  most  likely  from  the  spnsmodio  contraction  of  ihe  constrio- 
tor  vngiuiB  muscle,  under  which  they  lie.  Its  ailmisture  with  the  male  semen  has  beeo 
isupposed  to  bare  some  connection  with  imprcgualion ;  but  no  proof  whatever  has  bees 
givoQ  that  any  such  adniixlurc  is  necessary.  It  seems  not  improlMble,  however,  thAt  it 
may  serve,  like  the  prostutio  fluid  of  the  male,  to  give  a  diluthn  to  the  seminal  fluid  that 
is  favourable  to  its  action  (J  842j.  These  glands  were  probably  known  to  the  asdenU; 
and  it  is  doubtless  their  secretioo,  which  Hippocrates  and  others  describe  aa  the  fcuiJo 
Heuica. 
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proligeroua  disk.     The  movement  of  the  ovum  <f>wards  the  surface,  which  baa 
been  already  referred  to  as  a  port  of  the  chanf^es  by  which  it  ia  prepared  for  fecuo- 
dalion,  appears  from  the  observations  of  Valentin  to  be  due  to  tlie  following  cause. 
In  the  iaimature  ovisac,  the  apace  between  its  inner  lajerand  the  ovum  is  for  the 
mofit  part  fillud-up  with  cells;  these,  however,  gradually  disaolve-away,  especially 
on  the  side  nearest  the  surface  of  the  ovary  ;  whilst  an  alburninoas  fluid  is  effused 
from  the  deeper  part  of  the  oriaac,  whicb  pushes  the  residual  layer  (forming  the 
discus  proJigerua)  before  it,  and  thus  carries  it  against  the  opposite  wall.     At  the 
same  time,  there  is  a  gradual  thioniug-away  of  the  various  envelopes  of  the  Graa- 
fian follicle,  as  well  as  of  its  own  walls,  in  the  situation  of  ita  most  projecting  part; 
and  thus  it  is  preparing  to  give-way  at  that  point,  for  the  discharge  of  the  con- 
taioed  ovum,     Before  rupture  takes  place,  however,  the  ovisac  itself  undergoes  a 
considenible  change.     Its  walls  become  more  vascular  eiternally,  and  are  thick- 
eoed  on  their  interior  by  the  deposit  of  a  fleshy-looking  Buh.^tancc,  which,  in 
many  of  the  lower  Mammalia,  ia  of  a  reddish  colour,  whilst  in  the  Human  female 
it  is  rather  of  a  yellowish  hue.     This  substance,  known  as  ihe  Corpus  lutrum,  ia 
at  first  entirely  composed  of  an  aggregation  of  cells  (Fig.  203),  and  may,  in  fact, 
bo  considered  as  an  increased  development, 
or  hypertrophy,  of  the  '  membrana  gra- 
nulosa' or  epithelial  lining  of  the  ovisac; 
many  of  its.  celKi,  however,  especially  those 
in  apposition  with  the  enveloping  wall  of 
the  lolHcle,  undergo  a  more  or  less  com- 
plete transformation  into  Bbres ;  and  thus 
a  gradual  tmn^itiou  is  cstabliBhcd  between 
the  cellular  substance  of  the  interior  of 
the  mass,  and  the  fibrous  stroma  of  the 
Ovarium  itself     In  moat  domestic  quad- 
rupeds, this  growth,  which  eprouts  like  a 
mass  of  granulations  from  the  lining  of 
the  ovisac,  is  often  so  abundant,  if  the 
ovum  be  impregnated,  as  not  only  to  fill  the  cavity  of  the  ruptured  vesicle,  but 
even  to  protrude  from  the  orifice  on  the  surface  of  the  ovary ;  thia  orifice  subse- 
quently closes,  and  the  contained  growth  becomes  gradually  firmer,  its  colour 
changing  from  red  to  yellow.     In  the  Human  female,  however,  as  in  the  Sow, 
thia  new  formation  ia  at  first  less  abundant;   it  doea  not  form  mam  miliary  projec- 
tions from  the  interior  of  the  ovisac,  but  lies  as  a  uniform  layer  upon  its  lining; 
and  this  is  thrown  into  wrinkles  or  folds,  in  consequence  of  the  contraction  of  the 
ovisac  (Fig,  20-t,  a — d).     An  irregular  cavity  is  thus  at  first  left  in  the  interior 
of  the  ovisac,  at\er  the  discharge  of  the  ovum ;   but  thia  gradually  diminishes, 
partly  in  consequence  of  the  increased  growth  of  the  yellow  substance,  and  partly 
owing  to  the  general  contraction  of  the  ovisac,  until  it  is  at  la.st  nearly  obliterated 
or  reduced  to  a  sort  of  stellate  cicatrix  (e — h).     An  eflFusion  of  blood  usually  takes 
place  into  this  cavity,  in  the  Human  fomale,  at  the  lime  of  the  rupture  of  the 
ovisac ;   but  the  coagulum  which  is  left,  takes  no  share  in  the  formation  of  the 
yellow  body.     It  generally  loses  its  colouring  matter,  and  acquires  the  characters 
of  a  fibrinous  clot;  and  this  may  either  form  a  sort  of  membrannus  sac,  lining  the 
cavity ;  or  it  may  become  a  solid  mass,  occupying  the  centre  of  the  stellate 
cicatrix.' 

•  By  some  obaerrera,  aa  KSlliker,  the  prlocipa]  part  of  the  new  growth  is  regarded  h 
the  r«suU  of  a.  hyperlropby  of  the  inttimal  layer  of  the  fibrcms  membrane  of  tb«  origiDiil 
follicle,  wbioh,  even  before  the  expulsion  of  the  ovum,  becotnea  loosened  in  texture  and 
sugtnenlcd  in  tbickncaa.  The  fact  seemg  to  bo,  ibat,  as  ia  Ihe  case  of  the  Mntpighian 
bodies  of  the  Spleen  (J  142iii.),  there  is  no  distinct  line  of  demarcation  between  the /lAroui 
wall  and  the  cdtuiar  conltnu  of  the  follicle. 

■  This  proMsa  w&a  first  aoourately  described  by  M.  Poaohet,  in  his  "  Th^orie  Toaitive  do 
rOvulatioD  Spoulao^e,"  1847. 
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BnoeeMlTe  lUgea  of  the  formaUoTi  or  tfae  Corjna  Lutevm,  in  the  Gmafiim  follicle  of  the  Sow, 
kB  teen  in  rcrticat  flection  ; — at  a  is  Hfaonn  the  eiat«  of  the  folticlo  itnm?dmle!y  after  the  «x- 
pnlsion  of  the  ovum,  its  cavity  being  filled  with  blood,  and  no  Of  tengible  increase  of  ita  epi- 
thelial lining  having  yet  taken-place ;  at  6,  a  thickening  of  thii  lining  haa  beeoine  apparcot; 
at  c,  it  begini  to  present  folde  which  are  deepened  at  d,  and  the  clot  of  blood  ia  abaorbed  paH 
jMJtM,  and  at  the  aame  time  decoloriaed ;  a  continuance  of  the  aame  proceu  aa  ahown  *X0,/i 
g,  h,  forms  the  Corpua  Luteam,  with  iU.etellate  cicatrix. 

857.  The  latter  part  of  the  history  of  the  Corpus  Luteum  is  greatlj  inflneDoed 
bj  the  impregnatioD  or  non-imprejrDatioD  of  the  Otuib  whose  extrusioD  it  has 
fullowed.  • —  If  coDceptioQ  do  not  talce-place,  the  corpus  luteam  seldom  attaioa  a 
size  greater  than  that  of  a  pmall  pea,  and  is  very  commonly  less  thaa  this ;  and 
it  begius  to  diminish  about  the  time  of  the  next  menstruatioD,  its  shape,  which 
was  at  first  globular,  becomitig  eomewhat  collapsed  and  flattened.  This  diminn- 
tion  ia  due  in  the  first  instance  to  the  absorption  of  part  of  its  contained  coaga- 
lum,  which  usually  at  tho  same  time  loses  part  of  its  colouring-matter;  but  con- 
temporaneously with  this,  there  ia  an  tncrea»e  in  the  proper  yellow  substance, 
which  also  becomes  brighter  in  colour  from  tho  presence  of  a  large  quantity  of 
oleaginous  matter  in  its  cells.  Soon,  however,  the  yellow  substance  becomei 
softer  and  more  friable,  showing  less  distinctly  the  markings  of  it«  convolutions; 
whilst  at  the  same  time  it  becomes  more  intimately  oonneoted  with  the  neigh- 


Corpcra  Lutea  of  iliBerent  perioda :  B.  Corpua  luteam  of  about  the  aixtb  week  afler  In- 
pregnatiun,  ahawing  ite  plicated  form  at  that  period.  1.  Sabatance  of  the  ovarj.  2.  Sub- 
•taace  of  the  corpua  lutcnm.  3.  A  grajrish  coa^piluni  in  it«  cavity;  after  Dr.  Pallervan. 
A.  Corpua  luteum,  two  days  after  delivery,  c.  In  the  twelfth  week  after  detirery.  Alter 
Lr.  Montgomery.] 

bouring  tissues.     The  central  coagulum  becomes  a  faint,  whitish,  stellate  cica- 
trix ;  and  the  yellow  substance  assumes  various  irregularities  of  form,  and  graduaUj 
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sascB  ID  size.  As  a  general  rule,  tbe  corpus  luteum  ot  tne  non-pro£ 
feuiale,  is  reduced  within  aix  or  eight  weeks  to  a  very  insignificant  size ;  but  it 
miiy  then  remain  almost  unchanged  for  many  months;  so  that,  in  the  ovaries  of 
females  who  have  menBlruated  regularly,  numerous  obaolete  corpora  lutea  may  be 
distinguished.' — But  if,  on  tbe  other  hand,  the  discharged  ovum  should  be  fer- 
liliziid,  and  pregnancy  should  supervene,  the  corpus  luteura,  instead  of  reaching 
its  riiaxioium  of  development  in  three  or  four  weeks  and  then  undergoing  atrophy, 
continues  to  develope  itself  for  a  considerable  period,  and  does  not,  in  fact, 
bocome  very  decidedly  retrograde,  until  after  the  termination  of  gestation.  This 
difforeoce  relates  not  only  to  its  site,  but  also  to  its  aspect  and  general  characters. 
Its  size  appears  to  be  usually  greatest  between  the  third  and  the  »ixth  months  of 
pregnancy;  it  retains  its  globular  or  only  Blightly-flattened  form;  and  it  coa- 
tioues  to  give  to  the  touch  a  sense  of  considerable  resistance  and  solidity.  The 
con vul  11  ted  wall  of  yellow  substance  becomes  much  thicker  in  proportion  to  the 
space  in  its  interior;  so  that  whilst  in  the  non-impregnated  female  its  thickness 
ncvL^r  exceeds  one-eighth  of  an  inch,  and  ia  usually  much  less,  tbat  of  the  preg- 
nant female  measures  as  much  as  from  three-sixteenths  to  one-fourth  of  an  inch. 
Thi^  substance,  moreover,  acquires  a  firmer  and  more  highly-organized  structure; 
but  instead  of  presenting  an  increased  brightness  of  colour,  it  fades  to  a  dusky 
liCid  indefinite  hue.  As,  from  the  time  that  impregnation  takes  place,  tho  periodi- 
cal activity  of  the  ovary  ia  suspended,  no  new  vesicles  protrude  themselves  from 
ita  surface  until  after  the  completion  of  gestation  ;  and  even  those  which,  at  the 
date  of  conception,  happen  to  be  more  or  less  prominent,  appear  again  to  recede. 
Hence,  if  the  period  of  pregnancy  be  at  all  advanced,  the  corpus  loteum  is  not 
found,  like  that  of  menstruation,  in  company  with  unruptured  vesiolcs  in  active 
process  of  development.  After  parturition,  tbe  corpus  luleum  rapidly  dimi- 
uibht.8;  though  its  characteristic  structure  is  still  to  be  distinguished  for  many 
tijonths,  by  close  inapeetion.' 

'  See  egpecially  the  Priie  Essay  of  Dr.  J.  C.  Dal  ton,  "  On  the  Corpus  Lutenra  of  Men- 
struation and  Pregnaacy,"  in  the  "  Transact,  of  the  Americaa  Medical  Associatioo  "  for 
1851.  and  Mparately  reprinted,  Fhiladelphiar  1851. 

[Tbe  biBtoriea  and  observatioDH  detailed  by  Ur.  Dklton  will  Benre  to  ihow  how  very  im- 
perfect are  some  of  the  marks  which  rariaua  writcra  baTe  heretofore  laid  down  as  Uistin-* 
guishing  'true'  from  'false'  corpora  lutea.  Dr.  MoDtgomory '  gives  Be?eii  ch&racteristica 
by  which,  be  says,  the  'false,'  or  'virgin'  corpora  lutea  may  be  reoogniied. 

*  I.  There  is  no  proroinenco  or  enlargement  of  the  ovary  oTor  them.' 

This  is  manifestly  incorrect,  for  the  corpora  lutea  of  meotitruaiioD  often  oauses  a  notice- 
able prutuberanoe  on  the  surface  of  Iho  ovary. 

'II.  The  external  cicatrix  is  almost  always  wantiag.'  AccortHng  to  Dr.  Dalton's  obser- 
vations, an  external  cicatrix  is  always  present  lu  the  corpns  luteum  of  menstruation,  and, 
in  fact,  must  necessarily  be  so,  since  these  bodies  result  from  the  rupttire  of  a  vesiole,  in 
the  same  manner  with  the  corpora  lutea  of  pregnaQcy. 

*III.  There  are  often  several  of  them  found  in  both  OYariea,'  &c.  This  is,  no  doubt, 
a  very  important  distinction,  since  we  never  find  more  than  one  corpua  luteum  of  preg- 
nancy at  a  time,  unless  in  cases  of  twins  ;  and  theti  the  two  oorporn  lutea  are  evidently  of 
(tie  same  date,  and  have  the  aame  aspect,  while  the  coexistent  corpora  lutea  of  menstrua- 
lion  are  usually  in  many  different  stages  of  retrogression. 

'  IV.  They  present  uo  trace  whatever  of  veasela  in  their  substance,  of  which  they  are, 
in  foot,  entirely  destitute,  and,  of  course,  cannot  bo  injected.' 

According  to  Dr.  Dalton'a  obeervations,  the  distribution  of  vessels  in  tho  two  different 
kinds  of  corpora  lutea  ia  the  same.  In  both,  the  substance  of  the  convoluted  wall  itself 
ia  DOO-Taacalar ;  and  tbe  vessels  exist  only  in  tbe  interstices  of  the  folds.  This  fact  is 
very  easily  demonstrated  in  a  corpus  lutcuEn  of  menstruation  when  completely  developed, 
aa  the  convolutions  are  here  pretty  easily  separated  from  each  other ;  but,  in  tbe  corpus 
luteum  of  pregnancy,  the  new  growth  from  the  internal  surface  of  the  vesicle  has  been  so 
abundant,  and  the  convolations  are  consequently  pressed  ao  firmly  together,  tbat  it  is  not 
always  easy  to  decide  whether  a  section  has  divided  the  substance  of  the  wall,  or  only  by 
accident  passed  between  two  convolutions ;  particularly  as  we  have  not  bo  strong  a  con- 
traiit  in  colour,  to  assist  us,  between  the  yellow  and  red  veesela,  na  exists  in  the  eorpttf 
luteum  of  meitstruation. 


"  Signa  and  Symptoma  of  Pregnancy,"  p.  245. 
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858.  The  foregoing  difl'erences  (wboee  ordinary  existence  may  be  considci 
as  well-cstablii-hcd,  although  it  niaj  cot  be  nffirnied  that  they  pri-Rcnt  themsclvl 
characteristically  in  each  individual  case")  are  probably  to  be  atiribated  to  the  in- 
creased determination  of  blood  which  takes  place  to  the  whole  Generative  appa- 
ratus, when  it  is  in  a  elate  of  exalted  functional  activity.  It  is  a  question,  how- 
ever, of  much  scientific  interest,  and  one  that  occasionally  becomes  of  importance 
in  Juridical  iuveslipations,  what  degree  of  rescniblance  may  exist  between  the 
corpus  luteuru  which  is  formed  after  the  mere  extrusion  of  an  ovule,  and  that 
which  has  been  modified  by  the  supervention  of  pregnuncy.  For  it  is  unqueft- 
tionable  that  an  unusual  development  of  the  fibro-ccllular  substance  may  snnie- 
tiraes  occur  without  impregnation ;  whilst,  on  the  other  hand,  the  changes  which 
usually  follow  impregnation  may  takc-ptlace  so  much  less  characteristically  than  usual, 
that  the  corpus  luteum,  even  at  the  middle  period  of  pregnancy,  may  be  no  larger 
than  that  which  is  often  found  where  pregnancy  has  not  occurred.  These  varia- 
tions, which  seem  mainly  to  depend  upon  dtflercnccs  in  the  degree  of  vascular 
excitement  of  the  ovaries,  accoropanjing  and  succeeding  the  extrusion  of  ova, 
render  it  impossible  to  druw  any  definite  line  of  demarcation,  by  which  we  may 
at  once  determine  what  are,  and  what  arc  not,  the  results  of  conception ;  bat  the 
following  practical  rules,  deduced  from  a  consideration  of  all  the  circumstanoee 
yet  known,  may  be  laid  down  for  the  guidance  of  those  who  find  it  desirable  to 
have  some  standard  of  judgment. — "  1.  A  Corpus  Luteum,  in  its  earliest  stage 
(^that  is,  a  large  vesick'  filled  with  coagulated  blood,  having  a  niptured  orifice, 
and  a  thin  layer  of  yellow  matter  in  its  walls),  afibrds  no  proof  of  impregnation 
having  taken-place. — '2.  From  the  presence  of  a  Corpus  Luteum,  the  opening  of 
which  is  closed,  and  (he  cavity  reduced  or  obliterated,  only  a  stellate  cicatrix  re- 
maining, also  no  conclusion  as  to  pregnancy  having  existed  or  fecundation  having 
occurred  can  be  drawn,  if  the  corpus  luteum  be  of  small  size,  not  containing  as 
much  yellow  substance  as  would  form  a  nia.ss  the  size  of  a  small  pea, — 3.  A 
similar  Corpus  Luteum  of  larger  size  than  a  common  pea,  would  be  strong  pre- 
sumptive evidence,  not  only  of  impregnation  having  taken  place,  but  of  preg- 
nancy haviug  existed  during  several  weeks  at  least;  and  the  evidence  would 

.approxtntate  more  and  more  to  complete  proof,  in  proportion  as  the  size  of  tka 
corpus  luteum  was  greater."  ' 

859.  Since  the  di.seharge  of  matured  Ova  from  the  ovaries  takes-place  as  inde- 
pendently of  sexual  intercourse  in  the  Ilaraan  female  (and  in  the  Mammalia 
generally),  as  it  does  in  thuse  animals  whoso  ova  are  fertilized  out  of  the  body, 
it  seems  unnecessary  that  the  seminal  Quid  should  reach  the  ovarium  in  order  to 
effect  the  fertilization  of  the  ova^  since  this  end  may  be  answered  by  the  contact 
of  the  two  in  the  Fallopian  tubes,  or  even  in  the  Uterus  itself.  From  the  ex- 
periments of  Bischoffj  however,  it  appears  that  in  rabbits, -bitches,  and  probably 

'  Y,  Their  texture  is  eometimes  bo  iulinii  that  it  ceemB  to  be  merelj  tlie  remaina  of  a 
oonguluiu.'  &c.     This  is  frequently  a  good  distinguishing  mark. 

'VI.  In  figure,  they  ore  often  triangular,  or  square,  or  of  some  figure  bonnded  by 
stniight  lines."  This  has  already  been  seen  to  bo  an  appearance  frequently  prfscnted  by 
the  corpus  luteum  of  menstruation,  at  an  advanced  period  of  atrophy. 

'VII.  They  never  presfnl  either  the  central  cavity,  or  the  radiated  or  slelliform  wbit« 
linei  which  results  from  its  closure."  Dr.  Dalton  eays  that  this  Inst  distinction  is  so  exceed- 
ingly iticorrcct  thnt  it  is  ditlicult  to  understand  how  it  could  have  been  laid  down  by  sacil 
an  observer  as  Dr.  Montgomery.  The  corpus  luteunj  of  menstruation  alvaya  presents  a 
central  cavity,  i.  f.,  a  epuee  included  by  tlio  convoluted  wall,  vrhich  Bpnce  is  filled  by  a 
coagulum  ;  and,  oa  the  whole  yellow  body  becomee  atrophied,  the  coagulum  is  tninsfornied 
into  k  radiated  or  steilitbrm  cicatrix,  more  or  less  coloured  with  blood,  according  to  the 
rapidity  with  which  the  absorption  of  the  baematin  hat  proceeded. 

There  can  be  no  doubt,  therefore,  of  the  existence  of  certain  distinct  and  reliable  marks 
by  which  the  corpus  luteum  may  be  recognixed  as  a  sign  of  pregniincy,  and  dif'tingiiished 
from  idl  other  ippearauoea,  either  morbid  or  physiological,  to  be  met  with  in  the  ovrntT." 
-Ed.] 

'  iSee  Dr.  Baly's  "Supplement  to  Miillcr's  Physiology,"  p.  67. 


tti  rnost  other  Mararaalia,  sexual  union  UBually  tnkes-p!ace  previously  to  tlie 
escape  of  the  ova  froai  the  ovary,  and  that  sufficient  time  often  elapses  for  the 
fieiiiinal  fluid  to  reach  the  ovary  before  their  extrusion  occurs  :  in  such  cases, 
tberelore,  it  would  seem  probable  that  fecundation  is  effected  at  the  ovary  itself. 
That  such  oecysionally  hap]:>eos  in  the  Human  female,  seems  to  be  unequivocally 
proved  by  the  occurrence  of  tubal  or  even  of  ovarian  foctatron  j  the  ovum  having 
received  the  fertilizing  influence  immediately  upon  quitting  the  ovisac,  or  even 
before  it  has  entirely  extricated  itself  from  the  ovary,  and  having  been  in  Bonie 
way  checked  ia  its  transiit  tovrarde  the  uterus,  so  that  its  developrociit  has  takcii' 
place  in  the  spot  at  vrLich  it  has  been  arrtsted.  It  is  affirmed  by  Bischoff  that 
by  the  time  the  ovum  reaches  the  uterus,  or  even  the  lower  end  of  the  Fallopian 
lube,  ila  capacity  for  impregnation  is  lost ;  but  this  assertion  chiefly  rests  on  the 
ct-s-satioo  of  sexual  desire,  observed  in  tbofse  animals  in  which,  after  death,  the 
ova  were  found  iu  these  situations.  There  is  every  reason  to  believe  that  this  is 
not  the  ca&e  in  the  lluiiian  female;  for  although  the  sexual  desire  may  be  tbe 
strongest  about  the  period  of  the  lualuration  aod  cEcape  of  the  ova,  yet  it  is  by 
no  means  wanting  at  other  times)  and  tbe  occasional  occurrence  of  cases  in  which 
iu)pro<;iiatLou  has  taken-place  from  a  single  coitus  in  the  middle  of  the  iotcrval 
between  the  menstrual  periods,  shows  either  that  the  ovum  may  retain  its  ca- 
pacity for  iuiprcu;nation  for  some  time  after  its  escape  from  the  ovary,  or  that  its 
maturation  and  extrusion  are  not  by  any  means  invariably  coincident  with  the 
menstrual  period.'  —  The  ova,  when  set-free  from  the  ovaries  by  the  rupture  of 
the  ovisacs  and  the  giving-way  of  (heir  several  envelopes,  are  received  by  the  fim- 
briated extremities  of  the  Fallopiun  tubes,  which,  during  the  period  of  sexual 
excitement,  appear  to  be  clusely  applied  to  tbe  surface  of  the  ovaries.  Their 
conveyance  alung  the  Fallopian  tubes  is  probably  due  in  part  to  the  peristallic 
movemeut  of  their  walls^  and  in  part  to  tbe  action  of  the  cilia  which  clothe  their 
iuternaJ  surface. 

8G0.  The  object  of  the  changes  which  have  been  already  described,  is  to  bring 
the  Ovum  within  tbe  reach  of  the  fecundating  infiucnce,  and  to  convey  it  into 
the  uterus  after  it  has  been  fertilized  :  we  have  now  to  consider  the  changes  of 
the  Ovum  itself,  which  take-place  during  the  same  epoch.  —  At  about  the  same 
period  that  the  ovum  moves  towards  the  periphery  of  tbe  Graafian  follicle,  tbe 
germinal  vesicle  moves  towards  the  periphery  of  the  yolk ;  and  it  always  takt-s- 
up  its  position  at  the  precise  point  of  the  zona  pellucida  which  ia  netirest  the 
ovisac,  and  which  is  closest,  therefore,  to  the  surface  of  the  ovary.  Moreover, 
the  germinal  spot  is  always  on  that  part  of  the  germinal  vesicle,  which  is  in 
closest  contact  with  the  zona  pelJucida.  Thug,  the  germinal  spot  ia  very  near  the 
exterior  of  tbe  ovary ;  but  it  is  separated  from  the  peritoneal  coat  of  the  latter, 
by  a  thin  layer  of  its  stroma  forming  the  external  wall  of  the  Graafian  follicle,  by 
the  ovisac  forming  its  internal  membrane,  and  by  the  zona  pellucida.  As  soon 
as  these  give  way,  there  is  nothing  to  prevent  the  spermatozoa  from  coining  into 
direct  contact  with  the  ovum,  even  before  it  quits  the  oviftac.  That  such  contact 
is  an  essential  condition  of  fecundation,  there  is  every  reason  to  believe  ;  althougb, 
as  to  the  precise  manner  in  which  it  operates,  we  are  at  present  iu  the  dark. 
There  can  be  no  doubt  that  it  is  iu  the  contact  of  the  spermatozoa  with  the  ovum 
(§  845),  and  in  the  chauges  which  occur  as  the  immediate  consequence  of  that 

'  Pee  a  case  of  tbia  kind  recorded  bj  Dr.  Oldham  in  the  "  Medical  Oniettc,"  Julj  18, 
1840.— Ill  stances  are  certainly  not  unfrequent,  in  wtiich  conception  has  taken  place  five  or 
aix  days  after  the  oouclusion  of  tbe  menstrual  period;  the  Author  Ima  himiself  known  one 
in  which  this  ocffurreti,  Bfter  the  menstruivl  flow  itself  hnd  persisted  for  a  week.  It  has 
been  urged  that  the  known  fertility  of  the  Jewish  females,  wbo  abati\in  from  sexual  inter- 
course for  eight  dajs,  or  even  ihirtet-D  days,  after  the  termination  of  the  cutameDia,  is 
opposed  to  the  idea  that  the  nietislrual  period  is  that  of  'beat;'  but  there  is  reason  to 
beliere  that  this  is  to  be  accimnted-for  id  another  way,— nikTOoly.  by  the  usual  occurrence 
of  conception  from  intercourse  immediately  btj^rt  the  access  uf  tl»e  catameni*.  ^8ee  Mr. 
0ml wood,  iu  the  *'  Luncet,"  Dec.  14,  1B44.) 
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oODtact,  thai  the  act  of  Fecuodatioti  essontiaJly  consifits.  Tbe  moet  ttcnt 
(«n'atioDB  of  tbe  late  Mr.  Newport  opon  the  process  of  imprppnation  of  dwTni^ 
(some  of  which  the  Author,  through  the  kindness  of  Mr.  N.,  had  the  i^pfot- 
tunity  of  veriiying"),  show  that  tbe  spermatozoa  become  itnbetJded  in  the  gekti- 
Q011B  envelope  of  the  ovum,  within  a  few  seconds  after  they  come  into  contact 
with  it ;  and  that  they  then  absoiutely  pass  through  the  vitelline  membrane,  inti 
the  interior  of  the  Ovum,'  where  they  probably  undergo  b  gradual  di£Bt>eDoe; 
and  thus  tbe  product  of  ttie  'sperm-ccir  may  be  absorbed  into  the  'genD-cell/ 
and  may  intermiuple  with  its  contents,  tbe  Spermatozoon  being  nothing  else  tbii 
an  embodiment  of  the  fertilizing  material  developed  within  the  sperm-cell,  whicb 
is  endowed  with  a  temporary  power  of  movement  in  order  that  it  may  find  iti 
way  to  the  Ovum.  It  has  been  remarked  by  Mr.  Newport,  that  Spemutoua 
whose  spontaneous  motility  has  ceased,  no  longer  pos£e»  tbe  fectrndating  pover; 
and  this  fact  concurs  with  other  phenomena  to  indicate,  that  it  is  Dot  only  a  oaN 
tain  material,  but  a  vital  force  of  which  that  material  is  (so  to  speak)  thi 
vehicle,  which  ia  required  to  effect  this  most  important  operation. 

8G1.  The  preci.se  shore  which  the  Germinal  Vesicle  performs,  in  the  ehangw 
which  take-place  in  the  ovum  about  the  period  of  fecundation,  has  not  jret  bett 
satisfactorily  determined.  According  to  Dr.  Barry,  (loc-  cit.),  the  germinal Tceidt 
becomes  filk'd  with  a  nt-w  development  of  cells,  which  sprout,  as  it  were,  fron  iti 
nucleus  (tbe  gorminal  spot)}  and  after  fecundation,  a  pair  of  cells  is  eeen  io  Utt 
space  previously  occupied  by  the  pellucid  centre  of  the  nucleus,  whicb  is  dtr^ 
k»pod  at  the  expense  of  the  rest,  and  is  tbe  true  foundation  of  the  embTjonk 
structure.  This  view  is  to  a  certain  extent  confirmed  by  the  obeerratioiit, 
"Waguer  on  the  ova  both  of  Frogs  and  Wammsliu,  and  by  those  of  Vogt 
ot"  the  Rtnta  olt$t<  irican*  ;  both  of  which  lead  to  the  belief  that  smch  a  pi 
cell  fomiBtioQ  does  take-place  witbin  the  germinal  vesicle,  but  that,  instead 
further  development  being  carried-on  witbin  the  germinal  vesicle,  as  mi 
by  Dr.  Barry,  thia  ruptures  and  eets-free  the  cells  that  had  been  developed  _ 
interior,  which  are  now  dispersed  through  the  yolk,  whose  ulterior  changes  t^ 

tlace  under  their  influence.  Mr.  Newport's  view  is  nearly  the  same  as  this;  ami 
e  states  that,  in  tbe  Frog,  this  dissolution  of  the  germinal  vesicle  and  difioMB 
of  its  contents  tokc-placo  as  a  preparation  for  fecundation,  and  not  in  conseqoeBM 
of  it.'  That,  the  germinal!  vesicle  is  no  longer  to  be  seen  when  the  metamoTpbam 
of  the  yolk  have  commenced,  is  now  universally  admitted  ;  but  with  regard  to  tfat 
antecedent  process  just  described,  there  is  still  a  wantof  accordance  amongst  Ed- 
brjologists,  its  existence  being  altogether  denied  by  Biechoff,  who  maintains  ibal 
the  geruiiniil  vesicle  simply  dissolves-away  shortly  after  coition.  The  Author  a 
piroDgly  inclined  to  believe,  however,  from  his  own  observations,  as  well  as 
ti  ;wjV/n  considerations  based  on  the  history  of  Vegetable  fertilization,  that 
i*  a  development  of  cells  within  the  germinal  vesicle,  at  the  time  of  its  mata: 
tioo ;  and  that  it  ia  by  the  influence  oif  tbe  spermatic  fluid  upon  one  of  these  cells, 
after  it  has  been  set-free  in  the  midst  of  the  yolk  by  the  rupture  or  difflucnce  of 
the  germinal  vesicle,  that  tbe  first  eel!  of  the  embryonic  fabric  is  generated. 

862.  Having  thus  noticed  the  principal  points  of  the  history  of  the  deTeJci|h 
iDcnt  and  impregnation  of  tbe  Ovum,  we  flhall  proceed  to  consider  the  prorisoB} 
made  for  the  Nutrition  of  the  Embryo,  through  the  Generative  apparatus  of  iU 
female  Parent,^  up  to  the  time  of  parturition;  deferring  the  history  of  its  own  Di- 
volopment  for  that  separate  coneiderMtion  which  the  importance  of  this  subJMl 
demands  (Sect.  4). — About  tbe  time  that  the  ovum  is  leaving  the  ovary,  the  celh 
_'  "Phjlos.  Transact.."  1853,  pp.  266— 281.  — Prof.  Bischoff,  the  highest  aulhoritTfli 
this  subject,  who  had  disputed  the  validity  of  all  previoag  obeerrntioDS  on  the  penetnti«a 
of  tbe  Spennatozoa  into  th«  interior  of  the  Ovum,  has  fulty  confirixied  those  of  Mr.  Sev^ 
port ;  whose  lamented  death  prevented  him  from  enjoying  the  satisfaction  which  tU*  ttr 
tifnony  to  his  accuracy  would  have  atTordeJ  him.  —See  al?o  Dr.  Dnrry  in  ••  Thilog,  Tn» 
sact.."  1840,  p.  533;  and  Dr.  RanBorae  in  "  Prooeedinga  of  Royal  Society,"  i<oT.  -3,  1854 
»  "rhilos.  TransacL,"  ISil,  p.  178. 


ktaH^ 


IMPREGNATION    OF    THE    OVUM. 


765 


m 


of  the  proligeroas  disk  whicli  imracdinlcly  surrounds  the  zona  pellucida  hecome 
club-shaped;  their  small  euda  beiocr  applied  to  the  surfuce  of  the  ovum,  so  aa  to 
give  it  eomewbat  of  a  »iellate  appeanmoe.  According  to  Bisehoff,  thew  eells  en- 
tirely disappear  from  the  ovuni  of  the  Rabbit,  aa  eoon  as  it  has  entered  the  Fallo- 
pian tube:  whilst  in  the  Bitch  ihey  become  round,  and  eoutinue  to  invest  ihe 

^  [Pio.  206, 

■  A.  An  orariam  orom  from  a  Bitch  in  hest,  exhibltSag  the  elongated  fortn  and  itellate  tr- 

H      nuigcineDi  of  the  c«lh  of  the  dUcat  praligonif  or  mombraDa  granulota  around  tb«  toaa  pel- 
f      laoida.    b.  The  aatne  orum  after  tbo  removal  of  moat  of  tba  elob-abaped  oelli.] 

crnim  in  this  form  throughout  its  whole  transit  to  the  ntenia.  During  its  pas- 
»»ge,  the  ovum  acquires  a  sort  of  gelatiunua  envelope,  which  is  enclosed  in  a  mem- 
brane of  fibroas  texture,  termed  the  VhorUm.  Tliia  envelope  is  probably  of  an 
albuminoui  nature  in  reality,  corresponding  with  the  *  white '  of  tae  Bird's  egg; 
whilst  the  fibrous  texture  of  the  chorion  seems  to  be  produced,  like  the  membranous 
Iwflis  of  the  e^-shell  of  the  bird  (Prino.  of  Gen.  Phyb.,  Am.  Ed.),  by  the  exu- 
dation of  fibrin  from  the  lining  raeinbrane  of  the  Fallopian  tube  or  oviduck  The 
outer  layer  of  thr»  envelope,  in  the  egg  of  the  Bird,  la  consolidated  by  the  depo- 
aition  of  particlee  of  carbonate  of  lime  in  its  areolsB ;  and  none  of  it  uadergoea 
any  further  ofrganizati^m.  The  Chorion  of  the  Mammal,  on  the  other  hand,  ia 
destined  to  undergo  changea  of  a  much  higher  order ;  which  adapt  it  for  partici- 
pating, to  a  most  important  degree,  in  the  nutrition  of  the  included  embryo. 
The  first  of  these  changes  consists  in  the  eitension  of  the  cellular  surface  of  th« 
membrane  into  a  number  of  villous  prolonpations,  which  pive  it  a  spongy  or 
shaggy  appearance  (Fig.  212);  these  serve  as  absorbing  mdiclea,  and  form  the 
channel  through  which  the  embryo  is  nourished  by  (be  fluids  of  the  parent,  un- 
til a  more  perfect  commuoication  is  formed  by  the  subsequent  exteusiou  of  ves- 
sela  into  them  {§  S^o), 

863.  We  have  now  to  apeak  of  the  changes  in  the  Uterus,  which  take-place  in 
consequence  of  Conception,  and  which  prepare  it  to  receive  the  ovum.  Of  these 
the  moat  important  is  the  formation  of  the  Membrana  DwiJiia,  so  called  from 
its  being  cast-off  at  each  parturition.  This  membrane  has  been  usually  sup- 
posed to  be  a  new  formation  ;  and  has  been  described  as  originating  in  coagulable 
lymph  thrown-ont  on  the  inner  .surface  of  the  uterus,  into  which  vessels  are  pro- 
longed from  the  subjacent  substance.  It  appears,  however,  from  the  researches  of 
Profrs.  Sharpey  and  Weber,'  that  this  ia  not  the  true  account  of  it;  and  that  the 
Decidua  Vera  is  really  composed  of  the  inner  portion  of  the  Mucous  membrane 
itself,  which  undergoes  a  considerable  change  in  its  character.  The  mucous  meok- 
brane  of  the  uterus  possesses  on  its  free  surface,  a  tubular  structure  (Figs.  207, 20S) ; 
not  very  unlike  that  which  has  been  described  as  existing  in  the  lining  membrane 
of  the  stomach  (§  d-i).  This  tubular  portion  becomes  thickened  and  increased  in 
vascularity,  within  a  short  time  after  conception ;  and  when  the  inner  surface  of 
a  newly-impregnated  Uterus  is  examined  with  a  low  magnifying  power,  the  ori- 
fices of  its  lubes  are  very  distinctly  seen,  being  lined  wirh  a  white  epithelium. 
The  blood-vessels  form  a  very  minute  network,  which  extends  in  loops  from  the 
*  "Muller'a  Elements  of  Pbysiology,"  pp.  1574-1680 
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Section  of  the  Lining  Ifetubrant  of  a  Jlhnifin  Vlervt  at  the  period  of  eommencing  pregniticy, 
twice  the  DBtunl  «ize;  sbowinj;  (be  Hj-rangenieut  and  other  pcculmrilicft  of  the  glonda  d,d,  d, 
with  their  orificea,  a,  a,  a,  oo  the  tntemal  aarface  of  the  orgna, 

subjacent  portion  of  tlio  tnemliniDe.  According  to  the  observations  of  Prof. 
Goodhir,'  the  interi'ullioulur  spaces  also  are  crowded  with  nucleated  particles  ;  and 
ii  ia  to  the  devetopuent  of  this  intcrfollicular  subfitaDce,  a&  well  aa  to  the  en- 


Fw.  308. 


[Fia.  200. 


Two  tbSo  aeginenti  of  HuinKn  De- 
cidua;  after  raoent  impntgnation, 
viewed  on  a  dark  ground  ;  they  show 
the  opeoiugs  on  the  surfnee  of  the 
membrane,  a  \m  mnfpified  aix  db^in. 
etert  and  B  twelve  diameters.  At  1, 
the  lining  of  epithelium  iii  f  een  with- 
in the  orifleei ;  at  2,  it  has  escaped. 
From  Dr.  Sharpey  (xxxiL).] 

A  portion  of  Fig.  207  more  enlarged, 
showing  the  eonvoluted  uxtrcmitiea  of  the 
tubular  glaodulie. 

larjrement  of  the  follicles  themselves,  atid  the  copious  development  of  epithelial 
^eelis  in  their  interior,  that  the  mucous  membrane  in  this  condition  owes  its  in- 
creased tbickne<»9.  This  increased  rJevelopment  appears  to  have  reference  in  part 
tn  the  temporary  nxftrition  of  the  Ovum,  nnd  in  part  to  the  fiirthcr  evolution  of 
the  decidual  substance  itself  in  the  fominiion  of  the  Placenta.  The  cavitv  of  the 
Uterus  shortly  becomes  filled  with  a  fluid,  evidently  pourcd-out  from  the  follicles 
in  ifs  walls,  and  containing  a  larfje  number  of  nucleated  cells;  and  in  this  the 
villi  of  the  chorion  imbed  themselves,  obviously  for  the  purpow;  of  deriving  from 
it  the  materiiils  rerjuircd  for  the  development  of  the  embryonic  structures.  These 
vilH  are  easily  traced  tn  the  Bitch  (as  Dr.  Sbarpey  first  pointed-out)  into  the 
rfiiouth?  of  the  uterine  glnndufas,  some  of  which  arc  composite  in  their  straotim,  a 
"  Aiiutomical  and  PhjRiologico]  ObscrTations,"  chap.  ix. 


I 


Ringle  outlet  being  common  to  a  niimbcr  of  follicles;  bu»  they  have  not  yet  been 
fo  traced  in  the  IJuman  subject. 

864.  The  Deciduous  inenibrane  is  found  at  a  later  period  to  consist  of  two 
layen»;  the  Ihculua  wra  lining  the  uterua,  and  the  Drcidua  rrfiexn  covering  the 
exterior  of  the  ovum,  Rupurding  the  origin  of  tliis  second  layer,  there  baa  been 
a  good  deal  of  difference  of  opinion.  The  docfrine  first  propounded  by  Dr.  W. 
Tlunter,  which  is  indicated  by  the  name  he  bestowed  upon  the  membrane,  waa 
that  the  'decidua  reflexo'  is  a  portion  of  the  true  deeidua,  which  boa  been  pushed 
before  the  ovum  at  its  entrance  into  the  uterus ;  it  being  Buppo.scd  that  the  true 
deeidua  forma  a  completely  closed  sac  (like  that  of  a  serous  mcuibrane),  against 
the  ouiiide  of  which  the  ovum  is  applied,  bo  that  it  cotnca  to  be  invested  by  a 
double  layer  of  it,  as  the  heart  is  by  the  pericardium,  or  the  lungs  by  the  pleura. 
Hut  this  view  is  negatived  by  a  number  of  considerations.  For,  in  the  first  place, 
tbe  original  deeidua  does  not  form  the  closed  eac  which  this  Kupposition  involves, 
but  extends  (like  the  mucous  membrjae  of  which  it  is  a  inetamorphnaed  form) 
into  the  Fallopian  tubes ;  and  the  ovum,  at  its  entrance  into  the  uterus,  really 
lies  upon  its  internal  surface.  But  ag.iin,  the  texture  of  the  two  layers  is  very 
different;  for,  as  was  first  pointed-out  by  Prof  tiooilair  (loc.  oit.),  the  deeidua 
reflexa  ia  almost  entirely  composed  of  celKs,  eshibiiing  few  or  none  of  the  oriticcs 
of  the  glandular  follicles  which  are  characteristic  of  the  deeidua  vera,  except  near 
the  part  where  the  two  layera  are  continuous.  According  to  tbe  observations  of 
M.  Coste,  however,  there  is  a  considerable  resemblance  between  the  two  layera  at 
an  early  period  \  and  he  considers  the  following  to  be  the  mode  in  which  tho 
second  investment  is  formed.  When  the  ovum  enters  the  uterus,  it  becomes  par- 
tially imbedded  in  the  substance  of  the  deeidua,  whit-h  is  as  yet  fjuite  soft  (Fig- 
210);  and  this,  receiving  an  increa-scd  nutritioa,at  the  part  with  whit-h  the  ovum 
comes  into  contiiot,  grows-up  around  it,  very  much  after  the  manner  in  which  the 
fleshy  granulations  grow-up  around  the  pea  imbedded  in  a  caustic  issue.  This 
iestea^OQ  of  the  decidual  substance  coutiuues  (Fig.  211),  until  it  has  completely 
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Fx«.  210. 


Fio.  2U. 


Ftrit  stags  oftbo  formntion  of  the  Deeidua 
T9Jl«xa  aromid  the  Otued. 


More  adraneod  itagc  of  i^eoicfua  re/7eza. 


enveloped  the  ovum ;  and  it  is  thus,  according  to  him,  that  the  deeidua  reflexa  is 
formed,  in  continuity  with  the  deeidua  vera.'  As  tbe  ovum  increases  in  size,  the 
CJivity  between  the  deeidua  vera  and  the  deeidua  reflexa  gra.dually  dimini.shefl ;  and 
by  the  end  of  tho  3d  month  the  two  layers  come  into  contact,  and  are  henceforth 
scarcely  or  not  at  all  distinguishable. 

865.  The  surface  of  the  Ovum,  thus  surrounded  by  the  double  layer  of  the 

'  This  doctrine  was  6rst  announced  by  M.  Coate  in  a  cnmrnuntcivtirtn  lo  the  Purisian 
Academy  of  Sciences,  on  the  basis  of  obflcrrnlions  on  two  Uteri  nt  the  UOth  and  26th  dftys 
of  gestation.  (See  "Comptes  Rendua."  Mai  24.  1847.)  It  seemfl  to  be  that  which  is 
■Itogctber  most  in  harmony  with  ohserted  facts :  and  capecially  with  those  noticed  by  Pro- 
fesBora  Shnrpey  and  Weher.— Si*o.  also,  the  M«moir  of  M.  Rnbin,  on  th«3  Mucous  Men 
brftneoftbe  Uterus,  in  the  "Archiv.  G^n.  de  M^d.,")  4e  Ser.,  lorn.  xrii.  iviiL 
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deciduous  membrane,  i»  rendered  shaggy  by  the  growth  of  villous  toft«  from  tljc 
earface  of  its  inTesting  Cborioa  (Fig.  212).     Each  of  these  tufta,  as  was  fint 

pointed-out  by  Prof,  Goodsir  (loc.  cit.),  is  com- 
Fio.  212.  poeed  of  ao  assemblage  of  nucleated  cells,  which 

are  found  in  Tarious  stages  of  development;  and 
these  are  always  enclosed  within  a  layer  of  bn^e- 
meut-membrane,  which  seems  to  be  itself  com- 
posed of  flattened  cells  united  by  their  cde«. 
At  the  free  extremity  of  each  villus  is  a  bulbous 
expansion,  the  cells  composing  which  are  ar- 
mnged  round  a  central  spot;  and  it  is  at  this 
p4.>itit  that  the  most  active  processes  of  growth 
take-place,  the  villus  elongating  by  the  develop- 
ment of  new  cells  from  its  germinal  spot,  sod 
(like  the  spongiole  of  the  plant)  drawiog-in  na- 
triraent  from  the  soil  in  which  it  is  imbedded. 
— In  its  earliest  grade  of  development,  the  cho- 
rioQ  and  its  villi  contain  no  vessels ;  and  the 
fluid  drawn-in  by  the  tufts  is  communicated  to 
the  embryo,  by  the  absorbing  powers  of  the  ger- 
minal membrane  of  the  latter.  Bat  when  the 
Entlro  Z/umoH  Ovtm  ftf  8tb  wwk,  tufts  are  penetrated  by  blood-vessels,  aod  their 
e\ite*n  >in«e  in  length  (not  reckoning  communication  with  the  embryo  becomes  mors 

Inc  tufts);  the  (urface  of  the  Chorion   j-       ^    ^v  u         i.*  i.    .l 

,.artl)-   .mo.th.   .nd   p«rtl7  rendered  ^'"^^  ^^"^  "^^'^^^   ^l  ''^^^  t^«y   communicate 
i-iiBggT  by  the  growth  of  tiifts.  With  tlie  parent  are  found  to  be  still  eflsentblly 

the  same ;  namely,  a  double  layer  of  aucleated 
cells,  one  layer  belonging  to  the  foetal  tuft,  and  the  other  to  the  vascular  matcmol 
Burfacc.     It  is  from  these  elements  that  the  Flaanfa  is  formed. 

8GG.  Tho  first  stage  in  this  process  consists  in  the  extension  of  the  Fcetal 
vessels  into  the  villi  of  the  Chorion  over  its  entire  surface,  in  the  manner  here- 
after to  be  detailed  (§  803) ;  so  that  the  nutriment  which  these  villi  imbibe,  in- 
stead of  being  merely  added  to  the  albuminous  fluid  surrounding  the  yolk-bag.  h 
now  conveyed  directly  to  the  embryo.  This — the  earliest  and  simplest  mode  by 
which  tho  Foetus  etfects  a  new  connection  with  the  parent — is  the  only  one  ia 
which  it  ever  take»-place  in  the  lower  Mammalia,  which  are  hence  properly  de- 
signated as  '  non-placcntal,'  rather  than  as  ovo-vivipurous.  In  the  higher  Mam- 
malta,  however,  there  soon  occurs  a  g*"^*t  extension  of  the  vascular  tufts  of  the 
fcBtal  chorion,  at  certain  points  ;  and  a  corresponding  adaptation,  on  the  part  of 
the  uterine  structure,  to   afford  them  an  increased   supply  of  nutritious  fluid. 

These   spccially-pnj/onged    portions   are 
Fio.  213.  scattered,  in  tho  Ruminantia  and  some 

other  Mammalia,  over  the  whole  surface 
of  the  chorion,  forming  what  are  termed 
the  '  cotyledons ;'  but  in  the  higher 
orders,  and  in  Man,  they  are  concentrated 
in  one  spot,  forming  the  Placenta.  Ia 
some  of  the  lower  tribes,  the  maternal 
and  the  fcetal  portions  of  the  placenta, 
may  be  very  easily  sepanled;  the  for- 
mer  consisting  of  tbetluckeoedDecidua; 
Pnrii.>r.  ,.f .».-  „i.:     .         -r    .-        *  L    >nd  the  latter  being  composed  of  the 

rorlion   of  the  ultimate  ramificationd  of  the         ,  ,  ,  .P.  t""^^    v»    »*••' 

V whiWout  y v^BcU,  rorming  ibi>  Fa-tai  Villi  of  a^V^olougcd  and  ramifying  vascular  tufts 
Ptatenta.  of  the  Chorion,   dipping-down    ioto  tL 

But  in  the  Human  plactintu.  the  two 
elements  are  mingled  together  through  its  whole  subatanL-e. — On  looking  at  tbs 
foDtal  surface   of   the  Human  placenta,  we  perceive  that  the  umbilical  veaeek 
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diverge  in  every  directJoo  from  the  point  at  which  they  enter  it;  and  their  sub- 
divisions form  a  large  mass  of  cipillaries,  arranged  in  a  peculiar  manner  (Figs, 
213,  214),  and  constituting  what  are 
known  as  the  /wtal  villi  Each  villus 
contains  one  or  more  capillary  loops, 
oommunicattng  with  an  artery  on  one 
side,  and  with  a  vein  on  the  other ;  but 
the  same  capillary  may  pasa  into  Bcveral 
villi,  bcfurc  re-entering  a  larger  vessel. 
The  capillariea  of  the  villi  are  covered, 
as  in  the  chorion,  by  a  layer  of  cella 
(^Fig.  214,  a,  (T,  Fig.  215,/),  inclosed  in 
Lagement-raembrane  (c) ;  but  the  fcctal 
tuft  thus  formed  is  incloaed  in  a  second 
eeriea  of  envelopes  (Fig.  215,  a,  &,  c), 
derived  frotn  the  maternal  portion  of  the 
placenta, — a  space  (jl)  being  left,  how- 
ever, between  the  two,  at  the  extreraity 
of  the  tuft. 

807.  Whilst  the /«/«?  portion  of  the 
Placenta  is  thus  being  general'«d  by  the 
extension  of  the  vascular  tufls  of  tlie 
Chorion,  the  maternal  portion  is  formed 
by  the  enlargement  of  the  vessels  of  the 
Decidna,  between  which  they  dip-down. 
**  These  vessels  assume  the  character  of 
fiinuses;  and  at  last  swell-out  (so  to 
fepeak)  around  and  between  the  villi ;  so 
that  finally  the  villi  are  completely  bound- 
up  or  covered  by  the  membrane  which 
constitufea  thf  walla  of  tho  vessels,  this  vea«cl 
tnembrane  following  the  contour  of  all 
the  villi,  and  even  pas.^ijig  to  a  certain 
extent  over  the  branches  and  stems  of 
the  lufta.  Between  this  membrane,  or 
wall  of  the  enlarged  decidual  vessels, 
and  tho  iuternal  membrane  of  the  villi, 
there  still  remains  a  layer  of  the  cella 
of  the  dccidua."  '  In  this  manner  is 
formed  the  maternal  portion  of  the  pla- 
centa, which  may  be   regarded   in    its 

adult   state  (as   was  well    pointed-out    by       Estremiiyof  »  Placental  YiUu»:—a,  exter- 
Dr.  J.  Rfid ')  in  the  light  of  a  large  sac  »*'  memWune  of  the  rillui.  continuous    with 

formed  by  a  prolongation  of  the  inner  '^'  ""'"«  memhrnne  of  the  rwcoUr  i-.T^tctn  of 

t     *  iU        *     ■  I  •      i.    .u^  thomotber;  6,  external  oellji  of  the  yiHiis,  be- 

coat  of  the  utenno  vessels  :   against  the  ,  „  ..     .    '.      i        ,  i  j_«:j...  .  ,  „  „»„^^w.m^ 
~,        .  r.     1  •  I  \_  t      •         lonping  to  Ihe  placental  decniuii;  <r,  e,  iterminw 

foetal  surface  of  which  sac,  the  tufts  just  centre*  of  the  *xternftl  cclln;  rf.  the  iipiice  bc- 
described  may  be  said  to  push  them-  twecn  the  Tnalemal  and  fceUl  ftortions  of  Ibe 
Bclves,  so  as  to  dip-down  into  it,  carry-  villog;  e,  the  internal  inenil>T«ne  of  tW  villa*, 
in-  before  them  a  ptirtion  of  its  thin  «Jontinuna«  with  the  external  membmne  of  the 
1,  ,.  ,  ^.^  /  i_  ..  >  i_  chorion ;/,  the  internal  cellR  of  tho  rillui,  be- 
wail, which  constitutes  a  sheath  to  each  ,^„^.„^  ^  ^j,o  chorion ;  g,  the  loop  of  umbiii. 
tuft.  Now  as  every  extension  of  the  cai  ve«»ela. 
uterine  vessels  carries  the  decidua  before 
it,  every  one  of  the  vascular  tufts  that  dips-down  into  it,  will  be  covered  with  a 

'  Prof.  Gpodsir's  "Anatomical  and  PalholoKicnl  Observations,"  p.  60. 
••'Edinb.   Meil.  and  Surg.  Journ.  *' J»d.  1847  ;  and  '•  Anat  Physiol.,  and  Patbol   R*- 
March«?."Chap.  vui 
49 


Portion  of  one  of  the  Ferial  VilU,  about  to 
rorin  part  of  the  PlaceoLa,  highlj  magniGed. — 
a,  a,  ita  celtutar   covering;    b,  b,  b,  ilt  tttoped 
;,  itJi  baii«  of  ooDneotire  tiiiua. 
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layer  of  the  cellular  structure  of  the  latter ;  and  the  foetal  portion  of  each  Inft 
will  thus  be  inclosed  in  a  layer  of  maternal  cella  and  basemeat-membrane  (Fig. 
215,  a,  b,  c).  In  this  manner,  the  whole  interior  of  the  Placental  cavity  (Fig. 
216)  ifi  intersected  by  numerous  tufts  of  foetal  vessels  disposed  in  iringee,  and 
bound-down  by  reflexiohs  of  the  delicate  membrane  that  forms  its  proper  wall ; 
just  as  the  intesiines  are  held  in  their  places  by  the  reflexions  of  the  peritoneuiu 
that  ooverfi  them.     This  view  was  Buggested  by  Dr.  Reid  by  the  very  interesting 
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Section  of  •  portion  of  m  rallj-rormed  Placenta,  with  the  part  of  the  Fteru  to  vhleh 
it  i*  Bttaobcd  :^-«t,  ombilicAl  cord  ;  h,  b,  seclioo  of  utera*.  ihojriof  tba  Tenou 
e,  Cf  e,  branehea  of  tb«  umbilioal  vessels;  d,  d,  curling  arteriea  of  the  ntenu. 

fact,  that  the  tufts  of  fcotal  vessels  not  unfroquently  extend  beyond  the  uterine 
surface  of  the  placenta,  and  dip-down  into  the  uteiioe  aiDoaes  (Fig-  217)) 

Fi8.  217. 


DUgram  of  thaatruotnre  of  tbo  Plnctuta  ,— showinif  n,  tb»  onHstanw  of  the  nterat; 
6,  the  oarity  of  a  iinag ;  c,  carling  arlerieg  ;  d,  d,  the  decidoa]  lining  of  the  uterai ;  •»  «^ 
(he  fatal  t&fU  dipping-down  icto  this. 

where  they  are  still  covered,  nnd  held  in  their  places,  by  reflexions  of  the  ^nm 
membrane.     All  the  bands  which  connect  and  tic-down  the  tuO.i,  are  fonncd  o? 
the  same  elements  as  the  envelopes  of  the  tufts  themselves ;  nnTrrly.  a  fold  of  fha 
lining:  raembnine  of  the  decidual  sinupcs,  and  a  layer  of  the  cellular  decidna. 
868.  The  Maternal  blood  ia  conveyed  into  the  iPlacental  cavity  by  the  *  curling 


ao-teriea'  of  the  utenia  (Fig.  216,  d,  Fig,  217.  c);  and  is  received-back  from  it 
into  the  large  veins  that  are  commonly  designated  as  sinuses  (Figs.  216,  217, 
b  b).  Tbe  foetal  veaeela  (Fig,  216,  c,  c,  Fig.  217,  e,  e)  being  bathed  in  this 
bluod,  as  the  bmuchiaa  of  aquatic  aoiuals  are  in  the  water  that  surroutids  them, 
Dot  onlj  enable  the  foetal  blood  to  exchango  its  venous  character  for  the  arterial, 
bj  parting  with  iia  carbonic  acid  to  the  inatenial  blood,  and  receiving  oxj'geu 
from  it;  but  they  also  serve  as  rootlets,  by  which  certain  nutritious  elements  of 
the  ii>aternal  blood  (probably  those  composing  the  liquor  sanguinis)  are  taken 
into  the  system  of  the  foetos.  In  this,  they  closely  correspond  with  the  villi  of 
the  intestinal  canal;  and  there  is  this  further  very  striking  analogy,  —  that  the 
QQtticnt  material  is  selected  and  prepared  by  two  sets  of  cells^  one  of  which  (the 
maternal)  transtuits  it  to  the  other  (the  foetal),  in  the  same  wanner  as  the  epithe- 
lial cells  of  the  intestinal  villi  seem  to  take-up  and  prepare  the  nutrient  matter, 
which  is  destined  to  be  still  farther  assimilated  by  the  cells  that  float  in  the  eir* 
culating  current  (^§  121).  It  is  probable,  too,  that  the  Placenta  is  to  be  regarded 
as  an  excreting  organ;  serving  for  the  removal^  througli  the  maternal  blood,  of 
excrcmcntitious  matter  whose  continued  circulatiou  through  the  blood  of  the 
foetus  would  be  prejudicial  to  the  latter.  And  it  will  be  in  this  mode,  that  the 
blood  of  the  moiher  may  become  impregnated  with  substances,  or  impressed  with 
attributes,  originally  beluugiug  to  the  male  parent;  so  as  to  impart  these  to  the 
products  of  subsequent  conceptions  by  a  different  father  (§  881).  There  i?  no 
more  direct  comiuunicatioQ  between  the  mother  and  fietus,  than  that  which  is 
afforded  by  this  immerBioa  of  the  foetal  tufts  in  the  maternal  blood;  all  the  ob- 
servations whicL  have  been  supposed  to  prove  the  existence  of  real  vascular  con- 
tinuity, having  buen  lalsitied  by  the  extravasation  of  fluid,  probably  conseqmnt 
upon  the  force  used  in  injecting  the  vessels.  Moreover,  the  different  sise  of  the 
bluud-corpuscles  in  the  feet  us  and  in  the  pareut  (§  167)  shows  the  non-existence 
of  any  such  couHuunicatiao. 

869,  The  formation  of  the  Placenta,  in  the  manner  just  described,  commences 
in  the  latter  part  of  the  secoud  month  ;  during  the  third,  the  organ  acquires  its 
proper  character;  and  it  subsequently  goea-ou  increasing,  in  accordance  with  the 
growth  of  the  Uvum.  Towards  the  end  of  the  term  of  gestation,  however,  it 
becomes  more  dense  and  less  vascular ;  owing,  it  would  seem,  to  the  obliteration 
of  several  of  the  minuter  vessels,  which  are  converted  into  hard  fibrous  filaments. 
The  vessels  of  the  Uterus  undergo  great  eolargetnent  throughout,  but  especially 
at  the  part  to  which  the  placenta  is  attached;  and  the  bloud  in  niuviag  through 
them  produces  a  peculiar  murmur,  which  is  usually  distinctly  audible  at  an  early 
period  of  prfgoaooy,  and  may  be  regarded  (when  due  care  is  taken  to  avoid 
sources  of  failucy),  as  one  of  its  most  unequivocal  positive  signs.  The  'placental 
bruit'  is  thus  described  by  Dr.  Montgomery.'  "The  characters  of  this  pheno- 
menon are,  a  low  murmuring  or  somewhat  cooing  sound,  resembling  that  made 
by  blowing  gently  over  the  lip  of  a  wide-mouthed  vial,  and  accompanied  by  a 
slight  rushing  noise,  but  without  any  sensation  of  impuUe.  The  sound  is,  in  its 
return,  exactly  synchrouuus  with  the  pulse  of  the  mother  at  the  time  of  exa mi- 
nation  ;  and  varies  in  the  frequency  of  its  repetitions,  with  any  accidental  vuria- 
tioQ  which  may  occur  in  the  maternal  circulation.  Its  situation  does  not  vary 
during  the  course  of  the  same  pregnancy;  hut  in  whatever  region  of  the  uterus 
it  is  first  heard,  it  will  in  future  be  found,  if  recognized  at  all, — for  it  is  liable  to 
intermissions, — at  least,  wo  ehall  occasionally  be  uuuble  to  hear  it  where  we  have 
already  heard  it  a  short  time  before,  and  where  we  shall  shortly  again  recognize 
it.  According  to  my  experience,  it  will  bo  most  frequently  beard  about  the 
situation  of  the  Fallopian  tube  of  the  right  side;  but  it  may  be  detected  in  any 
of  the  lateral  or  anterior  parts  of  the  uterus."  That  the  cause  of  this  sound 
exists  in  the  Uterus  itself,  is  distinctly  proved  by  the  fact,  that  it  has  been  heard 
when  that  organ  was  so  completely  anteverted,  that  the  fundus  huug-dowD 
'  "  SiguB  of  Pr«gnMpy,"  p,  121. 
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between  the  pntient's  thighs.  A  sound  so  inucb  re»einbling  this  as  to  be  scareeljj 
distinguishable  from  it,  luay  be  occasioned,  however,  by  a  caupe  of  a  very  diffe 
ent  Duture, — uiimely,  an  Bbdoniiofll  tumour,  pressing  opon  the  aorta,  iliac  arteries, 
or  cnkrged  vessels  of  its  own  ;  and,  in  doubtful  caFce,  it  is  necessary  to  give  full 
weight  to  the  possibility  of  such  an  explanation.  The  sound  may  be  imitated  at 
any  time,  by  pressing  the  stethoscope  fin  the  iliac  arteries.  The  placental  bmit 
hns  been  not  unfrccjuently  heard  in  the  11th  wpclc ;  but  it  cannot  generally  be 
detected  before  the  fourth  month,  when  the  fundus  uteri  rises  above  the  anterior 
wall  of  the  pelvis. 

870.  The  increase  in  the  size  of  the  Uteruf,  which  takos-place  pari  paim 
with  the  enlBTgement  of  the  ovum,  is  accompanied  with  a  remarkable  augn)enta' 
lion  in  the  amount  of  its  eub^tance.  Up  to  abcmt  the  EAh  or  sixth  month,  not 
only  its  cavity,  but  the  thiokm-ss  of  its  walls,  is  progreeeivfly  added-to;  from 
tliut  time  to  the  end  of  gestation,  the  thickness  of  the  walls  diminishes  whilst 
the  cavity  increascp,  but  not  in  an  equal  proportion;  and  at  the  conclusion  of 
parturition,  its  solid  bulk  is  estimated  a.t  about  twenty-four  times  that  of  the  un- 
iniprcgnatcd  Uterus.  The  oufimcnted  volume  of  the  organ  is  chiefly  due  to  the 
iiicrea.^cd  development  oi'  its  Muscular  coot,  which  is  composed  of  the  fusiform 
cells  with  slafl-shaped  nuclei,  that  uiake-up  the  *  non-striated  '  muscular  fibre  else- 
wlicre.  According  to  Prof.  Kiyllikcr,  a  vast  amount  of  new  fibres  are  generated 
during  the  early  months  of  pregnancy;  but  there  is  at  the  same  time  an  extraor- 
dinary increase  in  the  size  of  those  previously  formed^  their  length  being  multi- 
plied from  seven  to  eleven  times,  and  their  width  from  twice  to  five  times.  After 
the  sixth  month,  the  origination  of  new  muscular  fibres  seems  to  cease,  but  the 
augmentation  in  the  size  of  those  already  generated  seems  to  continue.  The  con- 
nective tissue  which  unites  the  muscular  fibres,  also  increases  during  pregnancy, 
and  becomes  more  distinctly  fibrous.'  It  has  been  afiimied  that  the  Nervous  sub- 
stance  of  the  Uterus  also  undergoes  a  great  augmentation  during  pregnancy;  bat 
of  this  no  sufficient  evidence  has  yet  been  adduced.  —  Simultaneously  with  the 
enlargement  of  the  uterus,  the  Mammary  Gland  and  its  appendages  undergo  a 
fuller  development;  and  from  this  a  valuable,  but  not  unequivocal,  indication  of 
pregnancy  may  be  drawn.  Occasional  shooting  pains  in  the  Mammae  are  not 
unfrequoitly  experienced  within  a  short  period  after  conception;  and  more  con- 
tinued tenderness  is  also  not  unusual.  A  sense  of  distension  is  very  eommoDly 
experienced  at  about  the  end  of  the  second  month  ;  and  from  that  time  a  distinct 
'  kiiottiuess'  usually  begins  to  present  itself,  increasing  with  the  advance  of  preg- 
nancy. In  many  instances,  however,  these  mammary  sympathies  are  entirely 
absent;  and  they  may  be  simulated  by  changes  that  take  place  in  consequence 
of  various  affections  of  the  uterus.  A  change  of  colour  in  the  areola  is  a  very 
copimon,  but  not  an  invariable,  occurrence  in  the  early  months  of  pregnancy; 
but  another  sign  is  afiTorded  by  the  areola  and  nipple,  which  is  of  more  value 
because  more  constant^  —  namely,  a  puffy  turgescencc,  and  an  increased  develop- 
ment of  the  little  glandular  follicles,  or  tubercles,  which  commonly  secrete  a 
drwy  moisture. — Many  other  changes  in  the  constitution  occur  during  pregnancy; 
indicated  by  the  buffiness  of  the  blood,  the  irritability  of  the  stomach,  and  the 
increased  excitability  of  the  mind.  All  these,  however,  are  discussed  with  suffi- 
cient amplifieation,  in  works  on  Obstetric  Medicine. 

871.  The  uci  of  Conception,  being  one  of  a  purely  organic  nature,  is  not  itself 
productive  of  any  sensation  on  the  part  of  the  mother ;  but  there  are  some  wo- 
men in  whom  it  is  attended  with  certain  sympathetic  affections,  such  as  faintness, 
vtrtigo,  &c,,  that  enable  iliem  to  fix  upon  the  particular  time  at  which  it  has 
Taken  place.  From  that  period,  however,  the  mother  has  no  direct  consciousness 
of  the  change  going-on  in  the  uterus  (save  by  the  effects  of  its  increasing  pres- 
sure on  other  parts),  until  the  occurrence  of  what  is  termed  'quickening.'  This 
'\%  generally  described  us  a  kind  of  fluttering  movement,  attended  with  some  de- 

'  6te  Kolliktr's  "Motitial  of  Hun;an  Histology"  (83rd-  Soc.'e  Ed.),  vol.  ii.,  p.  268,  259. 


gree  of  syncope  or  vertigo.  After  it  has  once  occurred,  and  has  strongly  excited 
attentioQ,  it  ia  occaajoually  renewed  once  or  twice,  and  ihen  gives-place  to  the 
ordinary  movements  of  the  foetus.  Not  unfrequeotly,  however,  no  nioveinent 
whatever  is  felt,  until  near  the  end  of  the  term  of  gestation^  or  even  thn'Ugh  the 
whole  of  it.  As  to  the  cause  of  the  seusatton.  Obstetricians  are  much  divided; 
and  no  satisfactory  account  has  been  given  of  it.  It  has  been  vulgarly  supposed 
to  be  due  to  the  first  raovemeat  of  the  foetus,  which  was  imagined  then  to  be- 
oome  possessed  of  an  independent  life ;  and  the  English  law  recognizes  the  truth 
of  this  doctrine,  in  varying  the  punishment  of  an  attempt  to  procure  Abortion, 
according  to  whether  the  woman  be  *  quick  with  child'  or  not;  and  in  delaying 
execution  when  a  woman  can  be  proved  to  he  so,  though  it  is  made  to  proceed 
if  she  ia  not,  even  if  she  be  unquestionably  pregnant.  Whether  or  not  the  first 
sensible  motions  of  the  fistos  are  the  cause  of  the  peculiar  feeling  in  question, 
there  can  be  no  doubt  that  the  embryo  has  as  much  itidependent  vitality  before, 
as  after,  the  quickening,  From  the  time  that  the  ovum  quits  the  ovary,  it  ceases 
to  be  a  part  of  the  parent,  and  is  dependent  on  it  only  for  a  due  supply  of  nour- 
ishment, which  it  converts,  by  its  own  inherent  powers,  into  its  proper  fabric. 
But  this  dcpcudcneo  cannot  be  said  to  cease  at  the  moment  of  quickening;  for 
the  connection  must  he  prolonged  during  several  weeks,  before  the  foetus  becomes 
capable  of  sustaining  life  without  such  assistance.  The  earliest  period  at  which 
this  may  occur,  will  be  presently  considered  (§  876). 

872.  At  the  conclusion  of  about  forty  weeks,  or  (less  correctly)  nine  solar 
months,^  from  the  period  of  conception,  the  time  of  Parturition  arrives.  In  this 
act,  the  muscular  walls  of  the  Uterus  are  primarily  concerned  j  for  a  kind  of 
peristaltic  contraction  takes-place  in  them,  the  tendency  of  "which  is  to  presjs  the 
contents  of  the  cavity  from  the  fundus  towards  the  os  uteri,  and  finaily  to  expel 
them;  and  this  contraction  is  alone  sufficient  to  empty  (he  uterus,  when  no  im- 
pediment is  presented  to  the  exit  of  the  foetus,  as  we  see  in  the  occasional  occur- 
rence of  post-mortem  parturition.  It  is,  in  fact,  in  the  contraction  of  the  fibn-a 
of  the  fundus  and  body  of  the  uterus,  and  in  a  relaxation  of  those  atwut  the  cervix 
(which  relaxation  is  something  quite  different  from  a  mere  yielding  to  pressure, 
and  is  obviously  a  vital  phenomenon  that  marks  a  peculiarity  in  the  actions  of  this 
part),  that  the  first  stuge  of  an  ordinary  labour  essentially  consists.  There  is  no 
proof  whatever,  that  these  changes  are  dependent  upon  nervous  influence  ;  in 
fact,  there  is  much  evidence  that  the  pjtrturient  action  of  the  uterus  is  nvf  the 
result  (aa  some  have  maintained  it  to  be)  of  a  ♦reflex'  action  of  the  Spinal  Cord, 
but  is  due  to  its  inherent  contractility  ;  for  numerous  instances  have  occurred,  in 
which  normal  parturition  has  taken-place,  notwithstanding  the  destruction  of  the 
lower  part  of  the  Cord,  or  the  existence  of  a  state  of  complete  paraplegia  which 
[marked  its  functional  inactivity;  and  the  continuance  of  the  peri stakic  action 
for  some  time  after  somatic  death,  when  neither  the  Cerebro-spinal  nor  the  Sym- 
pathetic system  can  afford  any  supply  of  nervous  power,  is  a  yet  more  satisfactory 
proof  of  ihe  same  position. — Nevertheless,  it  seems  quite  certain  that  muscular 
contractions  of  the  Uterus  may  he  induced  by  reflex  action  j  for  in  no  other  way 
can  we  account  for  numerous  phenomena,  which  distinctly  mark  the  operation 
of  remote  causes  acting  through  the  nervous  system  ;  such  aa  the  induction  of 

*  Although  'nine  nontha'  is  nauatly  spoken-of  as  the  term  or  Gestation,  jet  the  rent 
term  of  forty  weeks  exceeds  this  bj  from  fire  to  seven  dayji,  according  lo  lite  montba 
included.  The  mode  of  reckoning  custoTnary  among  women,  is  to  date  from  Ihe  middle  of 
the  month  sfter  the  last  appearaQce  of  the  Catamenia ;  but  it  is  certain  that  Conception  is 
much  more  likely  to  take  place  loon  after  they  have  cenaed  to  flow,  or  even  just  befora 
their  access,  than  in  the  intervening;  period  (§  853);  so  that,  in  most  instances,  it  would 
b«  moat  oorrect  to  eipect  labour  at  forty  weeks  and  a  few  days  after  the  last  recurrence 
of  the  Menses. — The  period  of  quickening  may  be  relied-on  in  some  women,  in  whom  it 
occurs  with  great  regularity  in  ft  certain  week  of  pregnancy  ;  but  in  general  there  is  great 
latitude  aa  to  the  time  of  its  occurrence,  The  uaaij  or  average  time  seems  lo  be  about 
th«  18tb  week  of  gestatiuo. 


i 


4 


4 
4 
^ 

4 
4 


774 


or  generation: — action  op  thb   fbmals. 


uterine  oontraotioDS  by  the  dash  of  cold  ynier  on  the  abdoininsl  snr&ce,  lij  tbe 
injection  of  cold  water  into  the  vagina,  by  the   ingestion  of  cold  water  into  ibt 
Btomach,  or  even  by  dipping  the  hands  into  cold  wator,  or  apiin  by  the  fTKtaniA,jj 
application  of  the  infant's  lips  to  the  nipple,  by  the  introduction  of  the  hand  iobij 
the  vagina,  by  violent  movements  of  other  parts  of  the    body,  and  by  virio 
other  means.     This  general  fact  has  an  important  practical  bearing;  Bifloe  ikn 
are  various  occasions  on  which  it  is  most  important  to  life,  that  the  previoail] 
flaccid  uterus  should  be  excited  to  vigorous  contraction,  for  the  8ake  of  accelcr 
ting  parturition  or  of  suppressing  haemorrhage;  whilst,  on  the  other  hand,  it  i 
often  no  less  important  to  be  able  to  prevent  or  to  antagonize  the  operation  , 
causes  which  would  prematurely  induce  uterine  contractions,  to  the  aestmctia 
of  the  offjipring  and  the  danger  of  the  mother. 

873.  When,  in  the  normal  act  of  Parturition,  the  head  hafi  bo  far  made  its  w>y 
through  the  os  uteri  as  to  begin  to  distend  the  lower  part  of  the  genital  canAJ,  i 
new  kind  of  expulsive  effort  is  superadded  to  that  of  the  Uterus  itself;  the  as^iiW 
ance  of  the  Expiratory  muscles  being  then  called  in  (^  511),  through  the  iiit«k' 
mediation  of  the  Spinal  Cord,  which  is  probably  excited  to  this  action  by  the  stj« 
mulus  thus  applied  to  the  aflFcrent  nerves  of  the  compressed  parfs  ;  and  it  ischicfij 
by  the  instrumentality  of  these  mxiscles,  that  the  normal  act  of  parturition  is  usu- 
ally completed.  The  same  action  which  expels  the  foetus,  generally  also  detacb«« 
the  placenta ;  and  if  the  uterus  contract  with  sufficient  force  after  this  has  hwn 
thrown-oflF,  the  orifices  of  the  vessels  which  communicate  with  it  are  so  effeclo»lly 
closed,  that  little  or  no  hscmorrhnge  takes  place.  If,  however,  the  uterus  Jom 
not  contract,  or  relaxes  after  having  contracted,  a  large  amount  of  blood  m»y  be 
lost  in  a  short  time  from  the  open  orifices.  For  some  little  time  afiter  parturition, 
a  sero-jsanguineous  discharge,  termed  the  lochia,  is  poured-out  from  the  ntenu; 
and  this  commonly  contains  shreds  of  the  deciduous  membrane,  which  had  not 
been  previously  detached,  together  with  a  quantity  of  fat-globules,  and  other  pn> 
ducts  of  disintegration  of  the  uterine  tissue  (§  349).'  Within  a  few  weeks  tha 
delivery,  the  uterus  regains  (at  least  in  a  healthy  subject)  its  previous  condition; 
part  of  its  newly-generated  muscular  fibres  seem  to  disappear  altogether,  whilst 
the  others  shrink  to  their  ordinary  dimensions;  and  the  portion  of  its  mucotu 
membrane  which  had  been  thrown  off  as  Decidua,  seems  to  be  reproduced  in  tLe 
course  of  the  second  or  third  month. 

874.  As  to  the  reason  why  the  period  of  Parturition  should  be  just  forty  weeltt 
after  the  occurrence  of  Conception,  we  know  nothing  more  than  we  do  of  that  of 
similar  periodical  phenomena  in  the  history  of  the  life  of  Man  and  of  other  living 
beings;  all  of  which  must  be  considered  as  occasional  manifestations  of  chaogoc 
that  are  cotislantly  in  progress,  whose  rate,  being  dependent  upon  the  degree  of- 
Heat  supplied,  is  so  uniform  in  warm-blooded  animals,  as  to  secure  a  very  cl 
conforoiity  to  a  common  standard.*  There  is  evidence  that  the  occurrence  of  tb^ 
uterine  nutm  may  be  induced  by  a  variety  of  causes,  several  of  which  prubablj 
coucur  in  the  normal  act  of  Parturition.     For,  in  the  first  place,  the  stAte  of 

•  In  aijtlition  to  the  evidence  aboTe  referred-to,  of  the  rapid  occurrence  of  fatty  di 
ration  of  the  uterino  structure  after  parturition,  the  Author  may  mention  tliAt  he  has  bMB 
iiiforincd  by  Dr.  Retzius  (Professor  of  Midwifery  at  Stockholm)  that  he  has  detected  » 
large  number  of  fat-globulea  la  the  urine  of  puerperal  wooien.  Is  it  uot  possible — it  may 
be  further  aeked — that  Bomo  of  the  oleagiuous  matter  so  copiously  poured-fortii  bj  tbe 
Mauimary  jrlauds,  may  be  derired  from  this  source  f  Such  aa  economy  of  nutrient  mate- 
rial would  be  confiiHtent  with  what  wc  elaewhere  meet-witb;  and  the  idea  is  coafomuble 
to  the  fact,  that  the  proportion  of  butyrine  io  tbe  milk  is  much  greater  in  the  earlier,  tlua 
in  the  later  mouths  of  lactation  {|  U2S). 

*  This  may  be  best  illustrated  by  the  analogy  of  a  Leyden  jar  which  is  being  charged  Vy 
the  coniinuoui  action  of  an  Electrical  Machine,  and  which  h  so  arranged  as  to  tiwobarge 
it»elf  apontaneouHly  whenever  the  disturbance  in  its  equilibrium  attains  a  certain  latenoity. 
If  the  movement  of  the  machine  be  uniform,  and  other  oonditlona  remain  the  same,  the  di*> 
charge  will  lake  place  at  regular  intervals. 
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Teloptnent  of  the  muscular  snbftance  of  Uw  Utcfw  i 

siderable  influence  on  this  opcranon.     We 

tatiou  during  the  period  of  pregiuocj,  vitbtwt  vy 

fuDCCional  actiritj ;   it  gradually  be«MB< 

being  far  more  readily  excited  Ln  ii  bj  ( 

tbaD  in  the  earlier  moDths  of  fref^ammtj} 

re&cb  its  acme,  in  virtue  of  the  DatiitiT» 

taking  place  in  it,  and  to  dischar]^  ttadf  m  «W 

Certain  preparatory  changes  are  kaown  to  b»  1 

during  the  last  two  or  three  weeks  ofgettolisa;  ftr  ilB  mfftr  mtt  * 

closely  around  its  contents,  as  if  it  were  hiMi«|i  ilKlf  »  ftr  mt  ahmbi 

tcr ;  whilst  there  is  a  greater  diBposhaaB  to  rriuodiiB  m  it»  hmwr  pvl^ ' 

the  soft  parts  surrounding  the  onfioe  of  tbe  pririv,  •• 

Boends.     It  is  well  known  that  thoe  is  tar  lav 

uteri,  before  this  change  Las  taken  pl^oe;  sotfaift 

rendered  very  difficult  and  tedioos  by  the 

from  the  soft  parts,  notwithstanding  Umt  ito  lader  ■■»  ohHm  it  to 

readily  through   the  pelvic  canal. — ^Tbat  thm 

solely  dependent  upon  the  state  of  derelcfiet  af  tfce  wtw ^  mmm>  fra 

ral  considerations  :  and,  in  the  first  plaoe^  firoto  tbe  ^CfycvMraO  AiCy  to  cms 

of  extra- uterine  foetation,  contractions  iiwiiiiilJiiig  tfcoM  of  hfc— r  tJoe  |ikflB  is  itm 

walls.     Id  fact,  what  may  be  termed  the  matmmtiom  Mt  toodfy  tft  Ae  Uton^ 

but  also  of  its  Eoibryonic  oootentSL, — a  conditifla  anIogMi  to  that  mUA  pnaeAto 

tho  dropping  of  ripe  fruit,  and  which  is  aeqvired  bj  <fce  catoflrtHB  af  toe  4tm^ 

loptxtental  process, — appears  to  have  more  ioftaMo*  ^  itHenitmg  A*  Mitod 

parturient  effort,  than  any  other  caose  wbidi  mm.  hm  M^gaad.    IW  Flatoato  tf 

the  fully -developed  fa^tus,  indeed,  is  aotaevfaat  ia  iIm  aaadttoB  af  Ae ' 

of  a  ripening  fruit ;  tlrnt  is,  having  ittiiBad  ilf  fid!  ffilalaiB  m  IB  ma/B  «#! 

porary  function,  its  connection  tends  to  baao— ditoa 

changes  which  take  place  in  itself,  quite  inigpefltiwij  </ aay '  n  iwii  ■■^■iii* 

This  is  very  strikingly  evinced  by  the  fact,  tW  vbeo  the 

fuetuses,  and  one  of  them  is  expelled, — either  in  vtonmmmmat  of 

lopment  or  of  disease  in  itself,  or  because  it  has  altaiaea  k»  ova  firfTtorai  «i  ^ 

vcKjpment  (as  in  cases  of  superffiotation,  §  878). — tbe  olWr,  if  its  davciiftoeac  al 

this  period  is  far  from  complete,  is  often  retained^aBd  goea-oo  toili  filO  tofto,  Ik 

plaoenta  not  being  detached  in  the  first  parturient  effurt,  beesatoii  «M  aoA  tfkca 

prepared  for  the  separation.     It  is  obvious  that  this  view  affordi  a  nrfetol  nft^ 

nation  of  tbe  occurrenco  of  uterine  action  in  cafes  of  eztrs-vtoriBa  ftetodufe;  ftr. 

if  the  condition  of  the  placenta]  attachnieDt  furnish  its  exciting  ciof,  it  will  4o 

BO  equally,  whether  tbe  placenta  be  attached  to  the  lioiogof  tbe  ntenu,  or  to  tbst 

of  the  Fallopian  tube,  or  to  any  other  organ.     It  ia  an  addiUonal  indifalfeip  iJito 

the  immediate  stimulus  to  the  parturient  effort  of  tbe  utenai,  is  circa  bjrattoC 

cbange  in  the  condition  of  its  fuctal  connections,  that  tbe  tena  of  gcaUlioo  asans 

capable  of  being  prolonged  by  peculiarities  in  tbe  constitutioo  or  rate  of  4«v«lo|^ 

»„i-*i,„  f^t,.„  ™k:..u  —  j.._:..-j  e —  »i  -  _^.i .    *.     ?.       iiscerUios4 

tb«  av4k 
baviog  £000  teas  thaa 
2Hl  days,  and  two-fil'ihs  of  them  having  exceeded  289  days.* 

*  8och  a  change  may  be  easily  verified  in  the  placenta  of  many  of  the  lowtr  aniniaU, 
such  &a  the  Cat,  in  which  the  fteul  aaij  materti&l  portia&a  remftio  tnor*  <liitin«t  from  ettoh 
other,  than  they  do  in  the  Uunuui  female-,  for  tbeee  become  far  i»»r«  eiMily  •ej>arahl«  m 
the  period  of  partnritioo  draws  near,  thnn  they  Kre  at  any  previous  Utuc. 

•  See  Dr.  J.  C.  Hall  ia  "  Medical  Oaxettc,"  May  6.  1842. 
"  The  very  inpcnioos  doctrine  has  been  propounded  by  Dr.  Tyler  Smith  ("  P«.rtnri(i' 

Bod  the  Principles  and  Practice  of  Obatetrirs,"    Amer.  Edit.},  that  the  eicititiK  oar 
partoritioD  ia  to  be  round  in  the  recarreoce  of  the  periodical  exeitemeat  uf  tho  ovaT 
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ST**).  Yarious  BtatoB  of  tbe  constitution,  especially  that  which  is  desi^ated  as 
'  irritability,*  may  induce  tlie  occurrence  of  the  parturient  effort  at  an  earlier 
period  j  and  this  constitutes  Preraftture  Delivery,  or  Abortion,  according  as  the 
child  is,  oris  not,  viable  (§  876).  There  are  some  women  in  whom  this  regularly 
happens  at  a  certain  month,  so  that  it  seems  to  be  an  action  natural  to  them ;  hot 
it  i«  always  to  he  prevented,  if  possible,  being  injurious  alike  to  the  mother  and 
to  the  child;  and  this  prevention  is  to  be  attempted  by  rest  and  tranquillity  of 
mind  and  body,  and  by  a  careful  avoidance  of  all  the  exciting  causes  which  may 
produce  uterine  contn>ctions  by  tbiir  operation  on  the  Nervous  system  (§  872). 
Among  tbe  causes  of  Abortion,  however,  the  death  of  the  fwtus,  or  an  abnormal 
state  of  the  placental  structure,  is  one  of  tbe  moat  common ;  and  thus  we  have 
another  very  distinct  proof  of  the  influence  which  the  state  of  the  cvntcnU  of  the 
uterus  has  on  the  induction  of  the  parturient  effort. 

876.  The  question  of  the  crtrrmc  limitt  of  the  period  of  Gestation,  is  one  of 
great  importance  both  to  the  Practitioner  and  to  the  Medical  Jurist. — In  regard 
to  the  sliortenl  period  at  which  (testation  may  terminate,  consistently  with  the 
>.»i'abifity  of  the  Child,  there  is  still  a  great  degree  of  uncertaiuty.  Most  practi- 
tioners are  of  opinion,  that  it  is  nest  to  impossible  for  a  fwtus  to  live  and  grow 
to  maturity,  which  has  not  nearly  completed  its  seventh  month  j  but  it  is  un- 
quefttionable  that  infants  born  at  a  much  earlier  period,  have  lived  for  some 
inonthN,  or  even  to  adult  age.  It  is  rare  in  such  cases,  however,  that  the  date  of 
conception  can  be  fixed  with  sufficient  precision  to  enable  a  definite  statement  to 
be  given.  Of  the  importance  of  the  que.otion,  a  case  which  some  time  since 
Occurred  in  Scotland  affords  sufficient  proof.  A  vast  amouut  of  contradictory 
evidence  was  adduced  on  (his  trial;  but,,  on  the  general  rule  of  accepting  positive 
in  preference  to  cegative  testimony,  it  seems  that  we  ought  to  consider  it  posdbie 
that  a  child  may  live  for  some  months,  which  has  been  born  at  the  ooncloaioa  of 
24  weeks  of  gestation.  In  the  case  in  question,  the  Presbytery  decided  infavoar 
of  the  legitimacy  of  an  infant  born  alive  within  25  weeks  after  marriage.'  A 
very  iatercatiog  case  is  on  record,*  in  which  the  mother  (who  had  borne  five  chil- 
dren) was  confident  that  her  period  of  gestation  was  less  than  19  weeks;  the 
facts  stated  respecting  the  development  of  the  child  are  necessarily  very  imper- 
fect, as  it  was  important  to  avoid  exposing  his  boJy,  in  order  that  hb  temperature 
might  be  kept-up;  but  three  weeks  after  his  birth,  he  was  only  13  inchea  in 
length,  and  his  weight  was  no  more  than  29  oz.  At  that  time,  according  to  the 
calculation  of  tho  mother,  he  might  be  regarded  as  corresponding  with  an  infant 
of  22  weeks  or  5  months ;  but  the  length  and  weight  were  greater  than  is  usual 
at  that  period,  and  he  must  probably  have  been  born  at  about  the  25lh  week.    It 

jng  liy  reflexion  on  Ibfl  t>t<*ru«  through  the  spinal  system  of  nenres,  the  OTiirinn  nerr«t 
being  the  excitort,  nnct  the  Uterine  the  motors;  this  excitement  contitiuing  durinp  the  en- 
tire period  of  gestation,  aud  giving  a  speoiol  tendency  to  obortion  at  each  return;  and 
acting  witb  such  potency  at  the  eleventh  recurrence,  m  then  to  induce  the  ptirturient 
effort.  Me  ftisigns  no  uUier  cauHe,  however,  why  this  eleventh  recurrence  should  be  to 
[much  more  effectual  than  the  rest,  than  that  by  this  timi?  there  is  a  much  greater  aptitude 
to  cootrnction  in  the  uterus  itsoTf,  and  an  inoreaecd  readiness  to  be  thrown-off  on  the  psirt 
of  the  placenta, — conditions  which  seem  to  the  Author  to  be  in  themselves  ade^^unte  to 
account  lor  the  result.  Dr.  Tyler  Smith's  hypothesis  is  distinctly  negatived  by  the  follow- 
ing facta: — 1.  Tbe  period  of  gestation,  although  commonly  a  multiple  of  the  mennrual  in- 
terval, 18  by  no  means  eontfantly  so;  the  former  often  remaining  normal,  when  th«>  latter 
is  shorter  or  longer  than  usual.  2.  Parturient  efforts  take-place  in  the  uterus,  nolwiib- 
standing  tbe  previous  removal  of  tbe  lower  part  of  tbe  spinal  cord.  8.  The  removal  of  the 
ovaries  in  the  later  part  of  gestation  does  not  interpose  the  least  check  to  the  parturient 
action,  as  Prof.  Simpson  of  Edinburgh  has  experimentally  ascertained. — Th*  Author  con- 
siders himself  fully  justified,  therefore,  in  asserting  that  this  hypothesis  does  not  poasess 
Uie  slightest  claim  to  be  entertained  as  even  a  po»tible  one;  and  would  refer,  for  a  murs 
Jetailed  examination  of  it,  to  the  "  Brit,  and  For.  Med.-Chir.  Review."  vol.  iv,  p.  1. 

•  «•  Report  of  Proceedings  against  the  Rev.  Fergus  Jardine,**  Ediuburgb,  183ti. 

•  <'£dixib.  Mod.  aud  Surg.  Journal,"  vol.  xL 
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interesting  feature  in  this  case,  tbat  the  calorific  power  of  tlie  infaDt  was  bo 
low,  that  artificial  beat  was  conalonlly  needed  to  suataiu  it;  but  tbat  mader  the 
influence  of  heat  of  the  fire  he  evidwntly  hecatne  weaker,  whilst  the  warmth  of  a 
person  in  bed  rendered  him  lively  and  comparatively  strong.  Daring  the  first 
week,  it  was  extremely  difheult  to  get  him  to  swallow ;  and  it  was  nearly  a  mouth 
before  he  could  suck.  At  the  time  of  the  report,  he  was  four  months  old,  and  his 
health  appeared  very  good. — Another  case  of  very  early  viability  has  been  more 
recently  put  on  record  by  Mr.  Dodd :'  in  this,  as  in  the  former  instance,  the  dc- 
teruxiaation  of  the  child's  age  rests  chiefly  on  the  opinion  of  the  mother;  but 
there  appears  do  reason  for  suspecting  any  fallacy.  The  child  aceios  to  have  been 
born  at  the  2Gth  or  27th  week  of  geatation  :  and  having  been  placed  under  judi- 
cious management,  it  baa  thriven  well. — One  of  the  nit»st  satisfactory  cases  oa 
record ,  is  that  detailed  by  Dr.  Outrepont*  (Professor  of  Obstetrics  at  Wurt.'.- 
bnrgh),  and  stated  by  Dr,  Christison  in  big  evidence  on  the  case  firet  alluded-to. 
The  evidence  is  as  complete  as  it  is  possible  to  be  in  any  case  of  the  kind  ;  being 
derived  not  only  from  the  date  assigned  by  the  mother  to  her  conception,  but 
also  from  the  structure  and  history  of  the  child.  The  gestation  could  have  only 
lasted  27  weeks,  and  was  very  probably  less.  The  length  of  the  child  was  13  j- 
iocbee,  and  its  weight  was  24  oz.  Its  development  was  altogether  slow  ;  and  at 
the  age  of  eleven  years,  the  child  seemed  no  more  advanced  in  body  or  mind, 
than  mobt  other  lads  of  seven  years  old.  In  this  liist  point,  there  is  a  very  strik- 
ing correspondence  with  the  results  of  other  observations  upon  premature  chil- 
dren, m-ade  at  an  earliur  age. — A  very  remarkable  case  has  been  since  put  on 
record  by  Dr.  Barker  of  Dumfries,''  in  which  the  child  is  affirmed  to  have  bten 
born  on  the  loSth  day  of  gestation,  or  ia  the  middle  of  the  twenty-third  week 
after  intercourse.  Its  size,  weight,  and  gnide  of  development  were  couformablo 
to  the  asserted  period:  for  it  weighed  only  IG  ok.,  and  measured  11  inches;  it 
had  only  rudimentcry  nails,  and  scarcely  any  hair  except  a  little  of  reddish  coluur 
on  the  back  of  the  head ;  the  eyelids  were  closed,  and  did  not  open  until  the 
second  day  ;  iho  skin  was  shrivelled.  When  born  it  was  wrapped-up  in  a  box 
and  placed  before  the  fire.  The  child  did  not  suck  properly  until  aftt^r  the  lapse 
of  a  mouth,  and  did  not  walk  until  she  was  nincieen  months  old.  Three  yi-ars 
and  a  half  afterwards,  this  child  was  in  a  thriving  state,  and  very  healthy,  but 
of  small  make;  she  then  weighed  29|  lbs. 

877.  A  like  uncertainty  exists  with  regard  to  the  degree  of  protraction  of 
which  the  ordinary  duration  of  Gestation  is  capable. — Many  obstetric  practitioners, 
wbuse  experience  should  give  much  weight  to  their  opinion,  maintain  that  the 
regular  period  of  40  weeks  is  never  extended  by  more  than  two  or  three  days; 
whilst,  on  the  other  hand,  there  are  numerous  cases  on  record,  which,  if  testi- 
mony in  to  be  believed  at  all  (and  in  many  of  these,  the  character  and  circum- 
fltancea  of  the  parties  place  them  above  i^uspicion),  furnish  ample  evidence,  tbat 
Gestation  may  be  prolonged  for  at  least  three  weeks  beyond  the  regular  term.* 
The  English  law  fixes  no  precise  limit  j  and  the  decisions  which  have  been  given 
in  our  courts,  when  questions  of  this  kind  have  been  raised,  have  been  mostly 
formed  upuu  thu  collateral  circumstances.  The  kw  of  France  provides  that  the 
legitimacy  of  a  child  born  within  8UI)  days  after  the  death  or  departure  of  the 
husbaad  shall  not  bo  (jUL-stioucd ;  and  a  child  born  alller  more  than  300  dayN  ia 
not  declared  a  bastard,  but  its  legitimacy  may  he  contested,  ijy  the  Scotch  bw, 
a  child  is  not  declared  a  bastard,  uulesa  bum  after  the  tenth  month  from  the 
death  or  departure  of  the  husband. — Very  important  evidence  on  this  subject  is 
afforded  by  iuvestigatioDB  on  the  lower  animals,  which  are  frea  from  many  sources 

'  '•  Provincial  Medical  and  Surgical,"  vol.  ii.  p.  474. 

*  •'  ilenke's  Zeitschrift,"  band  vi. 

*  "  Medical  Times, "  Sept.  7,  and  Oct.  12,  1850. 

*  A  good  oolleotion  of  such  casos  will  be  fiiund  in  Dr.  Montgomery's  excellent  work  ou 
the  "Signs  of  PregDanc;,"  and  in  Dr.  A.  Taylor's  "  Medical  Jurisprudenoe."    Am.  Edit. 
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'  "Journal  of  the  EDglisb  AgricultuTBl  Society,"  1889. 

*  "American  Journal  of  the  Medical  ScieDces,"  Ootober,  1846. 

*  See  especially  two  cases,  183  and  184,  detailed  by  Dr.  Murphy  in  lu«  "Eepoit  of 
Obstetric  Practice  of  University  College  Hospital"  for  1844;  and  aoother  case  siaoe  ] 
tiehed  by  him  Id  the  "  Medical  Gazette  "  for  1849,  vol.  xivjiL  p.  083. 


the 
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of  fallacy  that  attend  humot  teetimony.  The  obgcrvations  of  Tegsier,  whicli 
were  continued  during  a  period  of  forty  years,  with  every  precaution  against  in- 
accuracy, have  furoisbed  a  body  of  results  which  eeema  quite  decisive.  In  the 
Cow,  the  ordinary  period  of  gestation  is  about  the  same  as  in  the  IluiuanfeinaJe; 
but  out  of  577  iDdividuals,  no  less  than  20  calved  beyond  the  298tb  day,  and  of 
these,  eome  wetit-on  to  the  32l8t,  making  an  excels  of  nearly  six  \reoke,  or  abofuk 
onc^eventh  of  the  entire  period.  Of  447  Mores,  whose  natural  period  of  gestir 
tion  is  about  335  days,  42  foaled  between  the  359th  and  the  419ih  days,  the 

g'eatest  protraction  being  thus  84  days,  or  just  one-fattrth  of  the  usual  tern, 
f  912  Sheep,  whose  natural  period  is  about  151  days,  96  yenned  beyond  the 
153d  day;  and  of  these,  7  went-on  until  the  157th  day,  making  an  excess  of  6 
days.  Of  161  Rabbits,  whose  natural  period  is  about  30  days,  no  fewer  than  25 
littered  between  the  32d  and  the  85th ;  the  greatest  protraction  was  here  ofl^ 
tixtfi  of  the  whole  period,  and  the  proportion  in  which  there  was  a  manifest  pro- 
longation was  also  nearly  one-sixth  of  the  total  number  of  individuals.  In  the 
iocubatioD  of  the  common  Hen,  the  duration  of  which  must  be  entirely  deter- 
mined by  the  rate  of  embryonic  development,  Tessier  found  that  there  was  not 
uii frequently  a  prolongation  to  the  amount  of  three  days,  or  one-fcvcnth  of  the 
whole  period.  —  In  regard  to  Cows,  the  observations  of  Tessier  have  been  coo- 
firmed  by  those  of  Earl  Spencer,  who  has  published '  a  table  of  the  period  of 
gestation  as  observed  in  704  individuals;  he  coEsiders  the  average  period  to  be 
284  or  2^5  days;  but  no  fewer  than  310  calved  after  the  285th  day;  and  of 
these,  8  weut^on  to  the  306th  day,  and  1  to  the  313th.  It  is  curious  that 
among  the  calves  bom  between  the  290tb  and  300th  days,  there  was  a  decided 
prcpt»nderance  of  malesi,  —  these  being  being  74,  to  32  females ;  whilst  all  of 
those  born  after  the  3U0th  day  were  females.  The  additional  series  of  obserra- 
tious  subsequently  made  by  Earl  Spencer,  in  regard  to  the  constant  protraction 
of  the  period  in  75  cowa  in  calf  by  a  particular  bull,  has  been  already  noticed 
(§  874). — Another  scries  of  observations  haa  been  published  by  Mr.  C.  N.  Benieot 
of  Albany,  U.  S.,*  who  has  recorded  the  period  of  gestation  of  62  Cows,  The 
longest  period  was  336  days ;  the  shortest,  213  days.  The  average  period  for 
male  calvea  was  288  days;  and  for  females  282  days.  — On  the  whole  it  may  he 
considered,  that  in  regard  to  the  Human  female,  the  French  law  is  a  very  reason- 
able one;  there  being  quite  sufficient  analogical  evidence  to  support  the  assertiooe 
of  temalcs  of  good  character,  having  do  motive  to  deceive,  which  lead  to  the  coo- 
elusion  that  a  protraction  of  at  least  four  weeks  is  quite  possible,  and  that  a  pro- 
traction of  iiix  weeks  is  scarcely  to  be  denied.' 

878.  There  is  another  question  regarding  the  function  of  the  Female  in  the 
Reproductive  act,  wliich  is  of  great  interest  in  a  scientific  point  of  view,  and 
which  inuy  become  of  importance  in  Juridical  inquiries;  namely,  the  possibility 
of  Supirja:latwn  ;  that  is,  of  two  distinct  conceptions  at  an  interval  of  greater 
or  less  duration  ;  so  that  two  fcetuses  of  different  ages,  the  offspring  perhaps  of 
dirtLTsnt  parents,  may  exist  in  the  uterus  at  the  same  time.  — The  simplest  caea  i 
of  Superldstutioa,  the  frequent  occurrence  of  which  places  it  beyond  reasonah^^| 
doubt,  i»  that  in  which  a  female  has  intercourse  on  the  same  day  with  two  mal<VV 
of  different  complexions,  and  bears  twins  at  the  full  time ;  the  two  infants  resem- 
bling the  two  parents  respectively.  Thus,  in  the  slave-states  of  America,  it  is 
Dot  uneutumoQ  for  a  black  woman  to  bear  at  the  same  time  a  black  and  a  mulatto 
child;  the  former  being  the  offspring  of  her  black  husband,  and  the  latter  of  her 
wliite  paramour.  The  converse  has  occasionally,  though  less  frequently  occurred: 
a  white  woman  bearing  at  the  same  time  a  white  and  a  mulatto  child.     There  is 
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accouDting  tor  sucii  lacts,  wnen  ii  is  retncioberod  tlinl  nothing'  has 
occurred  to  [nivcnt  the  uterus  and  ovarla  from  beinj:  as  roadj  for  the  second  con- 
ception ns  Ibr  the  lirst;  since  the  orifice  of  the  former  is  not  yet  closed  up ;  and, 
at  the  time  when  one  ovum  is  matured  for  fccundution,  there  are  usually  more  in 
nearly  the  same  condition.  —  But  it  ia  not  easy  thus  to  account  for  the  hirth  of 
two  children,  each  apparently  mature,  at  an  interval  of  five  or  six  months ;  since 
it  might  have  been  supposed  that  the  uterus  was  so  completoly  oceupic<i  with  the 
first  ovura,  ss  Dot  to  allow  of  the  transmission  of  the  scmimu  fluid  necessary  for 
the  fecundation  of  the  second.  In  cases  where  two  children  have  been  prmiiicf>d 
at  the  same  time,  one  of  which  was  fully-formed,  whilst  the  other  was  small  and 
eeezningly  premature,  there  is  no  occasion  whatever  to  imagine  that  the  two  were 
eoncexved  at  different  periods;  since  the  smaller  foetus  may  have  been  *  blighted,' 
and  its  development  retarded,  as  not  unfrequently  happens  in  other  oases.  Nor 
is  it  necessary  to  infer  the  occurrence  of  superfcctation  in  every  case,  in  which  a 
living  child  has  been  produced  a  month  or  two  after  the  birth  of  another ;  since  the 
latter  baay  have  been  somewhat  premature,  whilst  the  former  has  been  carried  to 
the  full  terra.  But  such  a  difference  caB  scarcely  be,  at  the  most,  more  than  2}  or 
8  months;  and  there  are  several  cases  now  on  record,  in  which  the  interval  was 
from  110  to  170  days,  whilst  neither  of  the  children  presented  any  indication  of 
being  otherwise  than  mature.' 

879.  Whatever  be  the  precise  nature  and  history  of  the  Fecundating  proeeas, 
there  can  be  no  doubt  that  the  properties  of  the  Germ  depend  upon  conditions, 
both  material  and  dynamical,  and  supplied  by  htjth  Parents.  This  is  most  ob- 
viously shown  by  the  fusion  of  the  characters  of  the  parents,  which  is  exhibited 
by  h^hritii  between  distinct  species  or  strongly-marked  varieties  amonp  the  lower 
ftnimals,  such  as  the  Horse  and  Ass,  the  Lion  and  Tiger,  or  the  various  breeds 
of  Dogs;  or  in  the  offspring  of  parents  belonging  to  two  strongly -contrasted 
Races  of  Men,  such  as  the  European  on  the  one  hand,  and  the  Negro  or  American 
Indian  on  the  other. — It  has  long  been  a  prevulent  idea,  that  certain  parts  of  the 
organism  of  the  offspring  are  derived  from  the  mule,  and  certain  other  parts  from 
the  female  parent;  and  although  no  universal  rule  can  be  laid-down  upon  this 
point,  yet  the  independent  observations  which  have  been  made  by  numerous  prac- 
tical '  breeders  '  of  domestic  animals  (both  mammals  and  birds),  seem  to  establish 
that  such  a  tettdrncj/  has  a  real  existence;  the  characters  of  the  Animal  portion 
of  the  fabric  being  especially  (but  not  exclusively)  derived  from  the  mah  p-irent, 
and  those  of  the  Orj/an/'c  apparatus  being  in  like  manner  derived  from  t]\Q  J\male 
parent.  The  former  will  be  chiefly  manifested  in  the  csteroal  appoarance,  in  the 
ceneral  configuration  of  the  head  and  Hmbs,  in  the  organs  of  the  senses  (includ- 
ing the  skin),  and  in  the  locomotive  apparatus;  whilst  the  latter  show  themselves 
in  the  size  of  the  body  (which  is  primarily  determined  by  the  development  of  the 
viscera  contained  in  the  trunk),  and  in  the  mode  in  which  the  vital  functions  are 
performed.  Thus  the  mrtk,  which  is  the  produce  of  the  male  aae  and  the  mare, 
IB  essentially  a  modij^ed  an,  having  the  general  configuration  of  its  sire  (slightly 
varied  by  equine  peculiarities),  but  having  the  rounder  trunk  and  larger  size  of 
its  dam;  on  the  other  hand,  the  hitnii/,  which  is  the  oflFsprtng  of  the  stallion  and 
the  she-ass,  is  essentially  a  modrjicd  hur^,  having  the  generaJ  oonfigunition  of 
the  horse  (though  with  a  slight  admixture  of  asinine  features),  but  being  a  much 
smaller  animal  than  its  sire,  and  thus  approaching  its  dam  in  »ize,  as  well  as  in 
the  comparative  narrowness  of  its  trunk.  The  influence  of  the  female  on  the 
general  'constitution/ and  especially  on  the  fattening,  milking,  and  breeding 
|ualities  of  the  offspring,  is  asserted  to  be  proved  by  the  history  of  several  races 
af  sheep  and  cattle,  which  have  been  most  distinguished  in  these  respects,^ — Bat 
'  6m  the  Article  '  Superfcctation,'  ia  Dr.  Beck's  "  Elements  of  Medical  JunspradeDcc." 
"See  Walker  "On  Intennftrriagc;"  Orion  on  'The  Phyaiologj'  of  Breeding,'  in  the 
'Newcnstle  Chronicle,"  March  10,  1854;  and  Dr.  Alex.  Harrej  *0n  the  Relative  Influence 
^f  the  Male  aud  Fem&le  Parents  in  the  Keproduction  of  the  Animal  Species,*  io  "  Ediab. 
iJciuthly  Joum.,"  Aug.  1854. 
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however  general  this  rule  maj  proTe  to  be  as  regarda  the  lower  aninuls,  it  b  b? 
DO  mcEDB  universal;  for  instances  are  by  no  means  unfrequent,  in  which  th« 
multiple  progeny  of  one  conception  divide  between  them  the  char«ct«n  of  Um 
parents  in  very  different  modes.  Thus,  in  a  case  in  which  a  Setter  bitch,  htTinj 
been  '  lined  '  by  a  Pointer,  bore  three  pups,  two  of  these  pupa  seemed  enl 
to  resemble  the  father,  appearing  to  be  perfect  Pointers  ia  oonf 
growinp-up  with  the  habits  of  that  race;  whilst  the  third  seemed  eqoalljfon- 
Benible  its  mother,  being  apparently  a  true  Setter  both  in  structure  and  iostinrt. 
Yet  notwithstanding  this  apparent  restriction,  it  subsequently  appeared  that  tbe 
pointer-pups  must  bnve  had  something  of  the  setter  in  their  constitution,  and 
the  setter-pup  something  of  tbe  pointer.  For  one  of  tbe  Pointer-pups  (a 
having  been  matched  at  the  proper  age  with  a  Pointer-bitch  of  pure  bi 
of  the  pupa  borne  by  the  latter  was  a  true  ieilrr^  exactly  resembling  its 
grandmother,  and  another  was  tetter-marked  ;  and  the  Setter-pup  (a  femaiey 
ing  been  lined  by  a  Setter-dog  of  pure  breed,  there  were  among  ite  litter 
two  pointers  resembling  their  maternal  grandfather. — The  same  variety  pi 
itself  to  even  a  greater  degree  in  tbe  Human  species.  For  in  almost  every  Iwte 
family  (and  sometimes  even  where  there  are  no  more  than  two  children  *\  it  vifl 
be  observed  that  tbe  likeness  to  the  f&tbcr  predominates  in  some  of  the  childm, 
and  the  resemblance  to  tbe  mother  in  others.  Still  it  is  rare  to  meet  with  it- 
stances  in  which  sonie  distinctive  traits  of  both  parents  may  not  be  traced  ia  tlic 
offspring;  these  traits  often  showing  themselves  in  peculiarities  of 
gesture,  in  tendencies  of  thought  or  feeling,  in  proneness  to  particular 
tional  disorders,  &c.^  even  where  there  is  no  personal  resemblance,  and 
there  has  been  no  possibility  that  tbese  peculiarities  should  have  been  ^ii 
imitation.  And  even  when  they  are  overborne,  as  it  were,  in  the  imnii 
progeny,  by  the  stronger  influence  derived  from  the  other  side,  they  will  oAa 
reappear  in  a  subsequent  generation  (as  in  the  case  just  cited),  constitutii^  liit 
phenomenon  known  as  Atavism. 

880.  The  influence  of  both  Parents  on  the  constitution  of  the  Offspring  ii 
strikingly  manifested,  not  merely  in  the  admixture  of  their  characters  DorMailj 
displayed  by  the  latter,  but  also  in  the  tendency  to  the  hereditary  troKu 
of  perverted  modes  of  functional  activity  which  may  have  been  habitual  to 
The  diseases  which  are  usually  considered  to  be  most  prone  thus  (o  re*[ 
successive  generations,  are  Scrofula,  Gout,  Syphilis,  and  Insanity ;  bat 
scarcely  be  doubted  that  many  others  might  be  added  to  this  list.'  The  pref*- 
position  may  have  been  congenital  on  the  part  of  the  parents,  or  it  may  bn 
been  ucquired  by  themselves;  and  in  no  case  is  this  more  obvioti.s,  than  intlie 
influence  of  Alcoholic  excesses  on  the  part  of  one  or  both  parents,  in  prudncaf 
Idiocy,  a  predispositioa  to  Insanity,  or  weuknef^s  and  instability  of  Mind,  io  ^ 
children,  this  being  especially  the  case  where  both  parents  have  thus  transgresni 
Thus  out  of  359  Idiots,  the  condition  of  whose  progenitors  could  be  asoertaiiMcl, 
it  was  found  that  no  fewer  than  90  were  the  children  of  absolute  dninkardi; 
and  there  was  reason  to  believe  that  a  large  proportion  of  the  parents  of  there- 
nminder  were  more  or  less  intemperate,  only  about  a  quarter  of  the  whole  nuaib^ 
of  idiots  having  hecn  found  to  be  the  children  of  parents  who  vrere  known  to  be 
temperate.*     And  it  is  perfectly  well  known  to  those  who  are  conversant  vii^ 

'  One  of  the  most  remarkable  cases  of  this  kitid  known  to  the  Author,  is  that  of  t»« 
Sistera,  who  ecem  to  re^temble  each  other  io  no  cue  [loint  of  oonfigurktion  or  nental  cb^ 
racter  ;  but  of  whoni  one  hears  a  most  striking  resemblance,  both  ia  person  and  in  aud. 
to  her  Father;  whilst  the  other  no  less  strikingly  resembles  her  Mother.  The  only  J** 
littfitiea  which  at  nit  indicate  their  rcIatiooBhip,  ore  a  gouty  diatheais  which  they  b<<tiit- 
herit  from  their  father,  and  an  idiosyncracy  in  regard  to  opiam,  of  which  neither  tti^i 
to  lake  even  a  amall  dose  (in  any  form  whatever)  without  violent  Tomiting. 

"See  the  very  interesting  and  8ugge«<tive  Chapter  'Oo  Uereditarj  DiaeaM,*  b  Sr & 
Holland's  "  Medioal  Notes  and  Uefiections." 

'  8eo  Dr.  Howe's  "  Report  on  Idiocy  to  tbe  Legislature  of  Masaachaaetts,**  1M& 
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Insanity,  that  of  all  the  *  predisposinp;  causes'  of  that  disorder,  habita  of  iDteiii- 

?'rance  on  the  part  of  eitlier  or  both  parents  are  among  the  most  frequent. — 
'he  iotcnsificatioii  which  almost  any  kind  of  perveraion  of  Nutrition  derives  from 
being  common  to  Itotk  ptirent*,  is  most  remarkably  evinced  by  the  Inmentuble  re- 
sults which  too  frequently  accrue  from  the  marriage  of  individuals  nearly  related 
lo  each  other,  and  partaking  of  the  eame  *  taint/  Such  results  must  have  fallen 
within  the  knowledge  of  almost  every  one  possessing  an  extended  field  of  obser- 
vation ;  but  they  are  brought-out  with  fearful  vividness  by  the  unerring  teat  of 
properly-callecied  Statistics.  For  out  of  the  359  idiots  just  referred-to,  17  were 
A'noien  to  have  been  the  children  of  parents  nearly  related  by  blood  ;  and  this  rela- 
tionship was  smpectcd  to  have  existed  in  several  other  cases,  in  which  positive 
information  could  not  be  obtained.  On  examining  into  the  history  of  the  17 
families  to  which  these  iudividuals  belonged,  it  was  found  that  they  had  consisted, 
in  all,  of  95  children;  that  of  these,  no  fewer  than  44  were  idiotic,  12  others 
were  scrofulous  and  puny,  1  was  deaf,  and  1  was  a  dwarf.  In  some  of  these 
families,  all  the  children  were  either  idiotic,  or  very  scrofulous  and  puny;  in  one 
family  of  8  children,  5  were  idiotic. '^ — But  it  does  not  seem  requisite  for  the  pro- 
duction of  very  imperfect  offspring  from  the  intermarriage  of  near  relations,  that 
any  decided  'taint'  should  exist  in  the  parents;  for  the  Author's  own  observa- 
tions and  enquiries  lead  him  to  conclude  that  the  same  danger  results,  when  there 
is  any  strong  personal  or  mental  '  idioeyncrocy,' such  as  is  often  seen  jo  run 
through  the  members  (both  male  and  female)  of  a  particular  family,  cau!>ing  them 
to  be  at  once  recognized  as  belonging  to  it,  by  those  who  have  been  familiar  with 
other  members.*  This  liability  probably  does  not  exist  to  nearly  the  same  degree, 
where  the  parents,  although  nearly  related,  differ  widely  in  physical  and  in  psy- 
chical characters,  through  the  predominance  of  elements  which  have  been  intro- 
duced by  i'A<'i>  non-related  parents;  as,  for  example,  when  a  man  who  strongly 
resembles  hia  father  rather  than  his  mother,  marries  the  daughter  of  his  mulfier's 
brother,  who,  on  her  part,  rescinbtes  her  own  mother  rather  than  her  father. 
Hut  the  case  previously  cited  (§  879)  gives  warning  that  even  here  the  *  family 
idiosyncracy  *  may  exist  in  a  powerful  degree,  though  in  a  latent  form,  ai.d  may 
eeriously  affect  the  constitution  of  the  offspring.  It  is  quite  as  common  to  meet 
with  Atavism  in  the  transmission  of  hereditary  disease^  as  in  the  reproduction  of 
•  family  likeness.' 

881.  Attention  has  recently  been  directed  to  a  very  curious  olaaa  of  phenomena, 
which  show  that  wliere  the  mother  has  previously  borne  offspring,  the  influence 
of  itB  father  may  be  impressed  on  her  progeny  afterwards  begotten  by  a  different 
parent;  as  in  the  well-known  case  of  the  transmission  of  Quagga-marks  to  a  sno- 
cession  of  colts,  both  whose  parents  were  of  the  species  Horse,  the  mare  having 
been  once  impregnated  by  a  Quagga  male;'  and  in  the  not  unfrequent  occurrence 
of  a  similar  phenomenon  in  the  Human  species,  as  when  a  widow  who  marries  a 
second  time,  bears  children  strongly  resembling  her  firfit  husband.  Some  of  these 
cases  appear  referable  to  the  strong  mental  impression  left  by  the  first  male  parent 
upon  the  female:  but  there  are  others  which  seem  to  render  it  more  likely,  that 
the  blood  of  the  female  has  imbibed  from  that  of  the  foetus,  through  the  placental 
circulation,  some  of  the  attributes  which  the  latter  has  derived  from  its  male 
parent];  and  that  the  female  may  communicate  these,  with  tbose  proper  to  herself, 

'  See  Dr.  Howc'a  Report,  p.  90.  An  abstract  of  this  Report  il  giren  in  the  **  Amer 
Joorn.  of  Med.  Sci.,"  April,  1849. 

*  A  most  lamcDlable  instance  of  this  kind,  wbich  happened  some  jears  ago,  in  a  family 
well  known  to  the  Aalhor,  was  the  occasJim  of  hia  first  directing  his  atteution  specially  to 
this  p{)int.  Two  first-couisiDB.  possessing  a  atroog  '  fainity  idiosyticrncy,'  but  no  d«?finite 
'  tiiint,'  haTing  married,  four  children  were  bora,  each  of  which  was  distingulHhedl  by  mimt 
tDAflced  deflect  of  organization  or  perversion  of  function;  oue  b«iDg  deaf  and  dumbj  un- 
other  scmrulouM,  &  third  idiotic,  and  the  fourth  epii«piic. 

*  '•Philosophical  Tranaactions,"  1821. 
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to  the  subsequeat  offspring  of  a  different  male  parentage.* — This  idea  is  borne-out 
by  a  great  number  of  important  facts ;  and  it  ^rves  to  explain  the  oiroumatanoe 
well  known  to  practitioners,  that  secondary  syphilis  will  often  appear  in  a  femnle 
during  gestation  or  after  parturition,  who  has  never  bad  primary  symptoojs, 
whilst  the  father  of  the  child  shows  no  recent  syphilitic  disorder.  For  if  hr  have 
communicated  a  syphilitic  taint  to  the  foetus,  the  mother  may  become  inoculated 
with  it  throup;h  her  offspring,  in  the  manner  just  described.  As  this  is  a  point 
of  great  pnictical  imporiance,  it  may  be  hopod  that  those  who  have  the  opportu- 
nity of  bringing  observation  to  hear  upon  it,  will  not  omit  to  do  so. 

882.  There  seems  good  reason  to  believe,  moreover,  that  the  attributes  of  the 
Germ  are  in  great  degree  dependent,  not  merely  upon  the  habitual  conditions  of 
the  Parents  which  have  furnished  its  original  components,  but  even  upon  the 
condition  in  which  those  parents  may  be  at  the  time  of  sexual  congress.  Of  this 
we  have  a  remarkable  proof  in  the  phenomenon  well  known  to  breeders  of  ani- 
maid,  that  a  strong  mental  impression  made  upon  the  female  by  a  particular  male, 
will  give  the  offspring  a  rescmblnnce  to  him,  even  though  she  has  bad  ao  sexaal 
intercourse  with  him,*  a  circumstance  for  which  there  is  no  difficulty  in  ao<;oaDl- 
iQg,  on  the  hypothceiis  already  put-forth  regarding  the  dvnamical  relation  of  Men- 
tal states  to  the  Organic  processes  (Chap.  XV.).  And  there  is  no  improbability, 
therefore,  in  the  idea,  that  the  offspring  of  parents  ordinarily  healthy  and  tem- 
perate, but  begotten  in  a  fit  of  intoxication  on  both  sides,  would  be  likely  to  suffer 
permanently  from  the  abrogation  of  the  reason,  which  they  have  temporarily 
brought  upon  themselves.' — On  the  whole,  then,  we  seem  entitled  to  conclude, 
that  the  attributes  of  the  embryo  will  be  influenced  in  a  most  important  degree  by 
the  entire  condition  (as  relates  both  to  the  organic  and  the  psychical  life)  of  both 
parents  at  the  time  of  the  sexual  congress ;  and  it  is  probably  on  account  of  the 
perpetual  changes  taking-place  in  the  bodily  and  mental  state  of  each  individual  ^ 
(his  condition  at  any  one  time  being  the  general  resultant  of  all  those  cbang^^H 
that  we  almost  constantly  witness  marked  differences  between  children  borO^^H 
successive  intervals,  however  strong  may  be  the  'family  likeness^  among  them; 
whilst  the  reeemblancc  between  twins  is  almost  invariably  much  closer.* 

883,  When  it  is  borne  in  mind,  that  during  the  entire  period  of  gestation,  the 
Embryo  is  deriving  its  nutriment  exclusively  from  the  blood  of  the  Mother,  and 
that  the  condition  of  thia  fluid  in  relation  to  her  own  processes  of  Nutrition  and 
Secretion,  is  subject  to  a  very  marked  intlucncc  from  her  own  mental  states 
(Chap.  XV.),  it  cannot  fairly  be  thought  improbable,  that  the  developmental  pro- 
oessea  of  the  Embryo  should  be  powerfully  affected  by  strong  Emotional  excite- 
ment on  her  part.  Among  the  facta  of  this  case,  there  is,  perhaps,  none  more 
striking  than  that  quoted  by  Dr.  A.  Combe  *  from  Baron  Percy,  as  having  oc- 
curred after  the  siege  of  Landau  in  1793.  In  addition  to  a  violent  oannoDading, 
which  kept  the  women  for  some  time  in  a  constant  atate  of  alarm,  the  arsenal 
blew-up  with  a  terrific  explosion,  which  few  could  hear  with  unshaken  nerves. 
Out  of  92  children  born  in  that  district  within  a  few  months  afterwards,  Baron 
Percy  states  that  10  died  at  the  instant  of  birth;  33  languished  for  from  8  to  10 
months,  and  then  died;  S  became  idiotic,  and  died  before  the  age  of  5  years; 
and  2  came  into  the  world  with  numerous  fractures  of  the  bones  of  the  limbs, 

'  See  an  intereBting  discussion  of  this  question,  by  Dr.  Alex,  n&rrey.  In  the  "Edisb- 
Monthlj  Jounj.,"  Oct.  1840,  and  Oct  and  Nov.,  1850;  and  in  his  pamphlet  "  On  a  El»- 
markable  Effect  of  Cross- Breeding,"  Edinb.,  1861. 

*  See  Harvey,  !oo.  cit. 

■  See  a  cose  of  this  kind  related  by  Mr.  O.  Combe  in  the  *■  PhrenoloBical  Journal,"  v«L 
viii.  p.  471. 

*  Where  twioa  are  very  unlike  one  another,  it  will  u.snri]ly  be  found  that  the  dissimilarity 
la  due  to  the  predominiuice  of  th»  characters  of  tlie  father  in  one,  and  of  those  of  the  ibo- 
^Jier  in  the  other;  as  in  the  OAse  of  the  Pointer  and  Seitar  prerioualy  cited  (|  879). 

*  'On  die  Management  of  Infancy,"  p.  76. 
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'probably  caused  by  irrepilar  uterine  contraotiona.  Here  then  is  a  total  of  59 
children  out  of  92,  or  within  a  trifle  of  2  out  of  every  3,  actually  killed  throujrh 
the  medium  of  the  Mother's  alariOj.  and  the  natural  consequences  upoQ  hor  own 
organizjition;  an  eiperiment  (for  such  it  ie  to  the  Physiologifit)  upon  too  large  a 
scale  fnr  ita  resulta  to  be  set  down  as  mere  'coincidences.' — No  soundly-judping 
Physiologist  of  the  present  day  is  likely  to  fall  into  the  popular  error,  of  suppos- 
ing that  *  marks '  upon  the  Infant  are  to  be  referred  to  some  transient  though 
Btronfj  impression  upon  the  imagination  of  the  Mother ;  but  there  appear  to  be  a 
Btifficient  number  of  facta  on  record,  to  prove  thut  hafjifuaf  montal  conditions  oa 
the  part  of  the  Mother  miy  have  influence  enough ,  at  an  early  period  of  gestation, 
to  produce  evident  bodily  deformity,  or  peculiar  tendencies  of  the  mind  (§  838). 
The  error  of  the  vulgar  notion  on  this  subject,  lies  in  supposing  that  a  sudden /ri</hty 
*/jfr</«7_jry</ry««<7i,  can  exert  such  a  continual  influence  on  the  nutrition  of  the 
tiubryo,  aa  to  occasion  any  piarsonal  peculiarity.'  The  view  here  stated,  is  one 
which  ought  to  have  great  weight,  in  making  manifest  the  importance  of  careful 
management  of  the  health  of  the  Mother,  both  corporeal  and  mental,  during  the 
period  of  pregnancy ;  since  the  ultimate  constitution  of  the  offspring  bo  much 
depends  upon  the  influences  then  operating  upon  its  most  impressible  fttracture. 


4. — Development  of  the  Embryo, 


^^^^84.  The  history  of  the  revolution  of  the  Germ,  from  its  first  appea^nnce  as  a 
^PB^e  cell  l^ing  in  the  midst  of  the  yolk,  to  the  time  when  it  presents  the  form 
and  structure  characteristic  of  its  parent-species,  and  is  capable  of  maintaining  an 
independent  existence, — including  the  details  of  the  progressive  devclupment  of 
each  separate  organ,  from  its  first  appearance  as  an  aggregation  of  simple  cells 
formed  by  the  duplicative  subdivision  of  the  primordial  vesicle,  to  ibat  stage  of 
completeness  in  which  it  is  able  to  bear  a  part  in  the  vital  economy  of  the  new 
being, — and  embracing,  a!so,  the  pucoesaion  of  changes  in  tho  provisions  for  the 
nutrition  of  the  embryo  in  the  successive  phases  of  its  existence,  and  the  adapta- 
tions of  its  general  organization  to  each  respectively, — constitutes  one  of  the  most 
interesting  departments   of  Physiological    Science,  and  one  which  has  of  late 

ie«r8  received  a  peculiar  degree  nf  attention.  It  is  a  branch  of  the  inquiry, 
owever,  which  has,  and  seems  likely  to  have,  loss  prnctkaf  bearing  than  any 
other ;  for  neither  as  regards  the  preservation  of  the  body  in  health,  nor  its  resto- 
ration from  di=ease,  ii  it  ea-sy  to  see  what  direct  benefit  the  moat  exact  knowledge 
of  Embryonic  Development  is  likely  to  aftbrd.  The  chief  subject  on  which  it 
tbrows  light,  is  that  of  Congenital  Malformations  and  Deficiencies;  many  of 
which  are  now  distinctly  traceable  to  arrtst  or  irrajuhrity  of  the  developnientsil 
processes ;  some  of  them,  indeed,  to  ear».«  (§  355).  For  these  reasons,  the  tojiic 
before  us  will  be  pas.«cd-over  much  more  lightly  in  the  present  Treatise,  than  its 
scientific  importance  migbt  seem  to  demand;  and  all  that  will  be  here  attempted 
will  be  a  mere  sketch  of  the  mode  in  which  the  evolution  of  the  germ  takes-place, 
this  being  followed  in  the  first  instance  as  a  whole,  whilst  its  principal  organs  will 
be  afterwards  seprately  considered  aa  they  successively  present  themselves. — 
This  sketch,  however,  will  serve  to  convey  an  idea  of  the  nature  of  the  process, 
and  to  illustrate  its  conformity  in  Man  to  that  great  Jaw  of  progress  from  ihs 

t'  For  Bome  valu&bte  observations  on  this  sabject,  see  Montgomery  "  On  the  Signs  of 
Pregnancy." — Numerous  casoa  were  recorded  a  few  years  Bince  (especially  in  the  "  Lan- 
cet" and  "  Provincial  Medical  Journal  "),  in  which,  malformationa  in  the  Infant  appeared 
diatiuctly  traceable  to  strong  impre$!<ions  made  on  the  miiid  of  the  Mother  some  monihs 
previonaly  to  parturition  ;  these  Lm precisions  having  been  persistent  during  the  remaining 
period  of  pregnancy,  and  giviog-rise  to  a  full  expectation  on  the  part  of  the  Mother,  that 
the  child  would  be  affected  in  the  particular  manner  which  actually  oacurred.  Of  <<nc 
very  ■triking  case  of  this  kind,  the  Author  ia  persontUly  cogniz&Qt,  it  having  ocourred  in 
the  family  of  a  near  conneuiion  of  his  own. 
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*)eneral  to  th*  itprnol,  which  is  equally  manifested  in  the  development  of  eTcry 
other  or^'Biiizcd  being.     (See  Princ.  of  Comp.  Puys.,  Am.  Edit.  Chap,  i.) 

885.  When  we  first  discern  the  primordial  eel)  which  is  to  evolve  itself  into 
tbe  Human  organism,  we  ean  trace  nothing  that  essentiBlly  di8tin<rai8hes  it  from 
that  which  miglil  give  oripin  to  any  other  form  of  organic  structure,  either  Vege- 
tJible  or  Animal  J  its  condition,  in  fact,  being  permanently  represented  by  ibe 
hiHiiblest  singlc-ceUed  Plants  and  Animals.     The  earliest  ptnges  of  its  develop- 
ment consista  in  simple  multiplication  by 'duplicative  subdivision  '  (PaiNC.  OF 
Gen.  Phys.),  bo  that  a  vnnan  of  cells  comes  to  be  produced,  amidst  the  Rerer*! 
components  of  which  no  difference  can  be  traced  j  and  this  also  Onds?  its  parallel 
among  the  simpler  organisms  of  both  kingdoms.     Soon,  however,  thi.s  homoffft- 
neoui  condition  gives  rise  to  a  heterogeneoui  one ;  the  further  changes  which  dif- 
ferent parts  of  this  mass  undergo,  not  being  of  the  same  uniform  character,  so 
that  a  marking-out  of  on/ana,  or  instrumental  parts  adapted  for  different  purposes 
in  the  economy,  comes  to  be  discernible.     The  organs,  however,  whose  distinct- 
ness first  becomes  apparent,  are  not  (for  the  most  part)  those  which  we  trace  in 
the  completed  structure,  but  have  a  merely  temporary  character;  being  evolved 
cither  as  a  sort  of  scaffolding  or  frame-work  for  ihe  building-up  of  the  more  per- 
manent parts,  or  with  a  view  to  the  nutrition  of  the  embryo  during  the  evolutioo 
of  these.     Although  the  firet  indications  of  heterogeneousness  in  the  germinal 
roaas  are  of  nearly  the  same  kind  in  all  animals. — consisting  in  the  formation  of 
a  blastoJermic  mentbrane  (composed,  however,  of  nothing  else  than  layers  of  cells) 
I  tipon  its  exterior,  which  serve  as  a  sort  of  temporary  stomach,  whilst  &  large  part 
of  the  included  mass  undergoes  liquefaction,  and  serves  as  the  nutrient  material 
for  the  tissues  which  are  to  be  evolved  from  it, — ^yet  indications  are  very  speedily 
mflnifosted,  of  the  primary  division  of  the  Animal  Kingdom  of  which  the  new 
being  is  a  member;  thus,  in  the  case  of  the  ElumaQ  embryo,  as  of  that  of  all 
Verlebrated  animals,  the  first  outltoe  of  the  permanent  organization  is  shown  in 
the  'primitive  trace'  which  marks-out  the  line  of  the  vertebral  column  (Plate  II., 
Fig.  11);  and  in  this  we  very  soon  discern  the  foundations  of  the  separate  ver- 
ttbrsD  (Fig.  12,  c).     But  there  is  nothing  at  this  period  to  distinguish  the  gcnn 
of  Man  from  that  of  any  other  Vertebrated  animal,  this  early  part  of  the  develop- 
mental process  being  carried-on  upon  the  same  plan  in  every  member  of  that  snh- 
kingdom ;  and  it  is  not  until  wo  meet  with  indications  of  one  of  the  plans  which 
are  peculiar  to  the  respective  classes  of  that  sub-kingdom,  that  we  can  discover 
whether  the  germ  in  course  of  evolution  is  to  become  a  Mammal,  Bird,  Keptile, 
or  Fish.    So,  even  when  it  has  been  recognized  as  belonging  to  the  Mammalian  class, 
there  is  at  first  nothing  to  distinguish  it  from  that  of  any  other  Mammal ;  and  it 
it*  only  with  the  advance  of  the  developmental  process,  that  indications  succes- 
sively present  themselves,  which  enable  us  to  distinguish,  one  after  another,  the 
clirirncters  of  the  order,  the  family,  the  genus,  the  species,  the  variety,  the  MZ, 
and  the  individual, — (he  more  special  featurft  progretsxvtii/  fvolvitig  themwivn 
viit  of  the  more  general,  which  is  the  expression  of  the  law  of  development  com- 
Dum  to  all  Organized  beings.     (See  Princ.  or  Comp.  Phys.,  Am.  Edit.Ch.  xv.) 
886.  With  this  progressive  alteration  in  the  condition  of  the  embryo  itself,  a 
very  Tomarkable  series  of  alterations  is  proceeding,  pari  passu ,  in  the  mode  io 
which  it  is  supplied  with  nutrient  materia],  and  in  the  provisions  for  the  aeration 
of  its  circulating  fluid.  —  The  first  evolution  of  the  germ  takes-place  entirely  at 
the  expense  of  the  ^nlk^  of  which,  however,  the  store  contained  in  the  Mamma- 
lian ovum  is  very  small.     Tho  whole  of  this  is  very  speedily  incorporated  in  the 
substance  of  the  germ,  by  the  peculiar  process  to  be  presently  described ;  and 
there  is  no  residual  store  of  *  food-yolk,'  such  as  that  which,  in  the  Bird,  serves 
'or  the  nutrition  of  the  embryo  during  the  whole  remainder  of  the  developmental 
process,  by  being  gradually  absorbed  into  the  substanoe  of  the  blastodertuic  mem- 
brane, and  there  converted  into  blood.     The  Mammalian   ovum,  however,  fnom 
♦  he  time  it  reaches  the  Uterus,  is  furnished  with  a  new  supply  of  nounsbment. 
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in  the  fluid  secreted  bj  the  Decidual  membrane  (§  863) ;  and  for  the  absorption 
of  this,  it  is  purticularlj  uduptcd  by  the  villtisities  which  develops  theui^lfeH 
from  its  own  external  envelope.  These,  at  first  entirely  destitute  of  blood-vessels, 
are  subsequentlj  penetrated  at  a  certain  part  of  the  surface,  by  the  fcetul  capil- 
laries brought  to  them  by  an  organ,  the  AUanloUf  which  is  developed  iu  Birdn  as 
the  temporary  instrument  of  riepiration  j  and  thus  is  origiuated  theyceru/ portioa 
of  tbe  Phiceuta,  of  whoae  formation  an  account  will  be  presently  given  (§  893), 
From  the  time  that  this  organ  ia  completed,  up  to  the  birth  of  the  Infant,  the 
embryo  drawa  its  nutrient  materials  direct  from  the  maternal  blood,  though  nut 
receiving  that  blood  as  such  into  its  own  orpanisra ;  and  it  is  through  the  eaiue 
medium  that  the  aeration  of  its  own  blood  is  effected,  its  pulmonary  apparatus 
being  as  yet  inoperative.  Its  circulating  eysteur,  arranged  in  accordance  witli 
these  requirements,  presents  many  peculiarities  which  mark  its  ftetal  character; 
and  the  alteration  in  the  course  of  tbe  blood,  which  takes-place  as  soon  as  tbe 
rcBpiratory  organs  come  into  play,  constitutes  the  essential  differeuce  between 
intra-uterine  and  extra-uterine  life.  If.  as  sometimes  happeuH,  the  lungs  of  the 
new-born  infant  expand  but  imperfectly  or  scarcely  at  all,  the  circulation  con- 
tinues to  be  carried-on,  iu  a  greater  or  less  degree,  upon  its  tntru-uterine  plan; 
and  this,  when  the  placenta  is  no  longer  capable  of  sapplying  tbe  needed  aeration, 
is  incompatible  with  the  persistence  of  life. 

887.  Our  knowledge  of  the  first  stages  of  the  developmental  process  in  the 
Mammalian  ovum,  is  in  many  respecta  incomplete ;  and  it  is  requisite  to  inter- 
pret what  has  been  obscurely  seen  in  tbe  ova  of  this  class,  by  the  clearer  views 
derived  from  observation  of  those  of  the  lower  animals.'  —  As  already  stated 
(§  801),  the  germinal  vesicle  disappears  at  or  about  the  time  of  fecundation  ;  but 
its  disappearance  is  not  a  result  of  fecundation,  since  it  also  takes-place  in  the 
unimprfgnatcd  egg,  in  consequence  (it  may  be  presumed)  of  the  completion  of 

H  Cleaving  of  the  jo\k  after  feoundatlon  :  A,  B,  c  (from  Ktilliker),  Oram  of  A«carig  cijs^roT*- 

H  noM;  D  and  e,  tbat  of  Ascaris  acumlualH  (from  Ro^ge).] 

its  term  of  life,  and  of  those  operations  which  it  was  developed  to  perform.  Its 
place  is  seen  to  be  occupied,  at  an  early  period  after  fecundation,  by  a  new  and 
peculiar  cell,  the  origin  of  which  is  obscure,  but  the  desliiiufion  of  which  is  most 
important;  for  it  is  oy  the  '  duplicative  subdiviston  of  this  cell,  first  into  2,  then 
into  4,  then  into  8,  and  so  on,  and  by  the  mettimorphoses  which  it-s  progeny  un- 
dergo, that  the  whole  embryonic  fabric  is  gradually  evolved.  TIenco  this  cell 
may  be  termed  the  emhn/o-^rll.^  At  the  same  time,  a  peculiar  change  bcgina  U* 
take  place  in  the  yolk,  the  whole  sphere  of  which  ia  first  marked-out  by  a  furrow 

•  The  researcheB  of  KolHker  ("  Mfillcr's  Archiv.,"  18-18,  p.  68)  and  Dagge  ("  Do  Bvolut 
Rtrongyli  et  Ascarid.,  Diss.  Inaup,"  1S41)  on  the  orn  of  Entoioa, — those  of  Mr.  Newport 
("  Pliilofl.  Transact,"  IHGl)  on  the  orn  of  Batrachia, — nnd  those  of  Bischoif  (■'  EntwicUe- 
lungBgescbJcbte  dcs  Hunde-eies,"  1846)  on  the  ova  of  the  Bitch, —  or«  acaoTig  the  most 
valuable  which  w«  at  present  poBsess. 

•The  embryo-cell  has  not  yet  been  clearly  mado-oiit  in  the  Mnmrnalmn  OTum ;  bat 
from  the  conformity  of  the  SQbsequeut  appearances  to  those  which  are  seen  in  the  ovti  of 
the  lower  aninjals,  there  is  every  n-osoii  to  heliere  that  the  formation  of  either  n  oomiileif 
c<-ll,  i'T  «if  Ik  nucleus  having  the  same  essential  endowments,  i»  a  preliminary  to  the  oloav 
ftge  of  Ihe  yolk. 
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into  two  hemispheres,  and  La  at  l&st  completely  divided  bj  the  extension  of  thn 
fissiuQ  to  the  centre;  each  half  is  again  furrowed  and  then  clefk  in  the 
manner,  and  tbuij  the  entire  jolk  is  broken  up  into  a  mass  of  segments  (FigJ 
219).     Tliis  '  Begoientation '  takes  ^lace  j)ari  pa isu  with  the  muJtiplicatioo  of  T 


O 


FrogrenlTO  atnges  in  the  Segmentation  o/  the  Talk  of  the  MammkliAn  OTum : — a.  ita 
fint  divUlon  into  two  balrei ;  d,  •T>bdiri&ioD  of  each  h&lf  isto  two ;  c,  further  aubdiriflion, 
produciDg  numer«(M  ■egment*. 

embrjo-oclls,  each  of  which  is  enrrouoded  by  a  distinot  portion  of  the  yolk;  and 
there  seeraa  every  probability  that  it  is  determined  by  that  multiplication,  and 
that  each  cell  of  the  pair  that  is  formed  by  the  duplicative  subdivision  of  its 
predecessor,  dniws  around  itself  its  proper  share  of  the  nutritive  material.  — 
These  changes  take-place  in  the  Mammalian  Ovum,  during  its  transit  along  the 
Fallopian  tube  to  the  uterus ;  so  that,  by  the  time  of  its  arrival  there,  the  whole 
cavity  of  the  Zona  peUxicida  is  occupied  by  minute  spherules  of  yolk,  each  coii- 
tainiup  a  transparent  vesicle,'  the  ag^jrcfjatiou  of  which  gives  it  a  mulberry-like 
aspect  (Fig.  220,  a)j  and  by  a  coutinuance  of  the  same  process  of  subdivision, 

Ft*.  »0. 
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Later  itage  !d  the  S«$mtntation  of  %h«  Toli  of  the  Mammaliui  Omm : — nt  a  Li  ihown 
the  'mulberry  mus'  formed  by  the  minute  labdivieiun  of  the  ritelline  ipberes;  at  b,  » 
fiirtfaer  increase  hu  brought  iUi  lurfooe  into  eootact  with  the  Tilelline  membraiie,  agiinit 
wLieb  the  fpherales  ve  flatteood. 

the  component  sejSTOenta  becoming  more  and  more  minute,  the  mass  comes  to 
present  a  finely-granular  aspect  (b). 

88S.  At  this  stnpc,  it  does  not  appear  that  the  several  segroenta  of  the  yolk 
have  a  distinct  enveloping  merabraoe ;  but  an  envelope  is  now  formed  around 
fuch  of  them,  converting  it  into  a  cell,  of  which  the  included  vesicle  ccnstitutn 
the  nucleus,  and  of  which  the  portion  of  the  yolk  surrounding  this  forms  the 

'  It  is  bj  no  means  certain  that  this  vehicle  ia  a  true  oeli  in  the  MammAlian  ovum  (at 
It  Be«ni8  clcfirlr  to  be  Iti  the  orutn  of  many  of  the  Jower  nnimals^,  its  appearwic^.  when 
liberated  from  the  jrolk-gronulea  which  surround  it,  being  rattier  that  of  a  fat,  or  oil- 
^lobole. 
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ttitiUstiia.  This  happpn.s  first  to  the  pcnphcntl  portions  of  the  mass;  and  as  its 
eelU  are  fully  developp<J,  tbey  arrange  themselves  at  the  surface  of  the  yolk  into 
a  kind  of  membrane,  uiui  at  the  earue  time  assume  a  pentagonal  or  heaai^ooal 
shape  from  mutual  preesare,  so  as  to  resemble  pavement-opithelium  (Flute  I., 
Fig.  5).  As  the  globular  masses  of  the  interior  are  gradually  converted  into 
cells,  they  also  pass  to  the  surface  and  accumulate  there,  thus  increasing  the 
thickness  of  the  membrane  already  formed  by  the  more  superficial  layer  of  cellu, 
while  the  central  part  of  the  ninfis  remains  occupied  only  by  a  clear  fiuid.  By  this 
means  the  exterior  of  tlie  yolk  is  speedily  converted  into  a  kind  of  secondary 
vesicle,  sitaat^'d  within  the  Zona  pellucida,  and  named  by  IJischoff  the  blaalotler- 
mic  veiide.  Thia  vesicle,  very  soon  after  its  formation,  presents  at  one  point  an 
opaque,  roundish  spot  (Plate  I.,  Fig.  6),  which  is  produced  by  an  accumulation 
of  cells  and  nuclei  of  less  transparency  than  elsewhere ;  this  is  termed  the  area 
gerininativa.  The  wall  of  the  vesicle,  which  is  termed  the  germinal  membrane, 
increases  in  extent  and  thickness,  by  the  formation  of  new  cells  (whose  mode  of 
production  has  not  been  clearly  made-out) ;  and  it  subdivides  into  two  layers 
(Plate  I.,  Fig.  7),  which,  although  both  at  first  composed  of  cells,  soon  present 
distinctive  characters,  and  are  concerned  in  very  different  ulterior  operatioDS, 
The  outer  one  of  these  is  commonly  known  as  the  serout  layer  (Fig.  8);  but 
being  the  one  in  whose  substance  the  foundation  is  laid  for  the  vertebral  column 
and  the  nervous  system,  it  is  sometimes  called  the  animat  layer.  The  inner  one 
is  usually  known  aa  the  fnttmug  layer  (Fig.  9);  and  being  the  one  chiefly  con- 
cerned in  the  formation  of  the  nutritive  apparatus,  it  is  sometimes  called  the 
veyctative  layer.  This  division  is  at  first  most  evident  in  the  neighbourhood  of 
the  area  germinativa;  but  it  soon  extends  from  this  pointy  and  implicates  nearly 
the  whole  of  the  germinal  membrane. 

889.  The  Area  Germinativa  at  its  first  appearance  has  a  rounded  form;  but 
it  soon  loses  this,  first  becoming  oval,  and  then  pear-ftbaped  (Plate  IL,  Fig.  11). 
While  this  change  is  taking-place  in  it,  there  gradually  appears  in  its  centre  a 
clear  space,  termed  the  ana  pelhicitfa  («)/  and  this  is  bounded  externally  by  a 
more  opaque  circle  (whose  opacity  is  due  to  the  greater  accumulation  of  cells  and 
nuclei  in  that  part  than  in  the  area  pellucida),  which  subsequently  becomes  the 
area  vaacu/oaa.  In  the  formation  of  these  two  spaces,  both  the  serous  and  tho 
mucous  layers  of  the  germinal  membrane  seem  to  take  their  share ;  but  the  foun- 
dation of  the  embryonic  structure,  known  as  the  primitive  trace,  is  laid  in  the 
serous  lamina  only  (Fig.  221).  This  consists  in  a  shallow  groove  (c),  lying  between 
two  masses  (6),  known  as  the  laminse  dortales,  whose  form  changes  with  that  of 
the  area  peilueida,  being  at  first  ovul,  then  pyriform,  and  at  last  becoming  guitar- 
shaped;  they  also  ri»e  more  and  more  from  the  surface  of  the  area  peilueida,  so  as 
to  form  two  ridges  of  higher  elevation,  with  a  deeper  groove  between  them  ;  and  the 
summits  of  these  ridgea  tend  to  approach  each  other,  and  gradually  unite,  so  as 
to  convert  the  groove  into  a  tube.  At  the  same  time,  the  anterior  portion  of  the 
groove  dilates  into  three  recesses  or  vesicles  (Plate  II.,  Fig.  12,  i),  which  indi- 
cate the  position  of  the  three  principal  divisions  of  the  Encephalon,  afterwards 
to  be  developed  as  the  prfmcnfephafuftf  the  meseitcephalon  and  the  epfiHtpknion 
(§  909).  The  most  intenml  piirt^  of  these  lam i nee,  bounding  the  bottom  and 
sides  of  the  groove,  appear  to  furnish  the  rudiments  of  the  nervous  centres  which 
this  cranio- vertebra  I  canal  is  to  contain  ;  whibt  the  outer  parts  are  developed  into 
the  rudiments  of  the  vertebral  column  and  cranium.  £]ven  before  the  laminao 
dorsales  have  cloeed  over  the  primitive  groove,  a  few  square-shaped  and  at  first 
indistinct  plates  (r),  which  are  the  rudiments  of  vertebras,  begin  to  appear  at 
about  the  middle  of  each.  The  position  of  the  bodies  of  the  vertcbrse  is  indi- 
cated at  this  period,  in  the  embryoea  of  Birds  and  Fishes,  by  a  distinct  cylin- 
drical rod  of  nucleated  cells,  termed  the  chorda  dortalis;  and  this  retuing  its 
embryonic  type  in  the  Myxinoid  Fishes  (§  90t>).  While  this  i»  going-on.  an  ac- 
uamulatiuu  of  cells  takcti-place  between  the  two  lamiuic  of  the  germinal  mcQi- 
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bniTie  at  the  *  area  vafculosa ;'  and  these  cella  speedily  form  themselves  into  n. 
distinct  layer,  the  vmicviar  lamina,  in  T?hJch  the  first  blood-vessels  of  the  embr 
are  developed,  as  will  be  presently  described  (§  890).     From  the  dorsal  lamit 
OQ  either  side,  a  prolongation  passes  outwards  and  then  downwards,  fonnioi^ 
what  is  known  as  the  ventral  lamina;  iu  this  are  developed  the  ribs  and  thi 
transverse  processes  of  the  vertebrae;  and  the  two  have  the  same  tendency  to 
meet  on  the  median  line,  and  thus  to  elosc-in  the  abdonjinal  cavity  which  tt 
dorsal  lamina;  have  to  enclose  the  spinttl  cord.     At  the  sauie  time,  the  layers 
the  germinal   membrane  which  lie   beyond   the  extremities  of  the  embryo, 
Iblded-in^  so  as  to  make  a  depression  on  the  yolk;  and  their  folded  margins 
dually  approach  one  another  under  the  abdnmcn.     The  first  rudiment  of  the  Ii 
testinal  caual  presents  irself  as  a  channel  along  the  under  surface  of  the  embryo 
nio  mass,  formed  by  the  rising-up  of  the  inner  layer  of  the  germinal  membrac 
into  a  ridge  on  cither  side.     The  two  ridges  gradually  arch-over  and  meet,  so 
to  form  a  tube,  which  is  thus  (so  to  speak)  pincbed-ofF  from  the  general  vitelline 
sac ;  and  it  remains  in  connection  with  this,  by  means  of  an  unclosed  portioa^ 
which  constitutes  the  'vitelline  duct*  (Figs.  223,  224,  228). 

K90.  Whilst  these  new  structurcB  are  being  produced,  a  very  remarkable  changal 
is  tuking-plaoe  in  thai  part  of  the  serous  lamina  which  surrounds  the  area  pello-l 
cida.     This  risea-up  on  either  side  in  two  folds  (Fig.  221,  </,  e)  ;  and  these  gn*-'' 
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Fijt.  221.— Plan  of  crtIj  Ularime  Ov\tm,  Within  the  extent&I  ring,  or  boo»  p«llQeid«,  ire 
the  aeroQA  tninina,  a  ;  the^alk,  h;  and  the  inoijiii'iit  enbrjo,  e. 

Fig.  232. — Diagram  of  Ornm  at  the  oammeneement  of  the  formation  of  the  Ammon.  :—at 
ehorion ;  b,  yolk-sao;  c,  embryo,'  d^  and  e,  folda  of  the  leroug  layer  ruing-up  to  fono  the 
amnion. 

dually  approach  one  another  (Fig.  223),  at  last  meeting  in  the  space  between  the 
general  envelope  and  the  embryo,  and  thus  affording  an  additional  investment  to 
the  latter  (Fig.  224).  As  each  fold  contains  two  layers  of  membrane,  the  in- 
vestment thus  formed  is  double;  of  this,  the  outer  lamina  adheres  to  the  general 
envelope  ;  whilst  the  inner  remains  as  a  distinct  sac,  to  which  the  name  of  Am- 
nion is  given.  This  tnkes-place  during  the  third  day  in  the  Chick;  the  date  at 
which  it  occurs  in  the  Human  ovum  is  difficult  to  be  ascertained,  owing  to  the 
small  number  of  normal  specimens  which  have  come  under  observation  at  a  suffi- 
ciently early  stage. — During  the  same  period,  a  very  important  provision  for  the 
future  support  of  the  embryo  begins  to  be  made,  by  the  development  of  Blood- 
vessels and  the  formation  of  Blood.  Hit herto,  the  embryonic  structure  has  been 
nourished  by  direct  absorption  of  the  alimentary  materials  supplied  to  it  by  the 
Tolk;  but  its  increasing  size,  and  the  necessity  for  a  more  free  commonicatinn 
between  its  parte  than  any  structure  consisting  of  cells  alone  can  permit,  call  for 
the  development  of  vessels  through  which  the  nutritious  fluid  may  be  convevfd. 
These  vessels  are  first  seen  in  that  part  of  the  Vascular  lamina  of  the  germinal 
membrane,  which  immediately  surrounds  the  embryo  ;  and  they  form  a  nelwurk, 
bounded  by  a  circular  channel,  which  is  known  under  the  name  of  the  V/i^^Jor 
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Area  fPlate  IT,  Fig',  13).  This  gradually  extends  itself,  until  the  vcssols  spread 
over  tne  whole  of  the  membrane  that  footains  the  yolk.  The  first  blood-discs 
appear  to  be  formed  from  certain  cells  which  are  aet-frce  by  the  liquefaction  of 
othors  around  them  to  form  the  vesBels  (§  167) ;  and  from  the^e,  the  subsequent 
blood-discfl  of  the  first  series  are  probably  generated.  This  network  of  blood-vea- 
boIb  aerves  the  purposes  of  absorbing  the  nutritious  matter  of  the  yolk,  and  of 
conveying  it  towards  the  embryonic  stmctures  which  are  now  in  process  of  rapid 
develnpment.  The  first  movement  of  the  fluid  is  tmt>ards  the  embryo;  and  this 
can  be  witnessed  before  any  distinct  heart  is  evolved.  The  same  process  of  ab- 
sorption from  the  yolk,  and  of  conversion  into  blood,  probably  continues  as  long 
as  there  is  any  alimcntai-y  material  lefL  in  the  sac. 

891.  The  Yolk-sao  is  entirety  separated  in  the  Mammalia,  by  a  constriction  of 
the  portioo  which  is  continuous  with  the  abdomen  of  the  embryo  (Fig.  324,  h) ; 
and  it  is  known  from  that  time  under  the  name  of  the  UmUficai  Vetid^  (Plate 
I,  Fig.  10,  t).  The  communication,  however,  remains  open  for  a  lime  through 
the  'vitelline  duct;'  and  even  after  this  has  been  cut-off,  the  trunks  which  con- 
nect the  circulating  system  of  the  embryo  with  that  of  the  vascular  area  are  dis- 
cernible j  these  are  called  Ompkalo- Mesenteric,  Meteraic,  or  Vitelime  vessels 
(Figs.  224,  225,  <i,  r).  It  was  formerly  believed  that  the  nutrient  matter  of  the 
yolk  passes  directly  through  the  vitelline  duct,  into  the  (future)  digestive  cavity 
of  the  embryo,  and  is  from  it  absorbed  into  ite  structure ;  but  there  can  now  be 
little  doubt,  that  the  vitelline  vessels  are  the  real  agents  of  its  absorption,  and 
that  they  convey  it  through  the  general  circulating  system,  to  the  tissues  in  pro- 
cess of  formation.  They  correspond,  in  fact,  to  the  Mesenteric  veins  of  Inverte- 
brated  animals,  which  are  the  sole  agents  in  the  absorption  of  nutriment  from 
their  digestive  caviti^  (Princ.  op  Comp.  Phys.,  Am.  Ed.,  Chap,  iv.);  and  the 
blastodermic  vesicle  is  to  be  regarded  as  the  temporary  sfomach  of  the  embryo,-^ 
ramaining  as  the  permanent  stomach  in  the  Radiated  tribes.' 

892.  The  formation  of  the  Hearty  which  is  the  first  of  the  permanent  organs 
of  the  Embryo  that  comefi  into  functional  activity,  takes-place  in  the  substance  of 
the  vascular  layer,  beneath  the  upper  part  of  the  spinal  column.  Its  first  rudi- 
ment consista  of  an  aggregation  of  cells,  of  which  the  interior  break-down  to  form 
its  cavity,  whilst  the  outer  remain  to  constitute  its  walls.  For  a  long  time  after 
it  has  distinctly  commenced  pulsating,  and  is  obviously  exerting  a  contractile  force, 
its  walb  obviously  retain  the  cellular  character,  and  only  become  muscular  by  a  pro- 
gressive histological  transformation  (Prino.  of  Gen.  Phys.,  Am.  Ed.).  The  first 
appearance  of  the  Heart  in  the  Chick  is  at  about  the  27th  hour;  the  time  of  its 
formation  in  Mammalia  has  not  been  distinctly  ascertained.  In  its  earliest  form, 
it  has  the  same  simple  character  which  is  presented  by  the  central  impelling 
cavity  of  the  lower  Invertebrata;  being  a  mere  prolonged  canal,  which  at  its  pos- 
terior extremity  receives  the  veins,  and  at  its  anterior  sends- forth  the  arteries. 
After  a  short  time,  however,  it  becomes  bent  upon  itself  (Plate  11,  Fig.  13,  c/); 
and  it  is  soon  subdivided  into  three  cavitiea,  which  exist  io  all  Vertebrata,  viz., 

'  Prerioualj  to  the  ninth  daj  of  incubntion  (in  the  Fowl's  egg),  a  eeries  of  folds  %rf> 
formed  by  the  liaing membrane  of  the  jolk-bjtg,  wbich  project  into  itacKvity;  th%8e  become 
graduall;  deeper  fuid  more  crowded,  *8  ihe  bag  dittiiniahes  ia  size  b;  (be  absorption  of  ita 
contents.  Tbe  vitelline  Teasels  (hat  ramifj  upon  the  yolk-bag,  send  ioto  these  folds  (or 
valTulis  coDDiTentes)  a  aeries  of  JDoscuIaCing  loops,  whioh  immeDsely  increase  the  extent 
of  this  absorbing  nppnraliis.  fiul  Ihcse  minute  veasela  are  not  in  immediate  oontaot  with 
tbe  jollt ;  for  there  interyencB  between  them  (as  waa  first  Doticed  by  Mr.  Dalrymple)  a 
laver  of  nucleated  oells,  which  is  eni<i\y  washed  awaj.  (See  Dr.  Ilaly'a  Translation  of 
"Miiller's  Pbysiology,"  pp.  1557-1559),  It  was  from  the  colour  of  these,  com muiiica ted 
tu  the  ves»el»  betieatti,  that  llaller  termed  the  latter  vata  luUa ;  when  the  layer  is  remoTed, 
the  Tessels  present  their  asu&l  colour.  There  seems  good  reason  to  believe  that  these 
cells,  like  those  of  the  InteHtinsl  Villi  in  the  adult  ({  121 ),  are  the  real  agents  in  the  pro- 
cess of  absorbing  and  assimilatiDg  the  nutritive  matter  of  the  yolk ;  and  that  tbey  deliver 
this  up  to  Ihe  vessels,  by  themselves  undergoing  rupture  or  dissolutioQ,  being  replaoed  by 
new  layers. 
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a  sinaple  auricle  or  receiTiDg  cavity,  a  eiinple  vmtricU  or  propelling  cavity,  nit 
bulint  artrrionti  at  the  origin  of  the  aorta.  The  cireulatioD  is  at  6r«t  catTieii<<m 
exnctly  upon  the  plan  which  is  permanently  exhibited  by  Fiphee.  The  Aocta 
subdivides  on  either  aide  of  the  neck  into  four  or  fire  arches  (Fips.  225,  226,  e, 
^i  0«  which  are  separated  by  fissures  much  resembling  those  fonning  the  ea- 
trances  to  the  gill-cavities  of  Cartilaginous  Fishes ;  and  these  arches  re-uaite  to 
form  the  descending  aorta,  which  transmits  branches  to  all  parts  of  the  bodj. — 
Such  is  the  first  phase  or  aspect  of  the  Circulating  Apparatus,  which  is  cowmm 
to  all  Vertehrata  during  the  earliest  period  of  their  development,  and  which  any, 
therefore,  be  considered  aa  its  inost  general  form.  It  remains  permanent  in  the 
class  of  Fishc«;  and  in  thcru  the  vascular  system  undergoes  further  developmeat 
on  the  same  type,  a  number  of  minute  tufts  being  sent-fbrtb  from  each  of  the 
arches,  wbich  enter  the  filuments  of  the  gills,  and  arc  thus  subservient  to  tlie 
aeration  of  the  blood.  In  higher  Vertebrata,  however,  the  plan  of  the  circalalioi 
is  afterwards  entirely  changed,  as  will  be  presently  described,  by  the  formatioo  of 
new  cavities  in  the  heart,  and  by  the  production  of  new  vessels;  it  is  inooRect, 
therefore,  to  speak  of  the  vascular  arches  in  thtnr  uccVs  as  hruvrhial  arches,  sum 
no  branchias  or  gills  are  ever  developed  from  them.  The  clefts  between  Am 
may  be  very  distinctly  seen  in  the  Human  Fcetus  towards  the  end  of  the  int 
month ;  during  the  second,  they  u.<nia]ly  close-up  and  disappear. 

893.  With  the  evolution  of  a  Circulating  apparatus,  adapted  to  absorb  ncuryli- 
ment  from  the  store  prepared  for  the  use  of  the  Embryo,  and  to  convey  it  toitt 
difiercDt  tissues,  it  becomes  necessary  that  a  Hcspinitory  apparatus  shouJd  ilnbt 
provided,  for  depurating  the  blood  from  the  carbonic  acid  with  which  it  beeomci 
charged  during  the  course  of  ita  circulation.  The  temporary  Kespiratory  appuv 
tus  now  to  be  described,  bears  a  strong  resemblance  in  its  own  character,  ud  m- 
pecially  in  its  vascular  connections,  to  the  gills  of  the  Mollusca ;  which  are  pnv 
longatioQs  of  the  external  surface  (usually  near  the  termination  of  the  intesuv] 
canal),  and  which  almost  invariably  receive  their  ves.«els  from  that  part  of  llt« 
system.  This  apparatus,  which  is  termed  the  Alhrnloit,  sprouts-forth  from  tbt 
caudal  extremity  of  the  embryo,  at  first  as  a  little  m&es  uf  cells,  wbich  soon  exhi- 
bits a  cavity  (prubably  originating  in  the  liquefaction  of  the  cells  of  the  internal 
part),  so  that  a  veaiole  is  formed  (Figa.  223,  224,  g),  which  looks  like  a  diverti- 
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Fig.  22S. — DiRgrnm  of  an  carljr  Human  Oru-m,  ibowing  the  Amman  in  proo«M  of  fomutjon, 
and  th«  Allantait  beginning  to  appear: — a,  cborion  ;  b,  vitelline  mxtt  suiToanded  \>j  th*  b1a«- 
todermio  regtcle  ;  e,  embryo  ;  tt,  e,  and/,  external  and  internal  folds  of  the  ■eroaa  layer,  fora- 
rag  t1i«  amnion  ;  g,  iucipieut  nll&ntoia. 

Fig.  224. — Di&grAtn  ofaZ/vman  Owm  in  second  muolb,  thowiog  the  complcUon  of  the  nt 
of  tbe  Amnivn,  and  u  furtbi^r  dovelopmect  of  tbe  Aliantoit :  a  1,  Bmooth  portion  of  cboriuB; 
a  2,  villoua  portion  of  cborion  ;  k,  k,  elongated  riili,  bogioDiag  to  collect  into  Plafpnla;  >,  ri. 
tellioe  or  ambilioal  veaicle ;  «,  embrjo ;/,  aainioo  (inner  layer) ;  g,  aJlantoia ;  Jt,  ont«T  layw  «f 
amnlun,  coaleiuing  iritta  cborion. 
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culum  from  tlie  lower  part  of  ihe  digestive  cavity.  This  vesicle,  in  Birds,  soon 
becnIIle.'^  so  large  as  to  extend  itself  around  the  whole  jjolk-sac,  iiiterveniug  be- 
tween it  and  the  mecnbrane  of  the  shell,  and  coming  throuj;;h  the  latter  into  rek- 
tioD  with  the  cxteroal  air;  but  in  the  embryo  of  MitniniDlia,  the  allantois,  being 
early  superseded  by  another  provitiion  fur  the  aeratioa  of  the  blood,  seldom  attains 
any  ooosiderable  diaieriBions.  Its  chief  office  here  is  to  convey  the  vessels  of  the 
embryo  to  the  chorion;  and  its  extent  bears  a  pretty  close  correspondeDce  with 
the  extent  of  surface,  through  which  the  chorion  comes  into  vascular  connectioQ 
with  the  decidua.  Thus,  in  the  Carnivonv,  whose  placenta  extends  like  a  band 
around  the  whole  ovum,  the  allantois  also  lines  nearly  the  whole  inner  surface  of 
the  chorion;  on  the  other  hand,  in  Man  and  the  Quadruniana,  whose  placenta  ia 
restricted  to  one  spot,  the  allantois  is  small,  and  convoys  tho  footal  vessels  to  one 
portion  only  of  the  chorion.  When  these  vessels  have  reached  the  chorion,  they 
ramify  in  its  substance,  and  send  filaments  into  its  villi ;  and  in  proportion  as  these 
villi  form  that  connection  with  the  uterine  structure  which  has  been  already  de- 
scribed (§§  8GGj  867),  do  the  vessels  increase  in  size.  They  then  pass  directly 
from  the  foetus  to  the  chorion ;  and  the  allantois,  being  no  longer  of  any  use, 
Bbrivels-up,  and  retnaina  as  a  minute  vesicle,  only  to  be  detected  by  careful  eia- 
ininatioD.  The  same  thing  happens  in  regard  to  the  umbilical  vesicle,  from  which 
the  entire  contents  have  been  by  this  tinte  withdrawn;  and  from  henceforth  the 
foDtUB  is  completely  dependent  for  the  materials  of  its  growth  upon  the  supply  it 
reeeives  through  the  Placenta,  which  is  conducted  to  it  by  tho  vessels  of  the  um- 
bilical cord.  This  state  of  things  is  represented  in  Figs.  225,  226,  n,  n',  o,  cf, 
— The  Allantois  is  commonly  said  to  give  origin  to  the  Urinary  Bladder;  but 
this  organ  is  really  formed  by  ao  enlargemeDt  of  the  upper  part  of  the  uro-gcnital 
sinus  (§  904),  with  which  the  allantois  communicates  by  a  duct  which  grudually 
shrivels,  only  a  vestige  of  it  remaining  permanent,  to  form  the  Urachus  or  sus- 
pensory ligjuncut  of  the  bladder,  by  wbioh  this  is  connected  with  tbe  umbilicus. 
Before  this  takes-pluce,  however,  the  Allantois  ia  the  receptacle  for  the  secretion 
of  the  Corpora  Wolffiana,  and  also  for  that  of  the  true  Kidneys,  when  they  are 
formed  (§  902). 

894.  It  will  be  seen  from  the  succeeding  diagram,  that  tbe  Amnion  forma  a 
kind  of  tubular  sheath  around  tbe  umbilical  cord  ;  it  ia  continuous  at  the  umbi- 
licus with  the  integument  of  the  foetus;  and  at  the  point  where  the  cord  enters 
the  placenta,  it  is  rejected  over  its  internal  or  foetal  surface.  It  thus  forms  a 
shut  sac,  resembling  that  of  the  pleura,  arachnoid,  &c. ;  and  it  contains  a  fluid, 
known  as  the  liquor  amjin,  which  consists  of  water  holding  in  solution  a  small 
quantity  of  albumen  and  saline  matter,  and  resembling,  therefore,  very  <Ii]uted 
serum.  During  the  first  two  months  of  gestation,  the  amnion  and  the  inner 
lining  of  the  chorion  (which  is  really  the  reflected  layer  of  tho  amnion,  Fig. 
224,  A,  just  as  the  lining  of  the  abdominal  cavity  is  formed  by  the  peritoneum) 
are  separated  by  a  gelatinous-looking  substance;  which  probably  aids  in  the 
nutrition  of  the  embryo,  previously  to  the  formation  of  the  placenta.  This  is 
absorbed  during  the  second  month ;  and  the  amnion  tS  then  found  immediately 
beneath  the  chorion. — In  the  Umbilical  Cord,  when  it  ia  completely  formed,  the 
following  parts  may  be  traced.  1.  Tbe  tubular  sheath  afforded  by  the  Amnion. 
2.  The  Umbilical  Vesicle  (Fig.  225,  i),  with  its  pedicle,  or  vitelline  duct.  3.  The 
Vasa  Omphalo-Meseraictt  (j,  r),  or  mesenteric  vessels  of  the  embryo,  by  which 
tbe  yolk  was  absorbed  into  its  body;  these  accompany  the  pedicle.  4.  The 
Urachus,  and  remains  of  the  Allantois.  5.  The  Vaaa,  Unibilicalia  (n  n,  o),  which, 
in  the  later  period  of  gestation,  constitute  the  chief  part  of  the  Cord.  These 
last  vessels  consist  in  I^Ian  of  two  arteries  and  one  vein.  The  arteries  are  the 
main  branches  of  the  Hypogastric ;  and  they  convey  to  the  placnta  the  blood 
which  has  to  be  aerated  and  otherwise  revivified,  by  being  brought  into  relation 
with  that  of  the  mother.  The  vein  return.t  this  to  the  foetus,  and  dischargeB  a 
part  of  it  into  Yeua  Porlie,  and  a  part  directly  through  the  Ductus  Venosus  inta 
tbe  Vena  Cava. 


Tig.  225. — Diagram  of  the  Circulation  in  the  Etman  Emhry»  and  iu  Appeuda^M,  m  Am 
in  profile  frum  the  right  fide,  at  the  coannenoeroent  of  the  formation  of  the  Plarenta. 

Fig.  22ft. — Tlie  eame,  a»  seen  from  the  front: — a,  venou«  sinus,  receirinf^  all  the  tjtUimk 
Teins  ;  6,  right  aaricio ;  b',  left  auricle ;  c,  right  ventricle  ;  r*,  left  ventricle ;  d,  bulbo*  Mctict^ 
aahdividjug  into  *,  c',  a",  brancbiul  archea  ;  /,/',  arterial  tmnka  formed  hy  Uieir  oooluMWi 
g,  g',  rena  atjgoi  anperior;  h,  h',  oonfluence  of  the  superior  and  inferior  acygoe  ;  j,  renaevn 
iuferiur;  k,  k',  vena  aiygoa  inferior;  m,  descending  aorta;  n,  n,  ambilioal  arteriec  proecedtag 
from  it;  o',  o,  umbilical  veina :  q,  omphalo-oiegenteric  rein;  r,  ompbalo-mesenterie  arierj, 
djtlributed  on  the  walla  of  the  ritelline  VMicte  (;  c,  ductus  venoaoa;  y,  vitelline  dncl; 
a,  chorion. 

895.  A  chnnpe  in  the  type  of  the  Circulating  Bystem  of  the  foetus,  from  th 
at  first  preseoteJ  by  it.  (§  892),  takes-place  at  a  very  early  period.  At  aboat  the 
4th  week,  in  the  Human  Embryo,  a  septum  begins  to  be  formed  in  the  ventricle; 
and  by  the  end  of  the  8th  week,  it  ie  complete.  The  septum  auriculamm  is 
formed  at  a  somewhat  later  period,  and  it  reTuains  incomplete  during  the  »ho)e 
of  foetal  life  J  it  is  partly  closed  by  the  valvular  fold  covering  the  foramen  ovale, 
which  fold  is  developed  in  the  3rd  month.  During  the  same  period,  a  transfor- 
mation occurs  m  tlie  arrangeiuent  of  the  Arterial  tnioka  proceeding  from  tlte 
heart,  which  ends  iu  their  a.%sumptton  of  the  form  they  present  until  the  end  of 
Fcetal  life;  and  this  undergoes  but  a  alight  alteration,  when  the  plan  of  the  cir- 
culation is  changed  at  the  motnent  of  the  first  inspiration.  The  number  of  aordo 
arches  on  each  side,  which  was  five  at  Gr!«t,  soon  becomes  reduced  in  the  Mam- 
malia to  three,  by  the  obliteration  of  the  two  highest,  pairs.  The  *  bulbtis  aorti- 
cus'  is  subdivided,  by  the  adhesion  of  its  walls  at  opposite  points,  into  two  tub««, 
of  which  one  becomes  the  origin  of  the  Aorta  and  the  other  that  of  the  Pulmo- 
nary Artery;  and  of  the  thixjo  pairs  of  (branchial)  arches,  the  highest, 
connected  with  the  aortic  trunk,  contributes  to  the  formation  of  the  Subclav 
and  Carotid  arteries^  whilst  of  the  middle  pair,  the  arch  on  the  right  side 
obliterated,  and  the  other  becomes  the  'arch  of  the  aorta.'  The  lowest  pair 
ariaes  from  the  Pulmonary  trunk,  and  forms  the  right  and  left  Pulmonary  arte- 
das;  that  on  the  lef^  side,  however,  gues-ou  to  joiu  the  dcsceuditig  aurta  M 
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before,  and  thus  conatitutes  the  Ductus  Arteriosus. — A  kaowledge  of  these  dif- 
ferent Btaf^cfi  in  the  clevelopaieQt  of  the  Heart  aud  Arteriul  i<ystcm  enables  lis  to 
explain  ruanj  of  the  ttialtbrmatioDS  which  thej  occtwionally  present  in  M&d  ; 
these  beiag  for  the  moat  part  due  to  arrest  of  devclopuieat,  whereby  the  circu- 
lating apparatus  is  permanently  fixed  in  conditions  that  are  properly  characteristic 
of  culd-blooded  aDimals.  And  it  is  interesting  to  remark,  too,  that  the  varieties 
'which  not  unfrecfuently  present  themselves  in  the  arrangement  of  the  principal 
trunks  given-off  from  the  Aorta,  find  their  analogues  in  the  arrangement  that  ure 
nonually  charaeteribtio  of  some  or  other  of  the  Mammalia.  (See  FfilNO.  OF 
CoMP.  PiiYtt,,  Am.  Ed.,  §§  262,  263). 

896-  The  Venoui  system  undergoes  changes  which  are  even  more  remarkable 
than  those  of  the  arteriul  trunks.  In  its  earliest  condition,  it  has  been  ascer- 
ttiined  by  Rathke '  (o  present  essentially  the  same  type  in  the  cmbryoes  of  all 
Vertobrated  animals ;  the  peculiarities  of  each  group  being  acquired  by  a  process 
of  subsequent  tninsformation.  There  is  at  first  a  pair  of  anterior  venous  trunks 
(Figs.  225,  226,  (/,  tj),  receiving  the  blood  from  the  hcadjand  a  pair  of  posterior 
trunks  {k,  k),  formed  by  the  confluence  of  the  veins  of  the  trunk,  of  the  Wolf- 
fian bodies,  &c. ;  the  former  are  persistent  as  the  jugular  veins  j  the  latter  remain 
separate  in  motjt  Fishes,  where  they  are  designated  the  cardinal  veins ;  but  in 
Man  (as  in  warm-blooded  Vertebrata  generally)  they  are  only  represented  by  the 
vtntB  axygoi,  major  and  minor/  which  coalesce  into  a  common  trunk  for  a  con- 
Biderable  part  of  their  length.  One  of  the  anterior  trunks  and  one  of  the  poste- 
rior unite  on  either  side,  to  form  a  canal  which  is  known  as  the  Ductus  Cuvieri; 
and  the  ducts  of  the  two  sides  coalesce  to  form  a  shorter  main  canal,  which  enters 
ttxe  auricle^  at  that  time  an  undivided  cavity.  This  common  canal  is  absorbed 
into  the  auricle  at  an  early  period,  in  all  Vertebrata  above  Fishes  j  and  after  the 
septum  aurteularum  is  formed,  the  two  Cuvierian  ducts  separately  enter  the  right 
auricle.  This  arrangement  is  persistent  in  Birds  and  the  inferior  Mammals,  in 
which  we  find  two  Venae  Cava?  superiores,  entering  the  right  auricle  separately; 
but  in  the  higher  Mammalia  and  in  Man,  the  left  duot  is  obliterated,  and  the 
right  al'tuo  remains  as  the  single  Vena  Cava  superior,  a  transverse  communica- 
ting brunch  being  formed,  to  bring  to  it  the  blood  of  the  left  side.'  The  double 
Vena  Cava  sotuetimes  presents  itself  as  a  monstrosity  in  the  Human  subject. 
As  the  anterior  estremitiea  are  develnped,  the  subclavian  veins  are  formed  to 
return  the  blood  from  them;  and  these  discharge  themselves  into  the  jugulars. 
The  Omphalo- Mesenteric  vein  (Fig.  225,  q),  which  is  another  primitive  trunk 
common  to  all  Vertebrata  (§  891),  is  formed  by  the  confluence  of  the  veins  of 
the  yolk-bag  and  intestinal  canal,  and  pusses  by  itself,  with  the  two  Cuvierian 
ducts,  into  the:  auricle.  The  upper  part  of  this  remains  to  constitute  the  upper 
part  of  the  Inferior  Cava  (Figs.  225,  226,_/),  the  lower  portion  of  which  arises 
between  the  Wolftian  bodies,  and  originally  enters  the  omplialo-mesenteric  vein 
above  the  liver.  When  the  liver  is  formed,  the  orapbalo-raesenteric  vein  becomes 
connected  with  it,  both  by  aflferent  and  by  eflerent  trunks,  the  former  remaining 
as  the  Vena  Portse,  and  the  latter  as  the  Hepatic  vein;  and  after  giving-off  the 
furmer  trunks,  the  ompbalo-mesentcric  vein  is  itself  obliterated,  so  that  all  the 
blood  which  it  conveys  passes  through  the  liver.  The  Inferior  Cava,  which  re- 
ceives the  bepatie  vein,  is  gradually  enbiTged  by  the  reception  of  most  of  the 
Teios  from  the  inferior  part  of  the  trunk  and  the  luwi-r  extremitie«i,  and  the  vena 
aiygofl  is  reduced  in  the  same  proportiun ;  in  some  rare  cases  of  abnorraul  forma- 
tiou,  however,  the  vena  cava  fails  to  be  developed,  and  then  the  btood  from  the 

'  "Ueber  den  Daa  unil  die  Entwickeluog  des  VeDeaaystemB  der  Wirbelthiere,"  1888. 

•See  Miiller's  "  Vergleicbende  Anatomie  der  Myxinoiden,"  Berlin,  1840. 

*  Seo  the  elaborate  Memoir  '  On  the  DeTelopniciit  of  the  Great  Antei  tor  Veina  in  Mao 
and  Mnmmalia'  {"  Phil.  Trans./'  I85Q),  by  Mr.  J.  Mnrshall ;  who  ban  further  shown  tltnt 
Bome  vestiges  of  the  original  arrangemeat  may  be  traced  even  in  the  normal  ooadilioo  of 
tne  venooa  ajstem  La  the  adult. 
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Dikgntm  of  the  Fatal  Cireulation  t  —  1.  The  umbilic*!  cordi  oonsutiDg  of  Ibe 
Tein  u}d  two  umbilical  ftrteries.  proeeeding;  fVom  the  placentA  (2|.  3.  The  uatbOiMl 
diTiding  into  three  braacbca;  Iwo  (4,  4)  to  be  dulributed  to  the  liver,  and  one  (i),  the  dictai 
venoiUB,  which  entera  Lbo  inferior  r«na  cam  (G).  7.  The  portal  Tein,  returning  the  Um4 
iVom  the  intcatinei,  and  aniting  with  the  right  bepiitie  branch.  8.  The  right  aarirlt;tfc« 
course  of  the  blood  ii  dunutcd  by  the  arrow  proceeding  from  8  to  9,  the  lefl  auricle.  10.  Th« 
left  ventricle;  the  blood  foIIowiDg  the  arrow  to  the  arch  of  the  aorta  (II),  to  be  diitribated 
thritugb  the  branohet  given-o£r  bj  the  arch  to  the  head  and  upper  extremitiee.  The 
1!  and  13,  rcpretont  the  return  of  the  blood  from  the  head  and  upper  extrrmities  lhroa| 
the  jugulnr  and  labclavian  veins,  to  the  snperior  vena  cava  (H),  to  the  right  anricte  (6). 
IB  the  eour»e  of  the  arrow  throagh  the  right  ventricle  (15),  to  the  pulmooarj  artery  (1ft. 
17.  The  ductui  arteriosus,  which  appear*  to  be  a  proper  continuation  of  the  pulmonary 
artery  ;  the  offictc  at  each  «ide  are  the  right  and  left  pulmonary  arteriet  cat  off.  The  dqelat 
artcriotu*  joint  the  descending  aorta  (18,  IS],  which  divide*  into  the  cummoD  iliaee,  aad  tb<M 
into  the  internnl  iliac,  which  becoroe  the  umbilical  arteries  (10)  and  return  the  blood  along 
the  ncnbilical  cord  to  the  plKocnta,  and  the  external  iUacs  (SO),  which  are  eonttnaed  into  1b« 
lower  extremities.  The  arrows  at  Ihe  termination  of  the<e  veueli  mark  the  retani  of  the 
reooat  blood  bj  the  veins  to  the  inferior  cava. 

f.twer  p&rts  of  the  body  is  conveyed  to  the  superior  cav&  throaph  the  Bj«tem  U 
Ihe  Tona  azygoa.  The  Umbilical  Vein,  which,  like  the  other  great  veoous  tranb, 
is  at  first  double  (Figs.  225,  226,  o,  o'),  is  to  be  regarded  aa  a  product  of  tk 
i-ombi nation  of  the  reins  of  the  allantois  with  an  anterior  vein  of  the  abdoioiD*! 
parietee ;  it  being  probably  through  this  latter  chaoQel  that  it  comes  to  diwtk«r]ee 
itself  into  the  vena  porta?,  which  lies  in  a  part  of  the  body  very  distant  from  tb«t 
at  which  the  allaQtois  was  developed.     Aa  the  omphalo-mesenteric  vein  ^iait 
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luthea  to  size,  the  luubilical  veins  increase,  and  coalesce  into  a  single  trniik; 
this  then  becomes  the  chief  source  of  supply  tu  the  vena  portae,  also  formiDg  ao 
anastomosis  with  the  inlerior  cava,  which  conatitutea  the  Ductus  Venosue, 

897.  The  following  is  the  course  of  the  Circulation  in  the  mature  Fostus, — 
The  fluid  brought  from  the  Placenta  by  the  umbilical  veiu,  is  partly  conveyed  at 
unce  lo  the  aaceading  Cava  by  means  of  the  ductus  venosus,  but  chiefly  flows 
through  the  vena  portae  into  the  Liver,  whence  it  reaches  the  aacendiug  Cava  by 
the  hepaiic  vein.  Having  thus  been  {.raosui  it  ted  through  the  great  depurating 
organ,  the  Placenta,  and  the  great  assimilating  organ,  the  Liver,*  it  ia  in  the  con- 
ditioQ  of  arterial  blood ;  but,  being  mixed  iu  the  great  vessels  with  that  which 
has  been  returned  from  the  trunlc  and  lower  extremities,  it  loses  this  character  in 
some  degree,  by  the  time  that  it  arrives  at  the  Hearts  In  the  right  auricle, 
which  it  then  enters,  it  would  be  also  mixed  with  the  venous  blood  brought 
thither  by  the  descending  Cava;  were  it  not  that  a  very  curious  provision  exists, 
lo  prevent  (in  great  degree,  if  not  entirely)  any  such  further  dilution.  The 
Eustachian:  valve  has  been  found,  by  the  experimeata  of  Dr.  J.  lleid,'  to  serve 
the  purpose  of  directing  the  arterial  blood,  which  flows  upwards  from  the  aacend- 
iny  Cava,  through  the  foramen  ovale,  into  the  hft  auricle,  whence  it  passes  into 
the  Ir/t  ventricle;  whilst  it  also  directs  the  venotm  blood,  that  has  been  returned 
by  the  detcmding  Cava,  into  the  riyht  ventricle.  When  the  ventriclcp  eontraot, 
the  arterial  blood  which  the  lef^  contains  is  propelled  into  the  ascending  Aorta, 
and  supplies  the  branches  that  proceed  to  the  head  and  upper  extremities,  before 
it  undergoes  any  admixture;  whilst  of  the  venous  blood  contained  in  the  right 
ventricle,  part  is  transmitted  by  the  Pulmonary  artery  to  the  lungs,  but  another 
(and  probably  by  far  the  larger)  part  finds  its  way  through  the  Ductus  Arteriosus 
into  the  descending  Aorta,  mingling  with  the  arterial  current  which  that  vessel 
previously  conveyed,  and  passing  thus  to  the  trunk  and  lower  extremities.  Hence 
the  head  and  superior  extremities,  whose  development  is  required  to  be  in  advance 
of  that  of  the  lower,  are  supplied  with  blood  nearly  as  pure  as  that  which  returns 
from  the  placenta;  whilst  the  rest  of  the  body  receives  a  mixture  of  this  with 
what  has  previously  circulated  through  the  system ;  and  of  this  mixture  a  por- 
tion is  transmitted  to  the  placenta,  to  be  renovated  by  coming  into  relation  with 
the  maternal  fluid.  —  At  birth,  the  course  of  the  current  is  entirely  changed  by 
the  cessation  of  the  circulation  through  the  Placenta,  and  by  the  enormous  in- 
crease in  the  quantity  transmitted  to  the  Lungs,  which  takes-place  immediately 
on  the  first  inspiration  :  the  Ductus  Ycuosus  and  Ductus  Arteriosus  soon  shrivel 
into  ligaments;  the  Foramen  Ovale  becomes  closed  by  its  valve;  and  the  circu- 
lation, which  was  before  carriednan  upon  the  plan  of  that  of  the  higher  UeptiJcs, 
now  becomes  that  of  the  complete  Bird  or  Mammal.*  It  is  by  no  means  unfre- 
quent,  however,  for  some  arrest  of  development  to  prevent  the  completion  of 
these  changes;  and  various  malformations,  involving  an  imperfect  discharge  of 
the  function,  may  hence  result. 

898.  The  Alimentary  Canal  has  been  shown  (§  889)  to  have  ita  origin  in  the 

*  It  does  not  seem  probable  that  the  depurating  action  of  the  Liver  can  he  energetically 
perfortDed  during  foctnl  life;  and  its  large  dimeaitiooB  and  copioua  supply  of  blood  appear 
rather  lo  be  referable  to  ha  function  &a  a  blood-making  gland  (j  132). 

*  "Edinb.  Med.  aad  Surg.  Joornal,"  vol.  xliii ;  and  *<  Asat.,  PhjBiol.,  and  Pathol.  Re- 
Bearehes,"  Chap.  ii. 

*  It  has  been  ar^ed  by  Dr.  Penalee  (of  Darttnoath  College,  C.  S.),  that  the  above 
account  in  incorrect,  since  the  diameter  of  the  Bucttia  Arterioaus  is  so  small  in  proportion 
to  that  of  the  Pulmonarj  arteries,  that  it  can  serve  no  other  purpose  Ibnn  that  of  a  >  waste- 
pipe  '  to  carry-off  the  aupcrQaona  blood  which  thej  cannot  receive.  But  he  supposes  the 
amount  of  blood  tran-imitted  through  these  Tessels  respectiTeljri  to  be  chiefly  or  entirely 
determined  b;  their  refipective  diameters;  and  takes  do  account  of  the  numerous  facta 
which /rroi>(!  that  the  quandtj  of  blood  transmitted  to  tlie  laagp  before  birth,  ia  txtrtmely 
tmall  in  proportion  to  that  which  thej  receive  so  aoon  aa  the  reapiratory  function  ia  fully 
eatabliHhed.  See  his  ■  ^lonograph  on  the  FcetaJ  Circalatioa/  in  "  American  Medical 
Monthly,"  xMay,  1851. 
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blastodermic  vesicle;  beiog  a  portion  piiichcd-off  (as  it  were)  from  that  part  of 
it  wbicb  ia  just  beneath  the  spinal  column  of  the  cnibrvo,  whilst  the  remainder, 
which  is  Dt  that  time  the  largest  part  of  it,  foruis  the  vitelliDC  or  umbilical  ved 
ole.     In  ita  earliest  form,  it  is  merely  a  long  narrow  tube  (Fig*  22^,  m),  nearlj 

Fig.  22S. 


>A< 


Embryo  of  Doff,  26  dftya  after  lut  copulation  :— «,  a,  nostrils ;  h,  h,  eyes  i  c,  e,  firvt  rit««' 
ral  arches,  fonsing  the  lower  jaw  ;  d,  d,  gecond  visceral  arches  ;  e,  right  auricle ;  /,  lei\  oori- 
oto;  g,  right  ventritile  ;  h,  Xntl  vcnlrii:lu  ;  i,  aortic  bulb  ;  k,  k,  liver,  t>«twe«D  Ui«  two  lobes  of 
which  Is  seen  the  divided  oriBL-e  or  tbe  uni]>lialo-nic!'!<ntenc  vcio  ;  /,  sUiooeh;  m,  iolMtiBSi 
cotntttutiicaiiD|r  frith  tbo  umbilioal  vehicle  an;  o,  9,  corpora Wolffiona ;  ji>  oUantois;  gif,  oft* 
terior  extrerutlica  ;  r,  r,  [iustcrior  extretnilies. 

Btraigbt,  and  communicating  with  the  umbilical  vesicle  (n,  n)  at  about  the  middle 
of  its  length ;  thus  it  may  be  regarded  as  composed  01  the  union  of  two  divi- 
sionSj  an  upper  and  a  lower.  At  iirst,  neither  mouth  nor  anus  exists ;  but  ftiese 
are  formed  early  in  the  second  month,  if  not  before.  The  tube  gradually  mani- 
fests a  distinction  into  it»  speciul  parts,  oesophagus,  stomach,  small  intestioe^  and 
krge  intestine;  and  the  first  change  in  its  position  occurs  in  the  stomach,  which, 
originally  disposed  in  the  line  of  the  body,  afterwards  takes  an  oblique  direction. 
The  curves  of  the  large  and  small  intestine  present  themselves  at  a  later  period. 
It  is  at  the  lower  part  of  the  small  iatestine,  near  its  termination  in  the  large, 
that  the  entrance  of  the  viteiliuc  duct  persists;  and  a  remnant  of  this  canal  is 
not  unfrequently  preser\'ed  throughout  life;  in  the  form  of  a  small  pouch  or 
diverticulum  from  that  part  of  the  intestine. 

899.  In  immediate  connection  with  the  intestinal  tube,  we  find  the  first  rudi- 
ment of  the  Liver f  which  is  formed  by  the  thickening  of  the  cells  in  tbe  wall  of 
the  canal,  at  tbe  spot  at  which  the  hepatic  duct  is  subsequently  to  discharge  itself. 
This  thii-kening  increases,  so  as  to  form  a  projection  upon  the  exterior  of  the 
canal ;  and  soon  afterwards  the  lining  membrane  of  the  intestine  dips-down  into 
H,  so  that  a  kiod  of  caicum  is  formed,  surrounded  by  a  mass  of  cells,  as  showa 
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in  Fig.  229.     Tl>c  increase  of  the  orpan  seeniB  to  takc-plnce  by  a  continual 

budding-forth  of  cells  from  its  peripheral 

portion  j  and  a  coasidemI)le  moss  is  thus  Fio.  229. 

formed,  before  the  csecuin  iu  its  interior 

uadergoes  any  exteosion   by  raiuiScatioDa 

into  it.     Gradually,  however,  the  cells  of 

the  exterior  become  met-imorphoscd   into 

fibrous    tissue   for  the   invest tneut  of  the 

organ ;    those  of  the   interior  break-down 

into  ducts,  which    are    developed    iu  con- 

tiiiuity  with  the  tjecum  derived  from  the 

intestine,  and  which  are  lined  by  muscular 

and    fibrous   tissues   developed    from    the 

_  - :»;„_ ii.,T ki„,* .    ™l.;i„i.    ii Origin  of  the  iiMr  fronj  the  intestinal  wall, 

pnraTtive  cellular  blastema ;  wtiilst  those  ,    ,,        ,         ,.».    u     >        .l   ^    _.».  . 
'^ ,  .   .  1       .    .  .  ,10  tho  Binbryo  of  the  Fowl,  on  the  fourth  d«T 

which  occupy  the  intcnrening  space,  and  „f   mcubatiou ;-«,    heart;    6,  iDtcsUoe;  c, 
which    form   the   bulk   of  the   gland,   give  ercrtcd  portion  giving  origin  to  llrer;  d,  II- 
origin  to  the  proper  secreting  cellst  which  Ter;  t,  portion  of  riwUiae  Te»iele. 
are  now  to  come  into  active  operation.    As 

this  is  going-on,  the  hepatic  mass  is  gradually  removed  to  a  distance  from  the  wall 
of  the  alimentary  canal ;  and  the  cisecum  is  narrowed  and  lengthened,  so  oa  to  be- 
come a  mere  connecting  pedicle,  forming,  in  fact,  the  main  trunk  of  the  hepatic 
duct. — In  the  Human  embryo,  the  formation  of  the  Liver  begins  at  about  tlio 
third  week  of  intra-uterine  existence  j  the  organ  is  from  the  first  of  very  large 
size,  when  compared  with  that  of  the  body  j  and  between  the  third  and  the  fifth 
weeks,  it  is  one-half  the  weight  of  the  entire  embryo.  It  is  at  that  period 
divided  inio  aeveral  lobes.  By  the  third  lunar  month,  the  liver  extends  nearly 
to  the  pelvis,  and  almost  51Is  the  abdomen  ;  the  right  side  now  begins  to  gain 
upon  the  left;  the  gall-bladder  makes  its  first  appearance  at  this  time.  The  sub- 
sequent changes  chiefly  consist  in  the  consolidation  of  the  viscus,  and  the  diminu- 
tion of  its  proportional  size.  Up  to  the  period  of  birth,  however,  the  bulk  of 
the  liver,  relatively  to  that  of  the  entire  body,  is  much  greater  than  in  (he  adult; 
the  proportion  being  as  1  to  18  or  20  in  the  new-born  child,  whilst  it  is  about  I 
to  86  in  the  adult;  and  the  difference  between  the  right  and  left  lobes  is  still 
inconsiderable.  During  the  first  year  of  extra-uterine  life,  however,  a  great 
change  takes  place  ;  the  right  lobe  increases  a  little  or  reumins  stationary,  whilst 
the  left  lobe  undergoes  an  absolute  diminution,  being  reduced  nearly  one-half; 
and  as,  during  the  same  period,  the  bulk  of  the  rest  of  the  body  has  been  rapidly 
iDcreasitig,  the  proportion  is  much  more  reduced  during  that  period,  than  in  any 
subsequent  one  of  the  same  length.  According  to  Meckel,  the  liver  of  the 
newly-born  infant  weighs  one-fourth  heavier  than  that  of  a  child  of  eight  or  ten 
months  old ;  and  as  the  weight  of  the  whole  body  is  more  than  doubled  during 
the  same  time,  it  is  obvious  that  the  change  in  the  proportion  of  the  two  must 
be  principally  effected  at  this  epoch.  The  liver  seems  to  be  engaged,  during 
foetal  life,  in  the  depuration  of  the  blood  (as  appears  from  the  accumulation  of 
mccoitutm^  which  is  chiefly  altered  bile,  in  the  intestinal  canal  at  birth);  but  at 
the  Slime  time  it  is  serving  as  a  blood-making  organ  (^§§  1H2,  107),  and  this  ia 
probably  its  principal  fuuction  before  birth. 

900.  The  general  history  which  has  just  been  given  of  the  development  of  the 
Iriver,  seems  equally  applicable  to  the  other  glands  that  are  evolved  from  tho 
parietes  of  the  Alimentary  canal,  such  as  tbe  Safivary  gland»  and  Pancreas; 
since  they  all  seem  to  commence  in  little  masses  of  cells,  formed  by  an  increased 
development,  at  certain  spots,  of  the  layer  of  blastema  which  originally  oonDti- 
tntes  its  wall ;  and  whilst  some  of  these  cells  give  origin  to  the  proper  vesifles 
of  each  gland,  others  form  its  ducts  and  tubuli  by  their  deliquescence. — The  de- 
velopment of  the  Spfeefi  and  of  the  Supra-Rcnalf  Thi/mus,  and  Thyroid  bodies, 
has  been  already  described  (§§  143-147). 
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901.  The  Lvttgf  are  also  developed  in  immediate  relation  with  the  upper  ptn 
of  the  Alimentary  canal,  their  first  rudiments  ehooting-forth  as  a  pair  of  bod-like 

processes  (Fig.  230,  a)  from  it^  cesop^ 

geal  portioD.      These  were   originaUj  de. 

scribed  bj  Von  Barr  tks  hollow,  ni  m 

being  in  reality  diverticula  from  tha  ttkt 

itself.     But  most  later  observexsigpwia 

stating  that  the  bud-like  prooeaMs  in  Ht 

at  first  hollow,  but  are  solid  aggregiabNi 

of  cells,  formed  by  a  niuItiplieatioDaf  the 

cells  oODStituting  the  external  wall  of  tile 

FIrtt  appMnnee  of  the  £mm;«:— «,  ia  s  alimentary  tube,  into  which    its   intemtl 

Fotcl  at  four  day.;  b,  !n  a  Fowl  .t  .ix  dar*;  ^y^j^  j^   ^^^  prolonged.      These  gndulh 

o,  tormiDatioa  of  broncbua  id  &  very  young  .  .        .'^  .       ,.         ,  i    i*^ 

p-  "  increase  m  sise,  extending  dowowanb  bj 

the  multiplication  uf  their  component  oelli 
ID  that  direction  ;  and  cavities  are  fortned  in  them  (probably,  as  in  the  piToe<ltng 
instances,  by  the  deliquescence  or  fusion  of  some  of  the  cells  of  their  iotenv), 
which  at  first  communicate  with  the  pharynx  by  separate  apertures  ;  these,  h<w^ 
ever,  coalesce  into  one,  as  the  channels  are  elongated  into  tubes,  and  the  puloko- 
nary  orjruns  are  removed  to  a  distance  from  their  point  of  exit — The  first  appa^ 
aace  of  the  Lungs,  in  the  Human  embryo,  takes-place  at  about  the  6th  week,  it 
which  time  they  are  simple  elevations  of  the  external  layer  of  the  Gomphs^ 
wall ;  from  this,  however,  they  are  soon  removed ;  each  rudimentary  Inog  h»T- 
ing  its  own  bronchial  tube,  connecting  it  with  a  trachea  common  to  both  (Fif 
230,  b).  Their  surface  becomes  studded  with  numerons  little  wart-like  proj<o> 
tions,  which  are  caused  by  the  formation  of  corresponding  enlargementa  of  tb«ir 
ciivity ;  these  enlargements  soon  become  prolonged,  and  develope  corre^wo^ag 
bud-like  enlargements  from  their  sides;  and  in  this  uiaoner,  the  form  of  tht 
organs  is  gradually  changed,  a  progressive  increase  in  (heir  bulk  taking-pbeB 
fnira  above  downwards,  ia  consctjuetice  of  the  extension  of  the  bronchial  nau^ 
cations  of  the  single  tube  at  the  apex.  At  the  same  time,  however,  a  eafm> 
.ponding  increase  in  the  amount  of  the  parenchymatous  tissue  of  (he  long il 
[taking-place:  for  this  is  deposited  in  all  the  interstices  between  the  broarhial 
itamifications,  and  might  be  compared  with  the  soil  filling-up  the  spaoes  ftnoMi 
[the  roots  of  a  tree.  It  ia  in  this  parenchyma  that  the  pulmonary  vesMlt  are  «> 
tributcd  ;  and  the  portion  of  it  which  extends  beyond  the  terminutions  of  the 
bronchial  tubes,  seems  to  act  as  the  nidus  for  their  further  extension.  It  can  U 
easily  shown  that,  up  to  a  late  period  of  the  development  of  the  lunev  thi 
dilated  terminations  of  the  bronchi  constitute  the  only  air-cells  (Fig  "230,  /-V, 
but,  as  already  mentioned,  the  parenchyma  subsequently  has  addi(ional  caviti«| 
formed  within  it. — It  is  a  fact  of  Eome  interest,  as  an  example  of  the  tendency 
of  certain  diseased  conditions  to  produce  a  return  to  forms  which  are  natunlto 
the  f(jetal  organism,  or  which  present  themselves  in  other  animals,  that  up  to  a 
late  period  in  the  development  of  the  Human  embryo,  the  lungs  do  not  nearly 
fill  the  cavity  of  the  chest,  and  the  pleura  of  each  side  contains  a  good  deal  of 
serous  fluid, 

002.  The  embryological  development  of  the   Urinary  organs  in  Yertebrttfd 
animals  i.s  a  subject  of  peculiar  interest ;  owing  to  the  correspondence  whirh  o*»t 
he  traced  between  the  transitory  forms  they  present  in  the  higher  cla.s- 
their  perm;ineut  condition  in  the  lower.     In  this  respect,  there   is  an   • 
analogy  with  the  Respiratory  system.     The  first  appearance  of  anything  riseai- 
bling  a  Urinary  apparatus  in  the  Chick,  is  seen  on  the  second-half  of  the  thid 
day.     The  form  at  that  time  presented  by  it,  is  that  of  a  Jong  canal,  ex 
on  each  side  of  the  epiual  eolunm,  from  the  region  of  the  heart,  towards  tl  ■ 
lois  (Fig.  228,  o,  n);  on  the  sides  of  thb  are  a  series  nf  elevations  and  depro- 
^ions,  indicative  of  the  incipient  development  of  caeca.     On  the  4th  dav,  tii 
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^  yra  Wolffuina,  aa  they  are  then  termed,  arc  distinctly  recognized  as  com- 
posed of  a  series  of  caxjal  appendages,  which  are  attached  along  the  whole 
coarse  of  the  first-mentioaed  cunal,  opening  into  its 
outer  side  (Fig.  231,  i).  On  the  5th  day  these 
appendages  are  convoluted,  and  the  body  which 
they  form  acquires  increased  hreadth  and  thickness; 
ihey  evidently  then  possess  a  secreting  function,  and 
the  fluid  wliii-h  they  separate  ia  poured  by  their  long 
straight  canals  (2,  2)  into  the  cloaca;  and  between 
th^r  component  shut  sacs,  numbers  of  small  points 
appear,  which  consist  of  little  clusters  of  convoluted 
▼efisels,  exactly  analogous  to  the  Corpora  Malpighiana 
of  the  true  kidney.  These  bodies  remain  as  the  per- 
manent urinary  organs  of  Fisht's;  but  in  the  higher 
Verlcbrata  they  give  place  to  the  true  Kidneys,  the 
development  of  which  commences  in  the  Chick  about 
the  6th  day.  These  when  first  seen,  are  lobulared 
greyish  masses  (3),  which  seem  to  sprout  from  the 
outer  edges  of  the  Wolffian  bodies,  but  which  are 
really  independent  foruiations,  springing  from  a  mass  '?<^««faMf>;>arar»«in  theearty 
of  blastema  behind  them;  and  aa  they  gradually  in-  ""'"'{^  .1  "**  ^i'^T'.' """ 

1      ,  -      1        1  "^.^^i      iif    tai         pora  Wnlfflana;  2,  2,  tbeir  ex- 

creose  in  size  and  advance  in  uevclopraeut,  the  vt  olraan  crijiory  duots;  3,  kidneyi  ■  4 
bodies  retrograde;  so  that  at  the  end  of  foetal  life,  the  ureter;  &,  S, te«tM. 
only  vestige  of  them  is  to  be  found  as  a  shrunk  rudiment, 

situated  (in  the  male)  near  the  testes,  to  which  their  excretory  ducts  serve  as  tho 
•utletfi,  becoming  the  '  vasa  deferentia.' — The  history  of  the  development  of  the  Uri- 
nary organs  in  the  Human  embryo,  seems  to  correspond  closely  with  the  foregoing. 
The  Wolffian  bodies  begin  to  appear  towards  the  end  of  the  first  month ;  and  it  is 
in  the  course  of  the  7th  week,  that  the  true  Kidneys  first  present  themselves. 
When  at  their  greatest  development,  the  Corpora  Wolffiana  are  the  moat  vascular 
parts  of  the  body  next  to  the  liver;  four  or  five  branches  from  the  aorta  are  dis- 
tributed to  each,  and  two  veins  are  returned  from  each  to  the  vena  cava.  The 
upper  arteries  and  their  corresponding  veins  are  afterwards  converted  into  the 
Kenal  or  emulgeut  vessels ;  and  the  lower  into  the  Spermatic  vessels.  From  the 
beginning  of  tho  3d  month,  a  diminution  takes-place  in  the  size  of  the  Wolffian 
bodies,  pari  passu  with  the  increase  of  the  Kidneys;  and  at  the  lime  of  birth, 
scarcely  any  traces  of  the  former  can  be  found.  At  the  end  of  the  3d  month, 
the  Kidneys  consist  of  seven  or  eight  lobes,  the  future  pyramids ;  their  excretory 
ducts  still  terminate  in  the  cunat,  the  sintit  nroyenitalUy  which  receives  those  of 
the  Wolffian  bodies  (subsequently  to  become  the  vasa  deferentia),  and  of  the 
Fallopian  tubes; '  and  this  opens,  with  the  rectum,  into  a  sort  of  Chara,  analo- 
goQS  to  that  which  is  permanent  in  the  oviparous  Vertcbrata.  The  Kidneys  are 
at  this  time  covered  by  the  Supra-Renal  capsules,  which  equal  them  in  size , 
about  the  6th  month,  however,  these  have  decreased,  whilst  the  kidneys  have 
increased,  so  that  their  proportional  weight  is  as  1  to  2i.  At  birth,  the  weight 
of  the  Kidneys  is  about  three  times  that  of  the  Supra-Renal  capsules,  and  they 
bear  to  tho  whole  body  the  proportion  of  1  to  80;  in  the  adult,  however,  they  are 
no  more  than  1  to  240,  The  lobulated  appearance  of  the  kidney  gradually  disap- 
pears ;  partly  in  consequence  of  the  condensation  of  the  areolar  tissue  which  con- 

'  Althongb  it  has  beeo  UAuallj  considered  that  the  Vasa  Deferentia  of  tho  male  and  the 
FtiUopun  tubes  of  the  female,  are  homologous  organs,  yet  tbia  does  Dot  leem  retdly  to  bo 
the  case;  for  the  former  are  derived  from  the  excretory  ducts  of  the  WolfiBan  bodies, 
whilst  the  Imtter  are  independent  formations,  which  are  found  to  co-exist  with  seminal 
ducts  at  an  early  period  of  developiDeat,  alike  in  male  and  in  female  embryoes.  (8ee  Ko> 
belt,  "Dor  Nebeneirstock  des  Weibea,"  Heidelberg,  1847.)  The  ducts  of  the  VVol&aD 
bodies,  Although  itub<iequently  disnppeariDg  in  the  females  of  most  Mammals,  remain  per- 
laaaent  as  'Qaertiier's  canals'  la  the  female  Eutaia&nta  and  Pig. 
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nects  its  ilifferent  portions,  and  partly  through  the  development  of  adHitionsI 
tubuil  in  the  interstices. — The  Urinary  Bladder  is  formed  quite  iudepeodeutly  of 
the  )iecrctin<;  apparatUi^,  bcin^  an  cnlargcoiCDt  of  a  portion  of  the  part  urinaria 
of  the  •  uro-Rciiital  sinus '  (§  904). 

903.  The  essential  parts  of  the  Generative  Apparatus,  namely  the  Testes  in 
the  male,  and  the  Ovaria  in  the  female,  are  first  developed  iu  such  immediate 
proximity  with  the  Corpora  Wolffiana  (Fig.  231,  6,  6),  that  they  have  been  sup- 
posed to  sprout-forth  from  them;  this,  however,  ia  not  really  the  case,  as  they 
have  au  independent  origin  in  a  mass  of  blastema  peculiar  to  theraeelves.  Tbey 
tnalce  their  first  appearancti  in  the  Chick,  as  delicate  strix  on  the  Wolffian  bodjfs, 
about  the  fourth  day  j  at  which  period  no  difference  can  be  detected  between  the 
Testes  and  the  Ovaria,  which  originate  in  precisely  the  eame  mauner.  In  the 
Human  embryo,  the  mdim«nts  of  the  sexual  organs, — whether  testes  or  ovaria, — 
first  present  themselves  soon  after  the  kidneys  make  their  appearance,  that  is, 
towards  the  end  of  the  7th  week.  They  are  originally  much  prolonged,  and 
seem  to  consist  of  a  kind  of  soft,  homogeneous  blastema,  in  which  the  structura 
characteristio  of  each  organ  subsequently  developes  itself.  The  Testis  gradu- 
ally a.saumes  its  permanent  fonn  ;  the  epididymis  appears  in  the  tenth  week  ;  and 
the  piibernaeulum  (a  membranous  process  from  the  filamentous  tissue  of  the  scro- 
tum, analogous  to  the  round  ligament  arising  from  the  labium  and  attached  to 
the  ovary  of  the  female),  which  is  originally  attached  to  the  vas  deferens,  gruda* 
ally  fixes  itself  to  the  lower  end  of  the  testis  or  epididymis.  The  Testes  begin  to 
descend  at  about  the  middle  period  of  pregnancy ;  at  the  seventh  month  they 
reach  the  inner  ring ;  in  the  eighth  they  enter  the  passage  ;  and  in  the  ninth  they 
usually  descend  into  the  scrotum-  The  cause  of  this  descent  is  not  very  clear;  it 
can  scarcely  be  due  merely,  as  some  have  supposed,  to  the  contraction  of  the 
gubemaculum ;  since  that  does  not  contain  any  fibrous  structure,  until  after  the 
lowering  of  the  testes  has  commenced.  It  is  well  known  that  the  testes  are  not 
always  found  in  the  scrotum  at  the  time  of  birth,  even  at  the  full  period.  Upon 
an  examination  of  97  new  born  infunts,  Wrisberg  found  both  te.ste8  in  the  scro- 
tum in  67,  one  or  both  in  the  canal  in  17,  in  8  one  testis  in' the  abdomen,  and  in 
3  both  testes  within  the  cavity.  Sometimes  one  or  both  testes  remain  in  the 
abdomen  during  the  whole  of  life;  but  this  circumstance  does  not  seem  to  impair 
their  function.'  This  condition  is  natural,  indeed,  in  the  Ram. — The  Ovitrtf 
undergoes  much  less  alteration,  either  iu  its  intimate  structure,  or  in  its  position. 
Its  efiereat  canal  (which,  as  just  stated,  is  not  the  representative  of  the  vas  de- 
ferens of  the  male)  remains  detached  from  it,  having  a  free  terminal  aperture, 
and  thus  constituting  the  Fallopian  tube.  The  i'trnts  (which  was  formerly  sup- 
posed to  be  formed  by  the  coalescence  of  the  Fallopian  tubes),  is  now  known  to 
be  derived,  like  the  Vot/tna,  from  the  genital  portion  of  the  *  uro-genital  sinus' 
(§  904),  which  ia  formed  exactly  on  the  eame  plan  in  both  sexes  alike,  at  an 
early  period  of  fcctal  development,  and  receives  at  its  upper  extremity  the  termi- 
nations of  the  Fallopian  tubes.  In  the  Female^  this  canal  increases  in  exze;  and 
a  marked  separation  is  established  between  its  lower  or  vaginal  portion  and  its 
upper  or  uterine  portion.  The  former  opens  into  the  undivided  portion  of  the 
uro-gi>niial  sinus,  which  also  receives  the  terminations  of  the  urethra  and  of  the 
Wolfiiiin  ducts,  and  which  remains  permanently  unclosed.  In  the  Male,  on  the 
other  hand,  the  sitius  genitalis  makes  no  advance  in  development,  and  diminishes 
in  relative  .size ;  so  that  at  the  period  of  foetal  maturity,  it  is  only  discoverable  as 
the  vcsiciiht  prostatica,  which  has  been  supposed  until  recently  to  be  an  appt-n- 
dage  to  the  prostate  gland.  A  transverse  constriction  in  this  canal  mark»-out  its 
vaginal  from  its  uterine  portion ;  the  former  having  exactly  the  same  relation  as 
in  the  female  to  the  terminutions  of  the  urethra  and  of  the  Wolffian  ducts  (vasa 
deferentia)  in  the  '  uro-genital  sinus,'  which  is  subsequently  closed-in,  howev«?r 

'  A  cafe  has  liiteljrc>ccurred within  the  Author's  knowledge  ia  which  both  toetw  recnainvd 
in  th«  abdomen  until  the  tenth  year,  and  then  dsaoended. 
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BO  as  apparently  to  form  a  oontinnation  of  the  urethral  canal ;  and  the  latter,  in 
those  Mummals  whose  females  have  a  '  uteros  bioomis/  exhibiting  a  like  divari- 
cation into  two  lateral  halves.' 

904.  The  history  of  the  development  of  the  external  Organt  of  Generation  in 
the  two  sexes,  presents  matter  of  great  interest,  from  the  light  which  is  thrown 
by  a  knowledge  of  it  npon  the  malformations  of  these  organs,  which  are  among 
the  most  common  of  all  departures  from  the  normal  type  of  Human  oi^nization. 
— Not  only  is  the  distinction  of  sexes  altogether  wanting  at  first;  but  the  con* 
fonnation  of  the  external  parts  of  the  apparatus  is  originally  the  same  in  Man 
and  the  higher  Mammalia,  as  it  permanently  is  in  the  Oviparous  Yertebrata. 
For,  about  the  5th  or  6th  week  of  embryonic  life,  the  opening  of  a  doaca  may  be 
Been  externally,  which  receives  the  termination  of  the  intestinal  canal,  the  ure- 
feexB,  and  the  efferent  ducts  of  the  sexual  organs;  but  at  the  10th  or  11th  week. 

Fie.  282. 


Urinftry  and  GeneratiT«  Organs  of  a  Human  Embryo  meaanring  81  inehei  in  length.  A. 
General  Tiow  of  these  parU :  1,  tnprarenal  capsules ;  2,  kidneys;  8,  orary ;  4,  Fallopian  tube ; 
ft,  Qtems ;  «,  intestine;  7,  the  bladder.  B.  Bladder  and  generaUve  organs  of  the  same  embryo 
riewed  from  the  side:  1,  the  urinary  bladder;  2,  urethra;  8,  uterus  (with  two  comua);  4, 
vagina;  6,  part  as  yet  common  to  the  ragina  and  urethra;  8,  common  orifice  of  the  urinary 
and  generatire  organs;  7,  the  clitoris,  c.  Internal  generatire  organs  of  the  same  embryo: 
1,  the  uterus;  2,  the  round  ligaments;  3,  the  Fallopian  tubes;  4,  the  oraries;  6,  the  remains 
«f  the  'WolflSan  bodies,  n.  External  generatire  organs  of  the  same  embryo :  1,  the  labia  ma- 
Jora;  2,  the  nymphss;  3,  the  clitoris.    After  MiiUer. 

the  anal  aperture  is  separated  from  that  of  the  genito-urinary  canal  or  *uro-geni- 
tal  sinus,'  by  the  development  of  a  transverse  band ;  and  the  uro-genital  sinus 
itself  is  gradually  separated  by  a  like  process  of  division,  into  a  '  pars  urinaria  * 

*  See  Prof.  E.  Weber's  *'  Zuaatte  sar  Lehre  Tom  Bane  nnd  den  Yerriehtongen  der  Geseh- 
leehtsorgane,"  Leiptig,  1846 ;  and  Dr.  Lenckart's  Art  •  Yesicula  ProaUtioa '  in  ••  Cyclop 
ef  ABftt  and  Phosiol.,"  toI.  W.— It  was  soppoaed  by  Prof.  Weber,  that  the  Teaicala  pros- 
tatiea  b  the  homologne  of  the  uterus  alone ;  bat  the  Aothor  considers  it  to  hare  been 
satitftetorily  eatablished  by  the  researches  of  Dr.  Lenckart,  that  it  anawera  to  the  Dterus 
•ad  vadin*  ooq)ointly. 
61 
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snd  a  'pars  gcnitfllis,'  the  former  of  which,  extending  towards  the  urachos,  k 
converted  ioto  the  urinary  bladder.  A  partial  representation  of  this  phase  of  d 
velopnient,  is  found  in  the  pcnnancnt  condition  of  the  Struthions  Birds  and  of 
the  Iinplacental  Mammalia.  The  external  opening  of  this  canal  is  soon  observed 
to  be  bounded  by  two  folds  of  pkin,  the  rudiments  of  the  labia  majors  in  the  fe- 
male, and  of  the  two  halves  of  the  scrotnm  in  the  male ;  whilst  between  and  in 
front  of  these,  there  is  formed  an  erectile  bmly,  surmounted  by  a  plund,  and  ckfl 
or  furrowed  ulong  its  under  surface.  This  body  in  the  female  is  retracted  into 
the  genito-urinary  c^na!,  and  becomes  the  clitoris,  whilst  the  margins  of  it»  for- 
row  are  converted  into  the  nymphao  or  labia  minora;  and  these  bound  the  'atrium 
vaginae'  or  'vefttibule,'  which  receives  the  orifices  of  (be  urethra,  of  the  vagina, 
and  of  Gaertner's  canals  when  they  are  present,  and  which  exactly  repres^ents, 
therefore,  the  'ginus  genitalis'  of  the  early  embryo.  In  the  male,  on  the  other 
band,  this  sinus  is  nearly  closed-in  at  a  very  early  period,  by  the  adhesion  of  the 
two  folds  of  integument  which  bound  it,  forniinp  that  portion  of  the  penito-ari- 
nary  canal  (improperly  termed  the  '  urethra,')  which  receives  the  orifice*  of  the 
veaical  or  true  urethra,  of  the  genital  sinus  (vesicula  prostatic*),  and  of  the  rasa 
deferentia;  the  erectile  body  increases  in  prominence,  and  becomes  the  penis; 
whilst  the  margins  of  the  furrow  at  its  under  surface  unite  (at  about  the  14th 
week),  to  form  the  anterior  conttnaation  of  the  now-contracted  genito-urinary 
canal,  which  is  comraouly  termed  the  eponpy  portion  of  the  urethra. 

905.  Now  in  a  large  proportion  of  capes  of  so-called  Hmnaphroditfm,  there  has 
been  either  a  want  of  completeness  in  the  development  of  the  Male  organs,  bo  that 
they  present  a  greater  or  less  degree  of  resemblance  to  those  of  the  female;  or  tbi^^H 
developmental  process  has  gone-on  to  an  abnormal  extent  in  the  Female  orgaa^^^f 
BO  that  they  con>e  to  present  a  certain  degree  of  resemblance  to  those  of  the  male. 
— One  of  the  most  common  malformations  of  the  male  organ  is  '  hypospadias,'  or 
an  abnormal  opening  of  the  urethra  at  the  ba^e  of  the  penis,  arising  from  incom- 
pleteness in  the  closure  of  the  edges  of  its  original  furrow.  But  when  the  deve- 
lopmental  process  has  been  checked  at  an  earlier  period,  the  urogenital  sinus  may 
retain  more  nearly  its  original  character,  and  may  have  a  wide  external  oj)eniDg 
beneath  the  root  of  the  penis,  so  as  to  resemble  the  female  vagina,  whilst  the 
penis  is  itself  destitute  of  any  trace  of  the  urethral  canal;  in  some  of  these  cases, 
again,  the  testes  have  not  descended  into  the  scrotum;  whilst  the  absence  of 
beard,  the  shrillness  of  the  voice,  and  the  fulness  of  the  mammar^  have  contri- 
buted to  impart  a  feminine  character  to  these  individuals,  their  male  atfribatca, 
however,  being  determined  by  the  srviint/vroug  character  of  the  essential  organs, 
the  testes.' — In  ihe  /emale  organs,  on  the  other  hand,  a  greater  or  less  degree  of 
resemblance  to  those  of  the  male  may  be  produced  by  the  enlargement  of  the  cli- 
toris, by  its  furrowing  or  complete  perforation  by  the  urethra,  by  the  closure  of 
the  entrance  of  the  vagina  and  the  cohesion  of  the  iabia,  so  as  to  present  a  like- 
ness to  the  Tinfispured  perineum  and  scrdlum  of  the  male,  by  the  descent  of  the 
ovaries  through  the  inguinal  ring  into  the  position  of  ihe  male  testes,  and  by  the 
imperfect  development  of  the  uterus  and  mammae;  with  these  abnormalities  are 
usually  associated  roughness  of  the  voice  and  growth  of  hair  on  the  chin,  and  ft 
psychical  character  more  or  less  virile. —  True  Hermaphrodism,  in  which  there  is 
an  absolute  combination  of  the  essential  male  and  female  organs  in  the  same  in- 
dividual, is  comparatively  rare.  It  may  occur  under  the  forma  of  laternl  herma- 
phrodism, in  which  there  is  a  genuine  ovary  on  one  side  and  a  testis  on  the  other, 
in  which  case  the  external  organs  are  usually  those  of  a  bypospadiao  male  ;  frant- 
i-erte  hermaphrodism,  in  which  theextema!  and  internal  organs  do  not  correspond, 
the  former  being  male  and  the  latter  female,  or  vice  vertO, ; — and  double  or  verti^ 
'•al  hermaphrodism,  in  which  the  proper  organs  characteristic  of  one  sex  have 

'  The  vnievla  praitcfira  hna  preppnted  nn  nnnsnal  development  in  some  of  thwe  esMs; 
see  I'rof.  VVeljer  (loc.  lii.),  and  Prof,  Thcile's  •Account  of  a  Case  of  Hypospadias,'  ia 
••  Alililer's  Arctiiv.,"  18-17. 
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existed,  with  tbe  addition  of  some  of  those  of  the  other;  this  is  the  rarest  of  all, 
and  it  is  not  certain  tlbat  the  coexistence  of  testes  and  ovaria  oo  the  same  side  has 
ever  been  observed  ia  the  Human  species.' 

906,  We  have  now  to  follow  the  course  of  the  development  of  the  principal 
organs  of  Animal  life  ;  and  shall  first  notice  that  of  the  S/crleton. —  We  have  seen 
that,  in  the  embrjo  of  the  Vertehrated  otiiirral,  the  future  vertebral  column  is 
marked-out  at  an  earlier  period  than  any  other  permanent  organ(§  889);  and 
that  iudications  of  a  division  into  vertebrae  ore  very  speedilj  presented  in  the 
embryo  of  the  higher  cloiKEes.  The  earliest  fonnafion,  however,  ia  one  of  which 
we  recoc;ni/:e  no  traces  in  the  adult  condition  of  Man ;  namely,  a  longitudinal 
column,  tapering-off  to  a  point  at  the  cranial  and  caudal  extremities  of  the  em- 
bryo, and  occupying  the  place  of  the  future  bodies  of  the  vertebrae.  This,  which 
is  termed  the  ^chorda  dorsalis,'  ts  of  gelatinous  consistence,  and  is  composed  en- 
tirely of  cellf) ;  it  is  enclosed  in  a  siteath,  which  gradually  acquires  the  structure 
of  a  fibrous  membrane,  and  which  also  invests  the  neural  axis  itaelf;  and  this  con- 
dition ia  persistent  in  the  Amphioxus  and  the  Myxinoid  Fishes,  which  have  never 
any  other  spinal  column  than  the  chorda  dorsalia.  The  vertebno  eeem  to  be  de- 
veloped, in  the  inferior  Vertebrata,  in  the  fibrous  sheath  of  the  chorda  dorsalis; 
but  in  Birds  and  Mammals,  the  quadrangular  plates  which  show  themselves  at  a 
very  early  period  (^Piate  II.  Fif^.  12),  appear  to  have  an  independent  origin. 
These  gradually  increase  in  number  and  size,  so  as  to  sttrround  (he  chorda  both 
above  and  below  ;  sending  out,  at  the  «ame  time,  prolongations  from  the  inferior 
surface,  to  form  the  arches  destined  to  enclose  the  Spinal  Cord  or  neural  axis, 
which  are  hence  termed  by  Prof.  Owen  the  neural  archfg.  In  this  primitive  con- 
dition, the  body  and  arches  of  each  vertebra  are  formed  by  one  piece  on  each  side ; 
and  these,  becoming  cartilaginous,  are  united  inffriorly  by  a  suture,  so  as  to  en- 
close the  chorda  in  a  sort  of  case  formed  by  the  bodies  of  the  vertebrae,  which  are 
still  hollow,  allowing  the  aegnients  of  the  chorda,  partially  separated  from  each 
other,  to  communicate  together:  this  condition,  also,  remains  persistent  in  certain 
of  the  Cartilagiooud  Fishes.  With  the  concentric  growth  of  the  bodies  of  the 
vertebrae,  however,  the  chorda  doraalis  gradually  wastes,  and  at  last  disappears; 
but  previously  to  its  di:»appearaoce,  the  ossification  of  the  bodies  and  neural  arches 
of  the  virtt'!<  .e  begins,  the  former  from  a  single  point  on  the  median  line,  the 
latter  by  sK-parute  points  on  the  two  sides. 

907.  The  complete  topical  verlebra  (Fig.  233,  A)  essentially  consists,  according 
to  Prof.  Owen,"  of  the  ctnlrum,  around  which  are  arranged  four  arches  enclosed 
by  processes  in  connection  with  it :  viz.,  superiorly,  the  neural  arch,  which  encloses 
the  neural  axis,  and  is  formed  by  a  pair  of  '  neurapophj'ses '  (n,  n)  and  a  '  neural 
spine '  (w  s);  inferiorty  the  hatmal  arch,  which  is  in  like  special  relation  with  the 
centres  of  the  circulation,  but  may  be  expanded  around  the  Visceral  cavity  gene- 
rally, and  which  is  formed  of  a  pair  of  ;  hffimapophyses '  (A,  /t)  and  the  '  hsemal 
spine*  {h  t)  ;  and  two  hitertii  arches,  encl<wiup  vascular  canals,  which  are  bounded 
by  the  '  diapophyses '  (d,  d')  and  the  '  parapophygea '  (p,  p),  and  are  completed 
by  the  '  ph-urapophyses  '  (pf,  pO-  Of  these  elements,  the  centrum  is  the  most 
constant ;  and  next  to  these  are  the  neural  arches,  which  we  find  in  every  part  of 
the  vertebral  column  through  which  the  neural  axis  passes,  and  which  are  enor- 
mously developed  in  the  cranial  segments,  in  accordance  with  the  high  develop- 
ment of  their  nervous  mass.  The  ban^mal  arches  are  often  almost  entirely  deficient, 
as  in  the  cervical  and  lumbar  vertebrae  of  Man  and  the  Mammalia;  but  in  the 
dorsal  vertebne  they  are  very  largely  developed,  and  the  elements  of  the  lateral 
arches  are  brought  into  connection  with  them,  so  as  to  form  the  enclosure  of  the 
▼isceral  cavity  {Vig.  233,  b).    From  the  pleurapophysea  are  oocaaionally  developed 

'  Oo  tbi§  subject,  »ee  Frof.  Simpson'i  Article  '  Hermaphrodiim^  in  th«  "Cyclop,  of  Anat. 
and  Phjrs.,"  vol.  ii. 

*  8e«  hia  "  Archetjrpe  Skeleton,"  hit  "  Lecture*  oa  Comparative  Anatotnj,"  vol.  ii.,  and 
'te  "  Diaoourfte  on  the  Nature  of  Limbs." 
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a  pair  of  '  diverging  appendapes  '  (a,  a),  -which  arc  well  seen  in  the  ribs  of  Birxis; 
aud  these  are  considered  bj  Prof.  Owen  to  be  tbe  fuDdatuental  elements  of  the 

Fio.  233. 
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Element!  of  a  Vertebra  aecordisif  to  Prof.  Owen: — A,  Ideal  topical  rertebre : — ■,  actual  tho- 
racic Tertebra  of  a  Bird  : — r,  centrum,  jptTing-ofl'  d,  d,  the  dinpopbyse^i,  anH  p,  p,  the  pnrape> 
pfayisa;  the  ocurn]  arch,  enclojiing  ttio  spinal  cord*,  is  formed  by  n,  n,  the  neurapopbyi 
and  n,  t^  (be  neural  »pine  ;  the  baemal  arrb,  eneloKin^  the  great  centrei  of  the  circulation,  it 
furmed  by  A,  h,  tlhe  heeiDBpnphy»es,  and  h,  a,  ibr  ha^tnal  rpino.  From  both  tbc  neurapopby- 
ses  and  ho-tDBpnipbyiicg  mny  be  given-off  tbc  ryjirnpriphysea,  c,  (.  The  lateral  arches,  which 
may  enclose  the  vertebral  arlerieji  o,  o,  ere  completed  by  the  pleurapopby»e«,  />/;  the»«  an  ■ 
are  bent  dovDwardt,  ao  as  to  form  part  of  the  bsmal  arch,  and  give-off  the  diverging  appen- 
dages, A,  O. 

bones  of  the  'extremities'  or  *  limbs/  those  of  the  anterior  eitremity  being  the 
diverging  appondngea  of  the  occipitn!  vertebra  (§  908),  and  those  of  the  posterior 
eztremitj  stauding  in  the  Bame  relation  to  one  of  the  sacral  vertebrse.' — The  ex- 
tremities lualte  their  first  appearance,  ia  all  Vertebratai  as  leaf-like  eleTationa 
from  the  parietes  of  the  trunk  (Fig.  228,  9  y,  r  r);  those  peculiarities  of  form  bj 
which  they  are  adapted  to  specialities  of  fanction,  being  determined  bj  subse- 
qaent  proccs.'^es  of  development.  Thus  in  the  Human  fcptus,  the  fingers  are  at 
first  united  by  the  primitive  blastema,  as  if  webbed  for  swimming;  but  this,  as 
Prof.  Miiller  jusily  remarks,  is  less  to  be  regarded  as  en  approximation  to  the 
form  of  the  extremity  characteristic  of  aquatic  animals,  than  as  the  primitive  and 
most  general  form  of  the  hand,  the  individual  parts  of  which  subsequently  becoma 
more  eompletcly  isolated  in  such  animals  as  require  to  use  them  separately. 

908.  It  is  in  the  cranial  segments,  that  the  Vertebral  elements  undergo  their 
most  remarkable  tranaformntioos,  the  departure  from  the  'archetype'  being  more 
complete  in  Man  than  in  any  other  animal ;  so  that  it  is  only  by  tracing  them 
through  their  simpIcHt  to  their  most  complicated  forms  and  arrangements,  that 
the  true  nature  of  the  latter  can  be  elucidated.  —  The  number  of  the  segments 
entering  into  the  skull  has  been  a  subject  of  much  discussion  among  those  who 
adopt  the  'vertebral  theory'  of  its  composition:  but  Prof.  Owen  agrees  with 
Oken  (the  original  propounder  of  that  theory)  in  fixing  the  number  at  four, 
which  corresponds  with  that  of  the  primary  divisions,  succeeding  each  other  in  a 

'  The  beautiful  cba^n  of  reitftoning  by  which  this  position  is,  in  the  Author'i  opiaion, 
irrefutnbly  established,  ia  cotitnined  in  the  works  of  Prof,  Owen  already  referred-lo;  a 
■ketch  of  it,  and  of  Ibe  whole  •  Vertebral  Theory,'  will  be  found  in  the  Author's  "  Prinoi- 
plea  of  General  Physiology.*' 
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linear  Beries,  that  are  distinctly  marked-out  in  the  early  development  of  the  En> 
oephaloQ,  namely  (proceeding  from  behind  forwards),  the  Epencephalon,  the 
Mesencephalon,  the  Prosencephalon,  and  the  Rhinenoephalon  (§  909) ;  and  also 
corresponding  with  the  number  of  the  nerves  of  special  sense,  the  Aaditory, 
Oustative,  Optic,  and  Olfactory,  which  issue  from  this  part  of  the  neural  axis 
with  the  same  segmental  regularity  that  the  ordinary  sensori-motor  nerves  du 
elsewhere. — Under  the  guidance  of  the  unerring  light  of  Comparative  Anatomy 
and  Development,  the  composition  of  the  Cranial  portion  of  the  skull— oonsist- 
ing  of  the  bodies  and  neural  arches  of  the  four  cranial  vertebrse  —  has  been  de- 
termined by  Prof.  Owen  as  follows,  each  of  the  '  elements '  enumerated  being 
marked  as  distinct,  by  the  separateness  of  its  Centre  of  Ossification. 

[Fia.S34. 


Pwietal  Sagment;  or,  Vertebra— Man.] 

TABLE  L 
CompotUion  of  th«  Neural  Arehu  of  the  CfranitU  Vtrttira,  in  Man. 
L  Epbhciphauo  oa  Occipital  Ysetsbba. 

CmUrum  ;  Basi-oocipital  portion  of  the  Ooeipital  bone. 

Paravovkuta  *     f  C^^^'^^'^  ">^  ^*  lateral  or  condyloid  portions  of  the  Occipital 

JVeura^MwMt*  \     ^°*>  ^*  parapophyses  being  marked  by  the  soabroas  ridge 

jfmrapopnyta ,    ^     giTine  attachment  to  the  rectus  If  teralis  mosde. 

Neural  Spmt;  Proper  Occipital  bone. 

IL  UaaiHoiPiiALio  os  Pabistal  Vibtibba. 

CeHtrum;  Basi-sphenoid,  or  body  of  the  posterior  or  spheno-temporal  part  of  the 

Sphenoid  bone. 
Parapcphyees ;  Mastoid  portion  of  the  Temporal  bones. 
Neurapophyies  ;  Great  wings  of  Sphenoid  bone,  or  Ali-sphenoids. 
Neural  ^^ae;  Parietal  bones. 

ni.  Pbosmobphauo  OB  Fbohtal  Vzbtbbba, 

Ceatrum ;  Pre-sphenoid,  or  body  of  the  anterior  or  spheno-orbital  part  of  the 

Sphenoid  bone. 
Parapophytet ;  External  angnlar  processes  of  Frontal  bone  (the  post-frontals  of 

Fishes). 
Neurapophyeu ;  Small  wings  of  Sphenoid  bone,  or  Orbito-sphenoids. 
Neural  Spine;  Frontal  bone. 

IV.  BamBOBPHALio  ob  Nasai  Vbbtbbba. 

Centrum;  Vomer. 

Neuraptmkyeei ;  Ossa  plana  of  Ethmoid  bone. 

Neurat  Spits  ;  Nasal  bones. 
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[Id  (connection  ifith  tbe  foregoing,  we  baTO  two  oasifi^d  '  sense-capsulM ;'  ftt 
Auditory  forming  the  petrotMil  portion  of  Uie  Tempornl  lioue ;  anil  tbe  Tianl 
forming  the  principal  part  of  the  Etlinioid  bone  witii  the  Turbinate  boot*.] 

The  mode  in  trhicb  tbe  bones  of  the  Face  anii  of  some  other  parts  are  fomved 
from  (he  heemal  or  vi$ceral  archet  of  the  cratiiai  vertebrae,  irill  be  seen  from  the 
following  table. 

TABLE  II. 

Composition  of  the  tieemal  Arehtt  of  the  Cranial  Virtebrte^  m  3tan 

L  Efixcbphalic  ob  Occipital  YEBTSBaA. 

PleurapophyteM  :  Scapalce. 

Diverging  Appendagu ;  Bones  of  Ann,  Fore-nnn,  and  Hand. 

Hamapophytt ;  Coracoid  processes  of  Scnpulie    (Coracoid  bones    of  Oriparout 

Vertebral*), 
Baemal  Spint;  Deficient. 

[The  ClaTiclea  flnd  first  segment  of  the  Stemnm,  which  complete  the  Scapular- 
arch  in  the  Slftmmftliiv.  are  regarded  by  Prof.  Owen  as  the  hn^mapopbyaee  aa<S. 
btemal  »pine  of  the  Alias,  or  highest  vertebra  of  the  trunk.] 

n.    MiSXXCKPHALIO  OB  PaBIBTAL  VkBTBBBA. 

PleurapophyttM  ;  Styloid  processes  of  Temporal  bone. 
Diverging  Appendage* ;  Greater  comna  of  Hyoid  bone,  or  Tbjro-hjala. 
Hcemapophytu ;  Lesser  cornua  of  Hyoid  bone,  or  Cerato-hyahs. 
Soemal  Spint;  Body  of  Uyoid  bone. 

IIL  Paosxkospbalio  ob  Fkoktal  Ybbtibba. 

Pleurapophytei ;  Tympanic  portion  of  Temporal  bone. 
Diverging  Appendage* ;  Deficient. 

Heemtipopkyte*  ;  Arlicnlar  portion  of  Inferior  Maxilla. 
Hamal  Spine ;  Dental  portion  of  Inferior  Mazills. 

IT.   B.BINK1ICRPHAJ.I0  OB  NaSAL  YbBTIBBA. 

Plfurapnphytea ;  Palatine  bones. 

Diverging  Appendages ;  Pterygoid  and  Malar  bones,  with  squamosal  and  lygo* 

malic  portions  of  Tcmperal  bones. 
Harmapophyiea ;  Superior  Maxillary  bones. 
JJdmal  Spine  ;  Intermaxillary  bones. 

Thus  we  see  that,  in  the  anterior  segment,  we  have  the  highest  development  of 
the  Viscenil  portion,  co-existing  with  the  lowest  development  of  the  Nearal; 
this  last  being  obviously  related  to  the  comparativelj-low  development  of  the 
ganglionic  muas  which  it  is  destined  to  protect.  —  The  development  of  the  soft 
parts  of  the  face  takcs-pkce  in  conformitj  with  that  of  the  vertebral  segments; 
these  being  formed  by  'visceral  arches'  which  meet  on  the  median  line  (Fig 
228,  r,  d d)i  and  the  knowledge  of  tbia  fact  enables  us  to  explain  tho8«  conge- 
nital malfurmationB  which  result  frotn  want  of  iinio&  of  the  two  halves  on  tbe 
median  plane,  such  as  cleft-palate  and  hare-lip. 

909.  Within  the  Cranio-.spina!  canal  thus  formed,  the  rudiment  of  the  Cere- 
bro-spinal  axis  is  found,  at  first  under  a  very  different  aspect  from  that  which  it 
eubspquently  presents,  ospeciallj  aa  regards  the  relative  proportion  of  its  different 
segments.  The  Encephalon,  at  about  the  6th  week,  is  seen  as  a  series  of  vesi- 
cles arranged  in  a  line  with  each  other  (Fig.  235) ;  of  which  those  that  represent 
the  Cerebrum  (t)  are  the  smallest,  whilst  that  which  represents  the  Cerebellum 
(rf)  is  the  largest.  The  latter  (or  Epcnct^hahn),  as  in  Fishes,  is  single,  cover- 
ing the  fourth  ventricle  on  the  dorsal  surface  of  the  Medulla  Oblongata.  An- 
terior to  this  is  the  single  vesicle  (a)  of  the  Corpora  Quadrigemina  (or  Afetencc- 
phalon),  from  which  the  optio  nerves  partly  arise;  this  has  in  its  interior  a 
cavity,  the  ventricle  of  Sylvius,  which  is  persistent  in  the  adult  Bird,  though 
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Human  Embryo  of  sixth  w««k,  enlarged 


obliterated  \n  the  adult  Mammal.  In  front  ot  tbis  b  the  vesicle  (c)  of  the  TliirJ 
Ventricle  (or  Deutfiicrphafun),  which  also  coataiiis  the  Thahuui  Optioi ;  aa  de- 
velopment proceeds,  this,  like  the  preceding, 
is  covered  by  the  enbrged  Hemispheres;  wbibt 
its  roof  becomes  cleft  anteriorly  on  the  median 
line,  so  as  to  communieate  with  the  cavities 
which  they  include.  Still  more  anteriorly  (6) 
is  the  double  vesicle  (or  Pi-osenfephafon}  which 
ropresctits  the  hemispheres  of  the  Cerebrum  j 
this  has  a  cavity  on  cither  side,  the  floor  of 
which  is  formed  by  the  Corpora  Striata,  and 
wbii'b  has  at  first  no  opening  except  into  tbe 
third  ventricle;  the  'fissure  of  Sylvius' 
(which  enables  the  membranes  of  the  brain  to 
be  reflected  into  the  lateral  ventricles)  being 
formed  at  a  later  period.  The  Rhinenccphalon 
(coQsi:^ting  of  the  Olfactive  ganglia)  is  seldom 
distinctly   marked-out  in  the   early  stage  of 

development  of  the  higher  Yertebrata,  though  about  three  times:  a,  Tetie]«  of  Oorpora 
very  obvious  in  that  of  Fishes. — Thus  in  the  Quadriireniia*;  fc,  ▼c»iolo  of  Oerebr*!  H«. 
small  proportion  which  tbe  Cerebral  llemis-  ^in>h"'^,;^  re,icle  of  Third  Ventriel^f 
pheres  bear  to  the  other  parts,  in  the  absence  oblongato;  *.  mdiiory  Te»iclo;  /.  oir.o- 
of  cuDVolutiona,  in  the  deScieney  of  commis-  torjfoaia;  A, lrv«r;  **  caudal  extremity, 
sures,  and  iu  the  general  siiuplieily  of  struc- 
ture of  the  whole,  there  is  a  certain  correspondence  between  the  brain  of  the 
Human  embryo  at  this  period,  and  that  of  a  Fish  ;  but  the  resemblance  is  much 
stronger  between  tbe  /teiui  brain  of  the  Fish  and  that  of  the  Mammal ;  indeed 
at  this  early  period  of  their  formation]  tbe  two  could  scarcely  be  diutinguisbed; 
Bad  it  is  the  large  amount  of  change  which  tbe  latter  undergoes,  as  compared 
with  the  former^  that  causes  the  wide  dissimilarity  of  their  adult  forms. 

910.  At  about  the  Vlth  week,  we  find  the  Cerebral  Hemispheres  much  in- 
creased in  sixe,  and  arohiiig-baok  over  the  Thalami  and  Corj)ora  Quadrigemina 
(Eig-  236);  atill,  however,  they  are  destitute  of  convolutioaa,  and  ore  iiuperfectlj 

Fte.  236. 


^..J 


Bnun  of  Human  Embryo  at  twelfth  week,  x,  leen  from  behind;  B,  lide  rieir;  c,  sectional 
riew  ;— <i,  corpora  quadrigemioa;  &&,  heraispherea  ;  d,  cerebellum;  <,  medulla  oblongata;/*, 
optia  ibalamai;  <;,  floor  of  tbi^-d  ventricle ;  i,  olfactory  nerve. 

connected  by  commissures  j  and  there  is  a  large  cavity  yet  existing  in  the  Coi- 
pora  Quadrigemina,  which  freely  communiLOtcs  with  the  Third  Ventricle.  In 
all  tbc'tie  particulars,  there  is  a  Strang  analogy  between  the  condition  of  the  brain 
of  the  Human  embryo  at  this  period,  and  that  of  the  Bird. — Up  to  the  end  of 
the  3d  month,  the  Cerebral  Hemispheres  present  only  tbe  rudiments  of  anteriot 
lobes,  and  do  not  pass  beyond  that  grade  of  development  which  is  permanently 
characteristic  of  the  Marsupial  Mammalia,  the  Thalami  being  still  but  incom- 
pletely coverrd-in  by  them.  During  the  4th  and  part  of  the  5th  months,  how- 
ever, the  middle  lobes  are  developed  from  their  posterior  aspect,  and  cover  the 
Corpora  Quadrigemiua;  and  the  pu^tcrior  lobes,  of  which  ihere  was  no  previous 
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rudiment,  subsequently  begin  to  sprout  from  the  back  of  the  midtlle  lobes,  re- 
inclining  pcpamted  from  tbein,  however,  by  a  distinct  furrow,  even  in  the  braio 
of  the  mature  foetus,  and  sometlraes  in  that  of  older  persons.  In  these  and  other 
particulars,  there  is  a  very  cloee  correspondence  befween  the  propreeeive  stages 
of  development  of  the  Human  Cerebrum,  and  those  which  we  encounter  id  the 
ascending  series  of  Watuuialia.' 

911.  The  deveJopment  of  the  two  principal  Organs  of  Sense,  the  Eje  and  the 
Ear,  has  been  made  the  subject  of  careful  study  (in  the  Chick)  by  Mr.  H.  Gray.* 
— ^The  developraeut  of  the  £ye  commences  by  a  protrusion  from  the  posterior  part 
of  the  anterior  cerebral  vesicle,  representing  the  *  vesicle  of  the  thalanii  optici,* 
which  h  at  that  time  hollow;  and  the  cavity  of  the  protrui^ion  is  continuous 
with  that  of  the  vesicle  itself,  which  remains  as  the  'third  ventricle.'  This  pro- 
trusion is  lined,  like  the  cerebral  vesicle,  with  granular  matter,  which  pradually 
becomes  dintinctly  cellular,  forminp  a  layer  of  a  truly  ganglionic  character,  and 
whilst  this  change  is  taking  place,  the  protriuiion  increases,  becomes  pear-shaped, 
and  is  at  last  connected  only  by  a  narrc>w  pedicle  with  the  vesicle  from  which  it 
sprang.  This  pedicle  closes-up,  ao  as  completely  to  separate  the  two  cavities; 
snd  the  one  which  has  been  thus  budded-forth  constitutes  the  rudiment  of  the 
eye,  whilst  the  other  goes-on  to  form  the  ganglinnio  bodies  at  the  base  of  the  cere- 
brum, the  connecting  pedicle  becoming  the  optic  nerve,  which  connects  the  retina 
with  its  ganglionic  centre.  The  spherical  extremity  of  the  protrusion  is  absorbed, 
and  the  retina,  or  vesicular  lining,  becomes  attached  to  the  margin  of  the  lens, 
which  is  in  the  mean  time  developed  in  the  interior  of  the  cavity,  and  is  at  first 
completely  surrounded  by  the  retina.  The  formation  of  the  Coats  of  the  eye 
takes-place  subsecjuently ;  the  dovclopmcnt  even  of  the  '  fibrous  lamina  '  and  of 
the  *  membrana  Jacobi '  of  the  Retina  itself,  not  proceeding  until  after  its  cellular 
layer  has  been  very  distinctly  formed.  It  is  a  curious  circumstance,  and  one  not 
very  easy  to  account  for,  that  the  development  of  the  Eye  should  commence  from 
the  Deutencephalic  and  not  from  the  Mesencephalic  vesicle;  as  it  is  in  the  latter 
that  the  proper  'optic  ganglia*  originate,  with  which  the  optic  nerves  come  at 
last  to  have  their  principal  connection,  their  connection  with  the  '  thalami  oplici* 
being  much  less  close. — The  Auiliior^  apparatus  takes  its  origin  in  a  portion  of 
the  Epenoephalic  vesicle,  which  protrudes  on  either  side  ;  its  cavity  at  first  com- 
municating with  that  of  the  vesicle,  which  remains  permanent  as  the  'fourth  ven- 
tricle.' As  its  protrusion  increases,  it  becomes  elongated  and  pear-shaped,  and  is 
only  connected  with  the  central  mass  by  a  pedicle  whose  canal  gradually  cluses-up ; 
the  sac  thus  cut-off  becomes  the  vestibular  cavity,  and  the  pedicle  the  auditory 
nerve.  At  first  there  is  no  vestige  either  of  cochlea,  serai-circular  canals  or  Ivm- 
puuio  apparatus;  but  the  sac  presents  the  simple  character  which  it  permanently 
retains  in  the  Cephalopoda  and  the  lower  Fishes.  Gradually,  however,  the  semi- 
circular canals  are  developed,  by  a  contraction  and  foldiug-in  of  the  walls  of  the 
vestibular  sac;  and  the  cochlea  is  probably  formed  as  an  offset  from  it.  At  the 
game  lime,  the  formation  of  cartilage,  and  subsequently  of  bone,  takes  place 
around  the  auditory  sac  and  its  prolongations,  forming  the  '  sense-capsule,' which, 
in  the  higher  Vertcbrata,  coalesce  with  the  vertebral  elements  to  form  the  tem- 
poral bono.  It  is  very  interesting  to  remark,  that  the  membranoui  labyrinth, 
between  the  eighth  and  thirteenth  days  in  the  Chick,  has  a  structure  almost 
precisely  similur  to  that  of  the  rethial  fxpann'on  of  the  name  period;  consisting, 
like  it,  of  a  distinct  but  very  delicate  fibrous  mesh,  in  the  spaces  between  which 
are  deposited  a  quantity  of  granular  matter  and  numerous  nucleated  celii*,  whilst  it« 
exterior  is  composed  of  a  dense  mass  of  nuclei,  almost  precisely  analogous  to  the 
granular  particles  which  form  a  large  part  of  the  entire  substance  of  the  retina. 

912.  0/  Scjc. — Although  nothing  is  known  of  the  conditions  on  which  the  dif- 

'  Sec  an  account  of  the  observations  of  Prof.  Rotzius  on  the  Development  of  the  Cere- 
•»riira,  in  the  •'  .Archives  d'Anutoinie  Gdn^rnle  ct  de  Phjeiologie,"  1846 
*  "  Pbiloaophical  TranBaotloDs,"  1860. 
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ferentlation  of  Sex  immedbtely  depends,  yet  there  is  strong  statistical  evidencu 
ihftt  tlie  relative  numbers  of  Males  and  Females  are  in  eome  wny  influenced  by 
ihe  reUfive  atjrt  of  the  parents.  The  following  table  expresses  the  average 
results  collected  by  M.  Hofacker '  in  Cierniany,  and  by  Mr.  Sadler*  in  Britain; 
between  which  it  will  be  seen  that  there  is  a  very  striking  general  corresponrl. 
ence,  allhoup;h  both  were  drawn  from  a  too-limited  series  of  observations.  The 
nuQibers  indicate  the  proportion  of  Male  births  to  100  Females,  under  the  several 
coudltions  mcationcd  in  the  first  column  : — 

Hofarker. 


I 

I 

I 

I 


Father  jounger  thftn  Mother 90-G 

Father  and  Mother  of  equal  age..     9Q-0 

Father  older  b;  1  to  6  yeara. 103-4 

6  to  9 124  7 

••  <•  ©  to  18 H37 

"  "  18  and  more 200  0 


Sadler. 

Fftther  yonnper  thivn  'Mother 86-5 

Father  and  Mother  of  equnl  age..  04-8 

Father  older  by  1  to  %  years 103-7 

6  toll.. 126-7 

"          ••          11  to  16 147  7 

"          "          16  and  more 163-2 


From  this  it  appears,  that  the  more  advanced  age  of  the  Male  parcTit  hns  a  very 
decided  influence  in  occasioning  a  preponderance  in  the  number  of  Male  infants; 
Bod  til  is  tullies  with  the  fact,  that  taking  the  average  of  the  whole  of  Europe, 
over  which  (as  a  general  rule)  tbe  state  and  customs  of  society  bring-about  a  de- 
cided preponderance  of  age,  among  married  couples,  nn  the  side  of  the  husband, 
the  proportion  is  about  106  males  to  100  females.  This  dofa  not  hold  good,  how- 
ever, in  regard  to  iUetfkimate  offspring,  the  parents  of  which  may  generally  be 
presumed  to  be  more  nearly  on  an  equality  in  this  respect;  and  it  is  curious  that 
the  proportion  of  these  has  averaged  102-5  males  to  100  feniiiles,  in  places 
where  the  proportion  of  Ifijiti-mafe  births  was  105J  males  to  100  females. — We 
are  not  likely  fc)  obtain  data  efjuaily  satisfactory  in  regarl  to  the  inflncoce  of  more 
advanced  age  on  the  part  of  the  Female  parent;  a.i  a  difTerence  of  10  or  15  years 
on  that  side  is  not  so  common.  If  it  exist  to  the  same  extent,  it  is  probable  that 
the  same  law  would  be  found  to  prevail  in  regard  to  Female  children  born  under 
such  circumsliinces,  as  will  be  stated  (§  913)  with  respect  to  the  Male;— nanielv, 
that  the  mortality  is  greater  during  embryonic  life  and  early  infancy,  so  that  the 
preponderance  is  reduced.  Kven  at  birth,  there  is  a  mnnifeet  dtfft'rence  in  the 
phyi'ieal  conditions  of  infants  of  different  sexes ;  for,  in  the  average  of  a  large 
number,  there  is  a  decided  preponderance  on  the  side  of  the  Males,  both  as  to 
the  length  and  the  weight  of  the  body.  And  it  seems  not  improbable  that  this 
difference  has  a  decided  inluence  upon  the  greater  lasa  of  life  in  the  act  of  par- 
turition, which  occurtj  among  Male  infanta.* 

'  "  Anoales  d'Hygifene,"  Oct.  1829.  •  "  Law  of  Populatioo,"  vol.  ii,  p.  843. 

*  [In  Dr.  Sutton's  second  annual  report  relative  to  the  hirths,  marriages  and  deaths  in 
Kentucky,  a  vast  number  of  highly  important  and  inlcreatiug  facts  aro  detailed.  Some  of 
tbe*e  are  briefly  stated. 

The  returns  for  the  twelvo  tnontha  embraced  in  the  report,  give  25,000  births.  This 
give*  0D«  birth  to  every  thirty-iix  of  the  population. 

The  time  of  birth  ranged  aa  follows:  December,  2,747;  November.  2,220;  October, 
2.155;  August.  2,136;  September,  2,112;  March,  2,022:  April,  1.P38;  May,  1,926; 
February,  1,872;  July,  1,801  ;  June,  1,815;  January,  1,776.  For  4S9  births  the  month 
ia  not  stated. 

The  sexes  of  only  24,8i^2  births  arc  reported.  Of  thet«,  18^027  were  males,  and  11,806 
fomalea.  The  greatest  excess  of  male  births  waa  in  March,  which  guve  200,  then  Sep- 
tember, August,  December,  &c.  May  was  tbe  only  month  that  gnve  an  excess  of  female 
births.  These  facts,  with  reference  to  tbe  proportion  of  the  sexes  of  the  new-born,  go  to 
corroborate  the  theory  of  Villcrme,  of  Paris,  and  Dr.  Emerson,  of  Philndeljihia.  This 
theory  is,  that  certain  causes,  as  great  heat  of  summer,  over-working  and  under-foedtng, 
and  prevalence  of  epidemics,  in  short,  whatever  tends  to  depress  the  physical  and  moral 
powers  tends  also  to  diminish  fecundity,  and  reduce  the  excess  of  male  births.  Now  it 
wiU  be  observed  that  the  conoeptloDS  which  took  place  in  August  (the  month  of  the  great- 
est mortaUty)  there  was  an  excess  of  females,  aa  witness  the  births  in  May,  nine  months 
afterward.  Of  the  conceptions  of  September,  (next  to  August  in  mortality)  born  in  June, 
there  was  the  smallest  excess  of  males  —  while  the  conceptions  of  November,  December, 
January.  February  and  March,  gave  a  mate  excess  of  12  per  oeot. — those  of  April,  May, 
August,  September  and  October,  gave  but  5  per  cent 
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I,  The  Lniffth  of  ^he  body  id  fifty  new-born  infanta  of  each  aex,  as  ascerUioed 
by  Quetelet,"  wob  as  follows  : — 

MalM. 

Prom  16  to  17  Inches*  (French) 2 

"     17  to  IB 8 

"     18  to  10 28 

"     19  to  20 12 

"     20  to  21..... 0 

From  these  obBcrvationa,  the  mean  and  the  extremes  of  the  Length*  of  the  maU 
and /ema/e  respectively,  were  calculated  to  be, — 

MatcR.  Fentlea. 

Mintmaoi ». 16  Inohea,  2  I'lDea  16  inches,  2  linM. 

Mean 18  6  18  1^ 

Minimum 19  8  20  6 

Notwithstanding  that  the  maximum  is  here  on  the  side  of  the  Female  (this  beinp: 
an  accidental  result,  which  would  probably  have  been  otherwise,  had  a  larger 
number  been  examined),  the  average  shows  a  difference  of  4J  lines  in  favour  of 
the  Male. 

H.  The  inequality  in  tho  Weights  of  the  two  is  oven  more  remarkable;  the 
observations  of  M.  Quetelet'  were  made  upon  63  male  and  5G  female  infanta. 

InfsoU  wriirliioE  froia  Uala*.       FenuUei.       ToUL 

1  toljkilog.* „ 0 

li  to  2 ^ 0 

2  to2i « 8 

2\  to  8 -.. IS 

8    to  84 28 

8}  to  4 14 

4    to4J 6 

The  extremes  and  means  were  as  follows : — - 

Miaimum. 2-34  kilog. 

Mean 820 

Maximum ,«...„  4*60 

ni.  The  averajie  Weight  of  infants  of  both  sexes,  aa  determined  by  these  In- 
quiries, is  3-05  kiJog.  or  G-77  lbs. ;  and  this  corresponds  almost  exactly  with  the 
statement  of  Chaussier,  whose  observations  were  made  upon  more  tlian  20,000 
infants.  The  mean  obtained  by  hiui,  without  reference  to  distinction  of  sex, 
was  6.75  lbs,  ;  the  maxiuium  beint;  ITS  lbs.,  and  the  minimum  3-2  lbs.*  The 
average  in  this  country  is  probably  rather  higher;  according  to  Dr.  Joseph 
Clarke,*  whose  ioquirica  were  made  on  OO  males  and  GO  females,  the  avera^  of 
Male  children  is  7^  lbs.  j  and  that  of  Fenialt-s  Gj  lbs.  He  adds  that  children 
which  at  tho  full  time  weigh  less  than  5  lbs.,  rarely  thrive ;  being  generally 
feeble  in  their  actions,  and  dying  within  a  sliort  time.  Several  instances  ape  on 
record,  of  iufaots  whose  weight  at  birth  exceeded  15  lbs.  It  appears  that  healtliy 
females,  living  in  the  country,  and  engflged  in  active  but  not  over-fatiguing  oo- 
cupadoDs,  have  generally  the  largest  children ;  and  this  is  what  might  be  expected 
a  priori,  from  (he  superior  energy  of  their  nutritive  functions. 

Thero  wcto  2G5  plurality  ca?ea,  that  i»,  twin  births.  Of  those,  207,  or  one  in  every  98, 
were  whites  ;  B8,  or  one  in  cverj  89,  coloui-ed.  There  were  three  cases  of  triplets,  one 
white  and  two  coloured. 

or  ttlill-birtha,  there  was  one  in  42  among  the  vhites.  and  one  in  31  among  the  coloured. 

The  weight  of  aevernl  children  is  reported,  there  being  a  number  who  weighed  11,  11 J 
uad  11  j  poundii  &t  birth.     One  weighed  H^  pounds,  naked. — £d.] 

'  "  Sur  rHommc,"  tom.  ii.  p.  8. 

■  The  French  inch  is  about  one-fifteenth  more  than  the  English. 

*  Op.  oit,  torn.  ii.  p.  85.  *  The  kilogramme  ia  equal  to  222  lbs.  avoirdupois. 

*  These  numbors  have  been  erroneously  stated  in  many  Physiological  works  ;  owing  to 
the  difference  between  the  French  and  English  pound  not  baring  been  allowed-for. 

*  "  f  hiloBophionl  Traosactiona,"  vol.  Ixxvi. 
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Diagnin  reprMrating  tb«  0omporativ4  Timhilitg  of  tJu  MaU  and  FtmaU  at  diffannt  Ages. 

• 
913.  There  appears  to  be,  from  the  first,  a  difference  in  ihe  Viability  (or  pro- 
bability  of  life)  of  Male  and  Female  childroD ;  for,  out  of  the  total  nnmber  bora 
dead,  there  are  3  Males  to  2  Females :  this  proportion  gradually  lessens,  how- 
ever, during  early  infancy;  being  about  4  to  3  during  the  first  two  months,  and 
about  4  to  5  during  the  next  three  months ;  after  which  time  the  deaths  are 
nearly  in  proportion  to  the  numbers  of  the  two  sexes  respectively,  until  the  age 
of  puberty.     The  viability  of  the  two  sexes  continues  to  increase  during  child- 
hood; and  attains  its  maximum  between  the  13th  and  14th  years.     For  a  short 
time  after  this  epoch  has  been  passed,  the  rate  of  mortality  is  higher  in  Females 
than  in  Males ;  but  from  about  the  age  of  18  to  28,  the  mortality  is  much 
greater  in  Males,  being  at  its  maximum  at  25,  when  tiie  viability  is  only  half 
what  it  is  at  puberty.    This  fact  is  a  very  striking  one ;  and  shows  most  forcibly 
that  the  indulgence  of  the  passions  not  only  weakens  the  health,  but  in  a  great 
number  of  instances  is  the  cause  of  a  very  premature  death.     From  the  age  of 
28  to  that  of  50,  the  mortality  is  greater  and  the  viability  less  on  the  side  of  the 
Female;  this  is  what  would  be  anticipated  from  the  increased  risk  to  which  she 
is  liable  during  the  parturient  period.     After  the  age  of  50,  the  mortality  is 
nearly  the  same  for  both.  —  These  facts  have  been  expressed  by  Quetelet  (Op. 
cit)  in  a  form  which  brings  them  prominently  before  the  eye  (Fig.  287).    The 
relative  viability  of  the  Male  at  different  ages  is  represented  ny  a  curved  line ; 
the  elevation  of  which  indicates  its  degree,  at  the  respective  periods  marked 
along  the  base  line.     The  dotted  line  which  follows  a  different  curve,  represents 
the  viability  of  the  Female.     Starting  from  a,  the  period  of  birth,  we  arrive  at 
the  maximum  of  viability  for  both  at  b:   from  this  p<Hnt,  the  Female  curve 
steadily  descends  towards  n,  at  first  veiy  rapidly,  but  afterwards  more  gradually ; 
whilst  the  male  curve  does  not  quite  descend  so  soon,  but  afterwards  falls  much 
lower,  its  minimum  being  c,  which  oorresponds  with  the  age  of  25  years.     It 
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Biagmia  represenUng  tbe  Comparative  ITef^Jn*  and  WtigKu  of  the  Male  and  Female  at 

differeot  Ages. 

afterwards  asceoda  to  d,  which  is  the  maximum  of  viability  Eub^eqaentlj  to  thi 
aj^e  of  puberty;  this  point  is  attaioed  at  tlie  age  of  30  years,  from  which  peno! 
up  to  50,  the  probability  of  life  is  greater  in  the  Male  than  in  the  Feoiole.  Is 
tbe  decline  of  life,  there  eeeius  little  or  no  difference  for  the  two  sexes. 

914.  Similar  dia^jrama  have  been  coDfitructed  by  Qaetelet,  to  indicate  the  ttlv 
tive  Heights  and  Weights  of  the  two  sexes  at  different  ages  (Fig.  238). — la 
rt'gard  to  Height  it  may  be  observed^  that  the  increase  is  most  rapid  in  the  fint 
year,  and  that  it  afterwards  diminishes  gradually;  between  the  agea  of  5  and  11^ 
years,  the  annual  increase  is  very  regular.     The  difference  between   the   } 
of  the  Male  and  Female  which  has  been  already  stated  to  present  itself  a 
continues  to  increase  during  infancy  and  youth  ;  it  is  not  very  decided,  L 
unlit  about  the  16th  year,  after  which  the  growth  of  the  Fenaale  proce.- 
inach-dimintshed   rate^  whilst  that  of  the  Male  continues  in    nearly  the  ame 
degree,  until   alxiut  the  age  of  19  ypars.     It  appears,  then,   that   the  Female 
comes  to  her  full  developnienl  in  regard  to  ITeight,  earlier  than  does  the  Male. 
It  seems  probable,  from  the  observations  of  Quetelet,  that  the  full   Height  of 
the  Mule  is  not  generally  attained  until  the  age  of  25  years.     At  about  the  ace 
of  50,  both  Male  and  F'emale  undergo  a  diminution  of  their  stature,  which  coo- 
tinues  during  the  latter  part  of  life. — The  proportional  Weirjht  of  the  two  seies 
at  different  periods,  corresponds  pretty  closely  with  their  height.     Starting  froa 
birth,  the  predominance  then  exhibited  by  the  Male  gradually  increases  duriitf 
the  first  few  years;  but  towards  the  period  of  puberty,  the  proportional  weight 
of  the  Female  increases;  and  at  the  age  of  12  years,  there  is  no  difference  he- 
tween  the  two  sexes  in   this  respect.     The  weight  of  the  Male,  however,  thea 
increases  much  more  rapidly  than  that  of  the  Female,  especially  between  the  agw 
of  15  and  20  j'ears;  after  the  latter  period,  there  is  no  considerable  increase  08 
the  side  of  the  Male,  though  his  maximum  is  not  attained  until  the  age  of  40; 
and  there  is  an  absclute  diminution  on  the  part  of  the  Female,  whose  weicrbt  r^ 
mains  less  during  nearly  the  whole  period  of  child-bearing.     After  the  t<:>rmini- 
lion  of  the  parturient  period,  the  weight  of  the  Female   again    undergoes  aa 
increase,  and  its  maximutn  is  attained  at  about  50.     In  old  age,  the  weight  of 
both  sexes  undergoes  a  diminution   in   nearly  the  same  dogroc.      The   averaee 
Weights  of  Male  and  Female  that  have  attained  their  full  developmeuf.  arc  20 
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times  those  of  the  new-born  Infants  of  the  two  sexes  respecttvely.     The  flRighta, 
oil  the  other  hand,  are  about,  3}  tlmesas  great. 

915.  The  chief  differences  in  the  CouiUitution  of  the  two  sexes,  manifest  them- 
selvea  during  the  period  when  the  Generative  function  of  each  is  in  its  greatest 
vigour.  JIany  of  these  distinctions  have  been  alreiidj  alluiJed-to;  but  there  are 
others  of  too  great  iniportauco  to  be  overlooked ;  and  these  chiefly  relate  to  the 
Nervoas  System  and  its  functions.  There  is  no  obvious  structural  difference  in 
Ibe  Nervous  System  of  the  two  sexes  (putting  aside  the  local  peculiarities  of  its 
distribution  to  the  organs  of  generation),  save  the  inferior  size  of  the  Cerebral 
Hemispheres  in  the  Female.  This  difference,  which  '»  "ot  observed  in  other 
parts  of  the  EncephHlon,  ia  readily  accouiited-fnr  on  the  principles  formerly 
jjtated  (§  574),  when  we  compare  the  psychical  character  of  Woman  with  that 
of  Man;  fur  there  can  be  no  doubt  that — putting  aside  the  cxceptioniil  cases 
which  now  and  then  occur — the  iitttJkcfual  powers  of  Woman  are  inferior  to 
those  of  Man.  Her  ijilvittve  powers  are  certainly  greater  than  his;  her  perocp- 
ti^Dsare  more  acute,  her  apprehenMonn quicker;  and  she  has  a  reraarkuble  power 
of  interpreting  the  feelings  of  others,  which  givea  to  her,  not  only  a  much  more 
ready  syuiputhy  with  them,  but  that  facility  in  guiding  her  aetious  so  as  to  be  in 
accoidance  with  them,  which  we  call  tacL  This  tact  bears  a  close  correspondence 
with  the  vttctfiiicious  adapt ipeness  to  particular  ends,  which  we  see  in  Instinctive 
actions.  Notwithstanding  the  superiority  of  her  perceptive  facullie8>,her  capa- 
bility of  sustained  mental  exertinu  is  much  less;  and  though  her  views  are  often 
peculiarly  distinguished  by  the  clearness  and  decision  which  result  from  the 
strength  of  her  intuitive  sense,  they  are  generally  deficient  in  that  comprehensive- 
ness which  brings  the  whoie  case  to  be  judged  of,  and  which  is  cou3e<(ut'Dtly 
necessary  for  their  stability.  With  less  of  valitioval  power  than  3Ian  possesses, 
she  has  the  fyjwlwnfd  in  a  much  stronger  degree.  The  emotions,  therefore,  pre- 
dominate ;  aud  more  frequently  become  the  leading  springa  of  action,  than  they 
are  in  Man.  By  their  direct  influence  upon  the  bodily  frame,  they  product) 
changes  in  the  Organic  functions,  which  far  surpass  in  degree  anything  of  the  same 
kind  that  we  ordiufirily  witness  in  Man  ;  and  they  thus  not  unfrequently  occasion 
syniptoins  of  an  anomafous  kind,  which  are  verj-  perplexing  to  the  Medical  prac- 
titioner, though  very  interesting  to  the  Physiological  observer.  But  they  also 
act  as  p<iwerful  motives  to  the  Will;  and,  when  strongly  callcd-forth,  produce  a 
degree  of  vigour  and  determination,  which  ia  very  surprising  to  those  who  have 
usually  seen  the  individual  under  a  different  aspect.  But  this  vigour,  being  due 
to  tht?  strong  excitement  of  the  Feelings,  and  not  to  any  inherent  strength  of 
Intellect,  is  only  sustained  during  the  persistence  of  the  motive,  and  fails  as  soi»n 
as  this  subsides.  The  feelings  of  Woman,  being  frequently  called-forth  by  the 
occurrences  she  witnesses  around  her,  are  naturally  more  disinterested  than  thosu 
of  Man;  Ai^  energy  is  more  concentrated  upon  one  object;  and  to  this  his  In- 
tellect is  directed  with  an  earnestness  that,  too  frequently  either  blunts  his  feel- 
ings, or  carries  them  along  in  the  same  channel,  thus  rendering  thcra  selfish. — 
In  regard  to  llje  inferior  development  of  her  Intellectual  powers,  therefore,  and 
to  the  predominance  of  the  Instinctive,  Woman  must  be  considered  as  ranking 
below  Man;  but  in  the  superior  purity  and  elevation  of  her  Feelings,  she  is  as 
highly  raised  above  him.  Her  whole  character,  Psychical  as  well  as  Corporeal,  is 
Ix'aatifully  aduptcd  to  supply  what  is  deficient  in  Man;  and  to  elevate  and  refine 
those  powers,  which  might  otherwise  be  directed  to  low  and  selfish  objects. 

5. —  0/  Lactation. 

916.  The  new-born  Infant  in  the  Huinan  species,  as  in  the  clnfw  of  Mammalia 
generally,  is  supplied  with  nourishment  by  a  secretion  elaborated  from  the  blood 
of  its  maternal  parent,  by  certain  glandular  organs  known  as  the  Mammori/. 
The  structure  of  these,  which  hus  beeu  thoroughly  investigated  by  Sir  A.  Conptr' 

'  ''On  tbe  Anatoaij  of  the  Breaat,"  1840. 
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Tbe  Mammary  Gland  after  the  retnoT»l  of  the  skin, 
u  taken  from  the  «uhject  ibrco  days  aAer  deliverer : 
1,  tbe  nirfaoe  of  the  chcut;  2,  rabcutaneooa  fat;  S, 
tbe  skin  covering  the  ginxtd  ;  4,  circuDsferen«e  of  the 
gland;  5,  it«  lobulet  i  eparatod  by  fat ;  6,  the  lactifo- 
roQi  ducts  eonrerginjf  to  unite  in  the  nipple;  7,  the 
nipple  Blightly  raiicd,  and  showing  tbe  openings  of 
tbe  tubes  at  its  extremity. 


A  ▼ertical  section  of  tbe  Mammnj  ] 
Gland,  showittg  its  thickness  and  lb«] 
organs  of  the  lacdferous  duets :  I,  V  ] 
3,  itii  pectoral  surface;  4.  section  of] 
the  skin  on  the  surface  of  the  inland;' 
h,  tbe  thin  skin  covering  tbe  nipplef^ 
6,  tbe  lobnles  and  lobes  composing  thai 
gland  ;  7,  the  lactiferous  tubes  cota«^ 
ing  frotn  the  lobules;  8,  the  saj 
tubes  oollected  ia  the  nipple. 


and  Mt.  Birkett,'  is  extremely  simple.  Each  gland  ia  composed  of  a  naraber  of 
•eparate  glandules,  which  are  connected  together  by  fibrous  or  fascial  tissue,  in 
Bueh  a  miinner  as  to  allow  a  certain  degree  of  mobilitj  of  its  parts,  one  upon  ao- 
other,  which  maj  accommodate  them  to  the  actions  of  the  Pectoralia  muscle 
whereon  they  are  bound-down  ;  and  the  glandules  are  also  connected  by  tbe  rami- 
ficatioDR  of  the  lactiferous  tube?,  which  intermingle  with  one  another  in  such  a 
manner  as  to  destroy  tlie  simplicity  and  uniformity  of  their  divisions,  although 
they  rarely  inosculate.  Tbe  mammillaiy  tubes,  or  termitial  ductis  contained  ia 
the  nipple,  are  usually  about  ten  or  twelve  in  number;  they  are  straight,  but  of 
somewhat  variable  size;  and  their  orifices,  which  are  situated  in  the  centre  of  tho 
nipple,  and  are  usually  concealed  by  the  overiapping  of  its  sides,  are  narrower 
than  the  tubes  thcrasclves.  At  the  base  of  the  nipple,  these  tubes  dilate  into 
reservoirs,  which  extend  beneath  the  areola  and  to  some  distance  into  the  gland, 
when  the  breast  ijj  in  a  state  of  lactation.  These  are  much  larger  in  many  of 
tbe  lower  Mammalia,  than  tbcy  are  to  the  Human  female;  their  use  is  to  sup- 
ply the  immediiLte  wants  of  the  child  when  it  is  first  applied  to  tbe  breast,  m 
that  it  shall  not  be  disappointed,  but  shall  be  induced  to  proceed  with  sucking 
until  the  '  draught*  be  occasioned  (§  833).  From  each  of  these  reservoirs  com- 
mence five  or  six  branches  of  the  lacti/erotts  iube$,  each  of  which  speedily  sub- 
divides into  smaller  ones;  and  these  again  divaricate,  until  their  sixe  is  very 
much  reduced,  and  tbcir  extent  greatly  increased  (Fig.  241).  These,  like  the 
reservoirs  and  mammillaty  tubes,  are  composed  of  a  fibrous  coat  lined  by  a  mu- 
cous membrane  ;  t!ie  latter  is  highly  vascular,  and  forms  a  secretion  of  its  own, 
which  soiaetimea  'collects  in   can<tiderab1e  quantity  when  the  milk  ceases  to  be 

[>roduced.  The  sraaUcr  subdivisions  of  the  Incfiferous  tubes  proceed  to  distinct 
obuli  in  each  glandule ;  bo  that  when  a  branch  of  a  mamniillary  tube  has  been 
filled  with  injection,  its  atffiched  lobules,  if  separated  from  each  other  by  long 
maceration,  are  like  a  bunch  of  fruits  clustered  upon  a  stock  (Fig.  242).  Wbtn 
*  "The  Diseases  of  tbe  Breast,  and  their  Treatment,"  1860. 
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Dlttnbation  of  the  3fUk-d\icU  m  the  Mamma  of  C&e  Ilamaia  Femfela,  doriog  lacUtiaa;  tbe 
ducta  injected  vitb  wax. 

the  lacUferous  tnbea  are  pursued  to  their  ultimate  distribution,  thej  are  found  to 
terminate  in  folliclej),  whose  size,  in  full  la^^tation,  is  that  of  a  hole  pricked  in 
paper  by  the  point  of  a  very  fine  pin,  so  that,  when  distended  witb  quicksilver 
or  milk^  they  are  just  visible  to  the  naked  eje ;  at  other  time?,  however,  the  fol- 
licles do  not  admit  of  being  injected,  though  the  lactiferous  tubes  may  have  been 
completely  filled.  They  are  lined  by  a  cnntinuation  of  the  same  meiubrane  with 
that  which  lines  tbe  duct»;  and  this  possesses  a  high  vascularity.  The  arteries 
which  supply  the  glandules  with  blood,  become  very  large  during  lactation ;  nn<l 
their  divisions  spread  themselves  minutely  on  the  follicles.  From  the  blood 
which  they  convey,  the  milk  is  secreted  and  poured  into  the  folliclea,  whence  it 
fiows  into  the  ductfi.  The  inner  surface  of  the  milk-follicles,  in  eommon  with 
other  glandular  structures,  is  covered  with  a.  layer  of  epitheltum-cella  {Fig.  243), 
as  was  first  observed  by  Prof.  Goodsir;  and  these,  being  seen  to  contain  milk- 
globules,  may  without  doubt  be  regarded  as  the  real  agents  in  tbe  secreting  pro- 
cess. Absorbent  vessels  are  seen  to  arise  in  large  numbers  in  the  neighbourhood 
of  the  follicles  ;  their  function  appears  to  be,  to  absorb  the  more  watery  part  of 
the  milk  contained  in  tbe  follicles  and  tubc»,  so  as  to  render  it  more  nutrient 
than  it  is  when  first  secreted;  and  also  to  relieve  the  distension  which  would 
occur,  during  the  absence  of  the  cbild^  from  the  continuance  of  the  secreting 
process. 

917.  The  Mammary  gland  may  be  detected  at  an  early  period  of  foetal  exist- 
ence ;  being  cosily  distinguishable  from  the  surrounding  parts  by  the  redness  of 
its  colour  and  xia  high  vaseulanty,  especially  when  tlie  whole  ia  injected.  At 
this  period,  it  presents  no  difference  in  the  male  and  female ;  and  it.  is  not  until 
aear  tbe  period  of  puberty  that  any  striking  change  manifeHta  itself^  the  glaod 
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continuing  to  grow,  in  the  one  sex  as  in  the  other,  in  proportion  to  the  body  al 
largo.  At  nbout  the  age  of  tliirieen  years,  however,  the  enlargement  of  lie 
gland  commences  in  the  Female  j  and  by  sixteen,  it  ia  greatly  evolved,  and  sorae 
of  the  lactifiTous  tubes  can  be  injected.  At  about  the  age  of  twenty,  the  gland 
attains  its  full  <iize  previous  to  lactation  ;  but  the  roilk-follicles  cannot  even  then 
be  injected  from  the  tubes.  During  pregnancy,  the  raamms  receive  a  greatly- 
increased  quantity  of  blood.  This  dfitermination  often  commences  very  early,  and 
produces  a  feeling  of  tenderness  and  distension,  which  ia  a  valuable  sign  (where 
It  exists  in  connection  with  others)  of  the  commencement  of  gestation  (§  870). 
A  true  lacteal  secretion  usuaUy  commences  about  the  third  or  fourth  month  of 
pregnancy,  and  may  be  obtained  by  pressure  carefully  applied.  This  may  be 
turned  to  useful  account,  in  diagnosing  cases  of  concealed  or  doubtful  pregnancy 
from  ca^es  of  Finiple  suppression  of  the  catamenia;  but  it  will  not  serve  to  dift- 
tinguish  true  pregnancy  from  spuriousj  or  from  the  distension  of  the  uterus  by 
tumours.'  The  vascularity  of  the  irland  continues  to  increase  during  pregnancy; 
and  at  the  time  of  parturition,  its  lobulated  character  can  be  distinctly  felt.  The 
follicles  are  not,  however,  developed  sufficiently  for  injection,  until  lactation  has 
commenced.  After  the  cessation  oFtbe  catamenia  from  age,  so  that  pregnancy  ia 
no  longer  possible,  the  lactiferous  ducts  continue  open,  but  the  milk-follicles  are 
incopuble  of  receiving  injection.  The  substiince  of  the  glandules  gradually  dis- 
appears, 80  that  in  old  age  only  portions  of  the  ducts  remain,  which  are  usually 
[loflded  with  raucus;  but  the  place  of  the  glandules  is  commonly  filled-up  by  odi' 
jKiee  tissue,  so  that  the  form  of  the  breast  is  preserved.  Sir  A.  Cooper  notices  & 
curious  change,  which  he  states  to  be  almost  invariable  with  age;  namely,  the 
oss^ifii-ution  of  the  arteries  of  the  breast,  the  large  trunks  as  well  as  the  branches, 
60  that  their  calibre  is  greatly  dlininished  or  even  obliterated. 

918.  The  Mammary  gland  of  the  Male  is  a  sort  of  miniature  picture  of  that  of 
the  Female.  It  varies  extremely  in  its  magnitude;  being  in  some  persons  of  the 
eizo  of  a  large  pea;  whilst  in  others  it  is  an  inch,  or  even  two  inches,  in  dism* 
eter.  In  its  structure  it  corresponds  exactly  with  that  of  the  female,  but  is  alto- 
gether formed  on  a  smaller  scale.  It  is  composed  of  lobules  containing  follicles, 
from  which  ducts  arise;  and  these  follicles  and  ducts  are  not  too  minute  to  be 
injected,  although  with  difficulty.  The  evolution  of  the  gland  goes-on  part  pa$)iu 
with  that  of  the  body,  not  undergoing  an  increase  at  any  particular  period;  it  it 
sometimes  of  considerable  size  in  old  age.  A  fluid,  which  is  probably  macua, 
may  be  pressed  from  the  nipple  in  many  persons;  and  this  in  the  dead  body, 
with  even  more  fiieilily  than  in  the  living.  That  the  essential  character  of  the 
ghind  is  the  same  in  the  male  as  in  the  female,  is  shown  by  the  instances,  of 
which  there  are  now  several  on  record,  in  which  infanta  have  been  suckled  by 
men  (§  919). 

DIG.  Although  the  state  of  functional  activity  in  the  Mammary  gland  is  usu- 
ally limited  to  the  epoch  succeeding  Parturition,  yet  this  is  not  invariably  'lis 

'  See  the  valunble  paper  by  Dr.  Peddie,  '  On  the  Mammary  Secretion,*  in  the  "  Ediab. 
Monthly  Journ.,"  Aug.  )S48 
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'Case;  for  numerous  instatiices  are  on  record,  in  which  joung  women  who  have 
never  borne  cliilJren,  and  even  old  women  long  past  tlie  period  of  i-liild-bcarin^, 
have  had  such  a  copious  flow  of  milk,  aa  to  be  able  to  act  as  efficient  nurses.'  In 
these  cases,  the  stron;;  desire  to  fumtdh  milk,  .and  continued  irritatiiin  of  the 
nipple  hy  the  infant's  mouth,  seem  to  have  furnished  the  stimulus  requisite  for 
the  formation  of  the  secretion ;  and  it  baa  been  found  that  tbia  is  usually  ade- 
quate to  ntfrtre  tlie  secrotion,  after  it  has  been  intermitted  for  some  months  during 
the  ordinary  period  of  lactation,  in  consequence  of  disorder  or  debility  on  the 
part  of  the  mother,  or  any  other  cause;  so  that  where  her  condition  renders  it 
advisable  that  she  should  discontinue  Durstnc;  for  a  time,  the  child  m^ay  be  with- 
drawn and  the  milk  '  dried-up,'  with  a  eonfiilcnt  expectation  that  the  secretion 
may  ha  reproduced  subsequently,*  Dr,  M'WilUams  mentions  in  his  Report  of  tho 
Niger  Expedition,'  tbut  the  iuhnbitants  of  Bona  Vista  (Cape  de  Verde  Islands) 
are  accustomed  to  provide  a  wot-nurse  in  cji^es  of  emergency,  in  the  person  of  any 
woman  who  baa  once  home  a  child  and  is  still  within  the  age  of  child-bearing,  by 
continued  foHR'ntalion  of  the  uiamnioc  with  a  decoction  of  the  leaves  of  theji*a/r»*- 
pha  curcas,  and  by  suction  of  the  nipple. — The  most  curioms  fact,  however,  is 
that  even  Mm  should  occasionally  be  able  to  perform  the  duties  of  nurses,  anil 
should  afford  an  adequate  supply  of  infantile  nutrimenl.  Se%'eral  cases  of  this 
kind  are  upon  record  ;*  but  one  of  the  most  recent  and  authentic  is  that  given  by 
1)t.  Dunglison.'  "  Professor  Hall,  of  the  university  of  Maryland,  exhibited  to  his 
Ob>?t*trical  class,  in  the  year  1837,  a  coloured  man,  fifty-five  years  of  age,  who 
had  large,  soft,  well-formed  raaunnas,  rather  more  conical  than  those  of  the  female, 
8nd  projecting  fully  seven  inches  from  the  chest;  with  perfect  and  large  nipples, 
Tho  glandular  structure  seemed  to  the  touch  to  be  exactly  like  that  of  the  female. 
This  man  had  officiated  as  wet  nurse,  for  several  years,  in  the  family  of  his  mis- 
tress; and  ho  represented  that  the  secretion  of  milk  was  induced  by  applying  the 
•children  entrusted  to  his  care,  to  the  breasts,  during  the  night.  When  tho  milk 
was  no  longer  required,  great  difficulty  was  experienced  in  arresting  the  secretion. 
His  genital  organs  were  fully  developed."  Corresponding  facta  are  also  recorded 
of  the  male  of  several  of  the  lower  animals. 

920.  The  secretion  of  Mlfk  consists  ctf  Water  holding  in  solution  Sugar,  various 
Saline  ingredients,  and  the  peculiar  albuminous  substance  termed  Casein ;  and 
having  Oleaginous  particles  suspended  in  it.  The  constitution  of  this  fluid  is 
ixAde  evident  by  the  ordinary  processes  to  which  it  is  subjected  in  domestic  eco- 
nomy. If  it  be  allowe<l  to  stand  for  some  time,  exposed  to  the  air,  the  grcat<:r 
part  of  the  oK-agiuous  globules  como  to  the  surface,  being  of  less  specific  gravity 
than  the  fluid  through  which  they  are  diffused :  this  is  especially  the  case  with 
the  larger  facetted  globules,  which  have  been  hence  distinguished  as  cream-glo- 
bules. Tho  cretim  thus  formed  does  not,  however,  consist  of  oily  particles  alone  ; 
bat  includes  a  considerable  amount  of  casein,  with  the  sugar  and  salts  of  the 
milk.     These  are  further  separated  by  the  continued  agitation  of  the  cream  ; 

*  A  collection  of  such  cases  is  girea  ia  Dr.  DungUson's  '^  Hum&D  Pbysiology,  7th  edit.i 
Tol.  ii.  p.  518. 

*  Se«  an  account  of  M.  TrouBse&a's  experience  on  Ibis  point,  in  "L'Union  Mddicale." 
1S52,  No.  7  ;  and  a  paper  by  Dr.  Bollou  in  the  "  Amer.  Journ.  of  Med.  8ci.,"  Jan.  1852. 

■  "Medical  Oaxette,"  Jan.  1847. 

*  See  the  ease  deacribmt  by  the  Bishop  of  Cork,  in  the  ^*  Philosophical  Transactions," 
Tol.  ill.  p.  813:  one  mentioned  by  Sir  John  FraukUn  ("  Narrative  of  n  Journey  to  the  Polar 
Sea,"  p.  1<^7);  and  one  which  fell  uni]cr  the  notice  of  the  celebrated  traveller  Humboldt 
f "  Personal  Narratjye,"  vol.  iii.  p.  68). 

*  ••  Huiaan  Physiology."  7th  edit.,  vol.  ii.  p.  514. — Dr.  Xhinglison  also  mentions  that  ia 
the  winter  of  1849-60,  an  athletic  mun,  twenty-two  yenrs  of  age,  presented  himself  »t  the 
Jefferson  Medical  College  at  PLilMdelphia  ;  whose  left  mamtnie.  without  any  auignnhlt  caiut, 
had  become  greatly  developed,  anrl  secreted  milk  copiously. — It  may  be  added  that  a  lac 
teseent  flaid,  apparently  presenting  the  characters  of  true  milk,  may  frequently  be  ex- 
pr^^setl  from  the  mnmiuary  glands  of  infants.  (See  "  Dublin  Medical  Press,"  April  17, 
I860.) 
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which,  by  rapturiDg  the  envelopes  of  the  oil-globolesi,  Reparatea  it  into  hvii^, 
formed  by  their  aggregation,  and  huttermHk,  containing  the  casein,  sugar,  &c. 
A  considerable  quantity  of  casein,  however,  is  entangled  with  the  oleaginous 
matter,  and  this  has  a  tendency  ^o  decompose,  so  aa  to  render  the  butter  nnoid; 
it  may  be  separated  by  keeping  the  butter  melted  at  the  temperature  of  180*, 
when  the  casein  will  fall  to  the  bottom,  leaving  the  butter  pure  and  mnch  le« 
liable  to  change. — The  milk,  after  the  cream  baa  been  removed,  still  contains  the 
greatest  part  of  \i»  casein  and  sugar.  If  it  bo  kept  long  enoagh,  a  rpontaneoai 
change  takes-place  in  itd  composition ;  the  sugar  is  converted  into  lactic  acid,  and 
ibis  coagulates  the  casein,  precipitating  it  in  small  flakes.  The  same  precipitation 
may  be  accomplished  at  any  time,  by  the  addition  of  an  acid;  all  the  acids,  how- 
ever, which  act  upon  albumen,  do  not  precipitate  ca^^ein,  as  will  presently  be 
pointed-out  in  detail;  the  most  effectual  is  that  contained  in  the  dried  stomach 
of  a  calf,  known  as  rennet.  The  whey  left  after  the  curd  has  been  separated, 
contains  a  large  proportion  of  the  saccharine  and  saline  matter  that  entered  into 
the  original  composition  of  the  niilk  ;  this  may  be  readily  separated  by  evaporation. 
921.  When  Milk  is  examined  with  the  Microscope,  it  is  seen  to  contain  a  larse 
number  of  particles  of  irregular  size  and  form,  suspended  in  a  somewhat  turbid 
fluid  (Fig,  244);  these  particles  vary  in  size  from  about  the  1-12, 700th  to  tho 
l-3040thof  an  inch;  and  they  are  termed  <  milk-globules.'  They  are  not  affected 
by  the  mere  contact  of  ether  or  alkalies;  but  if  the.se  reagenta  are  shaken  with 

them,  an  immediate  solution  is  the  rc- 
Bult.  The  same  effect  happens,  if  tbej 
are  first  treated  with  acetic  acid.  Hence 
it  is  evident  that  the  globules  consist  of 
oily  matter,  inclosed  in  an  eoTelope  of 
some  kind ;  and  an  extremely  delicate 
pellicle  may,  in  fact,  be  distinguished, 
after  the  removal  of  the  oily  matter  by 
ether,  or  after  the  globules  have  been 
ruptured  and  their  contents  pressed'^rat 
by  rubbing  a  drop  of  milk  between  two 
plates  of  glaSs.  No  proof  of  the  organi- 
sation of  this  pellicle  has,  however,  been 
detected;  and  it  is  probably  to  be  f«- 
garded  as  the  simple  result  of  the  con- 
tact of  oil  with  albuminous  tn.itter. — 
Uesides  these  milk-globules,  other  glo- 
bules of  much  smaller  site  are  seen  in 
mitk;  and  these  present  the  peculiar 
movement  which  is  exhibited  by  mo\e- 
cules  in  general.  Most  of  them  seem 
to  consist  of  oily  matter  not  inclosed  in 
an  envelope,  as  they  are  at  once  dissolved  when  the  fluid  is  treated  with  ether; 
but,  acconiing  to  the  statements  of  Donn^,  it  would  seem  that  a  portion  of  them 
are  composed  of  casein,  suspended,  not  dissolved,  in  the  fluid.  In  addition  to  the 
foregoing  pnrttclesj  there  are  found  in  the  Colostrum,  or  milk  first  secreted  after 
delivery,  largfc  yellow  granulated  corpuscles  (Fig.  244,  a,  a),  which  seem  to  be 
oompofled  of  a  multitude  of  small  grains  aggregated  together;  these  appear  to  be 
chiefly  of  «  fatty  nature,  being  for  the  most  part  soluble  in  ether;  but  traces  of 
some  adhesive  matter,  probably  mucus,  holding-together  the  particles,  are  then 
Bccn.  They  are  considered  by  some  as  'exudation-corpuscles,'  to  which  they  cef- 
tainly  bear  a  close  resemblance;  according  to  Reinhardt,  they  are  transformatio 
of  the  epithelial  cells  of  the  mammary  ducts,  the  result  of  a  sort  of  fatty  degei 
ration  or  regressive  metamorphosis  consequent  upon  the  peculiar  activitj  uf 
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nammary  gland  during  prepnancy.'  Lamellae  of  epitHelium  are  also  fouiul  in  the 
milk. — All  the  lurger  globules  may  be  removed  by  repeated  liltration ;  and  the 
fluid  is  then  nearly  transparent.  This,  in  fact,  is  the  simplest  way  of  separating 
the  oleaginous  from  the  otlier  constituent.^  of  tho  milk  ;  as  but  tittle  casein  then 
adheres  to  the  former.  The  transparent  fluid  which  has  passed  through  the  filter, 
contains  nearly  the  whole  amount  of  the  casein  of  the  niilk ;  but  even  in  this  fluid 
there  arc  fuund  globules  too  minute  to  he  kept-back  by  the  filter,  vhose  chemical 
reactions  mark  tlicm  as  casein. 

922.  We  shall  now  consider  the  chemical  characters  of  each  of  the  foregoing 
ingredients. — The  Okaijinoxis  matter  of  milk  principally  consists  of  the  ordinary 
componenta  of  fat  \  but  it  also  contains  another  substitnce  peculiar  to  it,  deMgnated 
as  butj/rin,  to  which  the  peculiar  smell  and  taste  of  butter  are  due ;  this  yielda 
in  eaponitication  three  rolaiile  acids,  of  strong  animal  odour,  to  which  Chevrenl 
has  given  the  namea  of  butyric,  caproic,  and  capric  acida.  These  peculiiir  acids 
are  not  only  formed  when  the  butyrin  is  treated  with  alkalies ;  but  are  produced 
by  the  ordinary  decomposition  of  thia  principle,  which  is  fa.voured  by  time  and 
moderate  warmth. — The  Catein  of  Human  milk,  however,  is  usually  said  to  be 
much  less  precipitable  by  acids,  than  is  that  of  the  Cow;  very  commonly  resisting 
the  action  of  the  mineral  acids,  and  even  that  of  the  acetic;  but  heing  always 
coagulated  by  rennet,  though  the  curd  is  long  in  collecting.  On  thia  point,  how- 
ever, there  has  been  much  discrepancy  of  statement,  on  which  the  recent  eiperi- 
ments  of  Mr.  Moore'  throw  some  light.  It  appears  froih  the  results  obtained  by 
hint,  that  Human  Milk  funns  with  most  acids  two  sets  of  compouDd«(,  one  of  them 
Boluhle  ID  water,  the  other  insoluble;  the  latter  being  formed  only  when  the  quan- 
tity of  acid  is  large  in  proportion  to  the  casein.  Thus,  when  two  fluid  ounces  of 
Cow's  milk  were  boiled  with  a  single  drop  of  nitric  acid,  complete  coagulation  of 
the  casein  at  once  took-place :  but  when  two  fluid  drachm*  of  Human  milk  were 
treated  in  the  same  manner,  no  coagulation  occurred,  though  the  casein  was  at 
once  thrown-down  by  a  solution  of  ferrocyBuidc  of  potassium  ;  the  same  quantity 
of  milk,  with  five  drops  of  the  acid,  formed  a  congulum  which  was  not  very  ma- 
nifest until  after  the  lapse  of  five  hours,  but  waa  very  complete,  the  serous  fluid 
not  being  found  to  contain  any  casein  by  testing  it  with  ferrocyanidc  of  potassium  ; 
and  it  refjuired  ten  drops  of  nitric  acid  to  produce  immediate  coagulation. — The 
quantity  of  acid  necessary  to  produce  coagulation  sufficiently  rapid  to  be  immedi- 
ately visible,  will  vary  with  the  amount  of  casein  pre^nt  in  the  particular  speci- 
men of  milk,  5  drops  in  some  instances  producing  a  coagulation  as  ra[)id  as  that 
produced  by  10  drops  in  others.  In  no  {specimen  did  Mr.  Moore  fuil  to  produce 
coagulation  by  adding  a  sufficiency  of  acid.  Acetic  acid  without  heat  produces 
in  Human  milk  a  slow  separntiun  of  soft  flaky  coagula;  but,  when  beat  is  em- 
ployed, a  more  perfect  coagulation  is  produced  by  small,  than  by  large  quantities 
of  this  acid.  Kennet  does  not  seem  to  act  upon  the  casein  of  Human  milk,  un- 
less an  acid  be  abo  present.  In  several  of  these  particulars,  aa  well  as  in  ila 
small  proportional  amount,  the  Casein  of  Ass's  milk  bears  a  closer  resemhlanco 
to  that  of  Human  milk,  than  does  that  of  the  Cow. — The  Sugar  of  Milk,  which 
may  be  obtained  by  evaporating  whey  to  the  consistence  of  a  syrup,  and  then  set- 
ting it  aside  to  crystallize,  forms  opaque  prisma  or  rhomhohedra,  whose  composi- 
tion is  IOC,  8n,  80 -I- 2 HO.  In  many  of  its  properties  it  bears  a  close  resem- 
blance to  Glucose  or  Gulatin-sugar,  into  which  it  is  readily  converted  by  the 
agency  of  dilute  sulphuric  or  hydrochloric  acid,  or  by  the  acetic  or  citric  acid? 
It  is  readily  made  to  pass  into  the  lactic  and  butyric  fermentation,  by  the  appro- 
priate ferments ;  but  is  with  difficulty  brought  to  undergo  the  vinous  fermentation 
— The  Saline  matter  contained  in  milk,  appears  to  be  nearly  identical  with  that 
of  the  blood;  with  a  larger  proportion  of  the  phosphates  of  lime  and  magnesia, 

'  See  an  tb«tract  of  his  views  in  the  "  Ediab.  Monthly  Joamal,"  Feb.  1848. 
•  "  Dublin  Qtiarterlj  Jooraal  of  Med!c»I  Science,"  vol,  vii.  p.  280. 
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which  nmouut  lo  2  or  2J  parts  in  1000.     These  pbosphntea  are  held  IB 
chieflj  b^'  the  casein,  which  seems  to  have  a  power  of  combining  with  them,  run 
greater  than  that  of  albamen :  the  presence  of  a  minate  proportion  of  fr««  ilbli 
also  assist*  their  solution,     A  ainall  portion  of  iron  in  the  state  of  phosphttft,  to- 
gether  with  the  chlorides  of  potassium  and  sodiam,  may  also  be  detected  io  milk.* 
923.  The  proportion  of  these  different  constitaenta  is  liable  to  great  varaiin, 
from  several  causes.     Thus,  the  whole  amount  of  the  solid  constitueDta  ntajtv; 
from  86  to   138  6  parla  in  1000;  the  difference  being  partly  due  to  iudiTidwl 
constitution,  but  in  great  part,  also,  to  the  amount  and  character  of  the  inccsti. 
The  average  seems  to  be  between  100  and  120  parts.     The  foUowiop  are  the  re- 
sults of  the  analyses  of  Simon  ;  the  first  column  being  the  average  of  foorteen  ob- 
servations upon  the  same  woman  ;  the  second  giving  the  m&ximum  of  each  tBgr^ 
dient;  and  the  third  the  minimum: — 

I. 

Water. « „....«„ 888-6 

Batter 26  8 

Ciisein •••— 84-8 

8ug«r  of  Milk  and  extractive  matters 48-2 

Fixed  salts ~       2-3 

It  also  appears  from  the  analyses  of  Simon,  that  the  proportion  of  the  diffeRSl 
ingredients  is  liable  to  variation,  according  to  the  time  which  has  elapeed  mm 
parturition.  The  quantity  of  Casein  is  at  its  minimum  at  the  commenoemeat  of 
lactation,  and  then  gradually  rises  until  it  attains  a  nearly  fixed  proportion.  TV 
quantity  of  ?ugur,  on  tbe  contrary,  is  at  its  maximum  at  first,  and  gnduaHjdt* 
minisbes.  The  amount  of  Butter  (as  appears  from  the  wide  extremes  sbowa  ti 
the  above  tables)  is  more  variable  than  that  of  any  other  constituent. — ^Tbat  mm 
of  the  variations,  moreover,  are  due  to  tbe  character  of  the  ingests,  and  othm 
to  the  external  temperature,  amount  of  exercise,  and  other  circumstances  af!ectiB| 
the  individual,  is  proved  hy  the  inquiries  nf  Dr.  Playfair  upon  the  Milk  of  tb» 
Cow.  He  has  shown  that  the  amount  of  butter  depends  in  part  upon  the  qan> 
tity  of  oily  mutter  in  the  food,  and  in  part  upon  the  amount  of  exercise  which  tlt» 
animal  takes  and  the  warmth  of  the  atmo-^phere  in  which  it  is  kept :  exerriae  and 
cold,  by  increaiiing  the  respiration,  eliminate  part  of  the  oily  matter  in  the  (bm 
of  carbonic  acid  and  water;  whilst  rest  and  warmth,  by  diminishing  this  dnia, 
&vour  its  passage  into  the  milk.  The  proportion  of  Casein,  on  the  other  b'txii 
is  increased  by  exercise.  Dr.  Playfair's  experience  on  this  bead  seems  to  oonw- 
pond  with  the  results  of  common  observation  in  Switzerland;  for  where  the  eaftle 
pasture  in  very  exposed  situations,  and  are  obliged  to  use  a  great  deal  nf  • 
lar  exertion,  tbe  quantity  of  butter  yielded  by  them  is  very  small,  win 
cheese  is  in  uno.'^ually-targe  proportion ;  but  these  same  cattle,  when  8lail-ft.<(i, 
give  a  large  quantity  of  butter  and  very  little  cheese. 

924.  The  change  which  naturally  takes-place  from  tbe  condition  of  Colostma 
to  that  of  true  Milk,  during  the  first  week  of  lactation,  is  a  very  important  ottt. 
The  Colostrum  has  a  purgative  effect  upon  the  child,  which  is  very  useful  ii 
clearing  its  bowels  of  the  meconium  that  loads  them  at  birth  ;  and  thus  lb« 
necessity  of  any  other  purpalive  is  generally  superseded.  Occasionally,  howcvor, 
the  cofoiifrk  character  is  retained  by  the  milk,  during  an  abnormally  long  peritvi; 
and  the  health  of  tbe  infant  is  then  severely  affected.  It  is  Important  to  ko<'» 
that  this  may  occur,  even  though  tbe  milk  may  present  tbe  usual  appearance  cf 
the  healthy  secretion ;  but  tbe  microscope  at  once  detects  tbe  difference.'  Thr 
return  to  the  character  of  the  early  milk,  which  has  been  stated  to  take-place 
a{\er  the  expiration  of  about  twelve  months,  seems  to  indicate  that  Natnitt  de- 
rigas  tbe  secretioa  no  longer  to  be  encouraged ;  the  mother's  milk  cannot  theft 

*  Haidlen  ID  "Annnlen  dler  Cbimie  und  Fharmaoie,"  baadxlr.,  p.  1{>3. 

*  See  Donnd,  "  Du  Lait,  et  ea  particutier  celui  dea  Nourricea/'  and  "  Brit  and  For.  Mi4. 
Review,"  vol.  vi.  p.  18], 
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he  BO  nutritioua  to  the  cbild  as  other  food ; '  and  every  mcdica!  ronn  Is  familiar 
with  iLc  injurious  consequences  to  which  she  renders  herself  liable*,  by  unduly 
prolonging  lactation.'  Cases  are  not  unfrequent,  however,  in  which  the  secre- 
tion continues  as  long  as  there  is  a  demand  for  it ;  and  Bometimes  quite  inde- 
pendently of  this.  It  is  the  habit,  among  some  nations,  to  suckle  the  children 
until  they  are  three  or  four  yeara  old^  and  (o  coDliDue  doing  so  even  tliiiugh  an- 
other pregnancy  should  intervene;'  so  that  the  older  child  is  only  displaced  by 
the  arrival  of  another  infant.  And  it  seetns  to  be  chiefly  among  those  wLo  have 
thus  forced  the  mammary  gland  into  a  state  of  unnaturolly-persistenl  activity, 
that  the  spontaneoufi  and  irrepressible  fiow  continues,  after  the  demand  for  it 
has  ceased.* 

925.  It  is  very  interesting  to  observe  that  Milk  contains  the  three  classes  of 
principles  which  are  required  for  human  food, — tlie  Alburainous,  the  Oleaginous, 
and  ihe  Saccharine  j  and  it  is  the  only  secreted  fluid  in  which  these  all  exist  to 
any  considerable  amount.  It  b,  therefore,  the  food  most  perfectly  adapted  for 
the  young  animal ;  and  is  the  only  single  article  supplied  by  nature,  in  which 
vuch  a  combination  exists.  Our  artificial  comhiriations  will  be  suitable  to  replace 
it,  just  in  proportion  as  they  imitate  its  character;  but  in  none  of  (hem  can  we 
advantap;eousIy  dispense  with  milk,  under  some  form  or  otber.  It  should  be 
remeniliered  that  the  Saline  ingredvents  of  milk^  especially  the  phosphates  of 
lime,  magnesia,  and  iron,  have  a  very  important  function  in  the  nutrition  of  the 
infant,  affording  the  material  for  the  consolidation  of  its  bones  and  for  the  pro- 
duction of  its  red  blood-corpuscles;  and  any  fluid  substituted  for  milk,  which 
does  not  contain  these,  is  deficient  in  essential  constituents.  It  is  very  juHtly 
remarked  hy  Dr.  Eees,^  that,  of  all  the  secreted  fluids,  Milk  ia  most  nearly  allied 
in  its  composition  to  Blood. 

926.  The  proportion  of  the  difl^erent  ingredient*  in  the  Milk  of  different  ani- 
mals, is  subject  to  considerable  variation  :  and  this  fact  is  of  mnch  practical  im- 
portance in  guiding  our  selection,  when  good  Human  milk  cannot  be  conveniently 
obtained  for  the  nourishment  of  an  infant  The  first  point  to  be  inquired-into, 
is  the  quantity  of  solid  matter  contained  in  each  kind;  this  may  be  determined 
cither  by  evaporation,  or  by  the  specific  gravity  of  the  fluid.  The  Specific  Gra- 
vity of  Human  milk  ia  stated  by  Dr.  Ilees  (loc.  cit.)  to  vary  between  1030  and 
1035;  others,  however,  have  estimated  it  much  lower  That  of  the  Cow  appears 
to  be  usually  about  the  same;  that  of  the  cream,  however,  being  1024,  and  that 
of  the  skimmed-milk  about  1035.  The  vnriatinn  will  in  part  depend  (as  in  the 
case  of  the  urine)  upon  the  quantity  of  fluid  ingested,  and  in  part,  it  is  prohuble, 
upon  the  manner  in  which  the  milk  is  drawn;  for  it  is  well  known  to  milkers, 
that  the  last  milk  they  obtain  is  much  richer  than  that  with  which  the  udder  is 
distended  at  the  commencement.  The  quantity  of  solid  matter  obtaitmble  from 
Cow's  Milk  by  evaporation,  seems  to  be  usually  considerably  greater  than  that 
yielded  by  Human  Mitk;  and  there  is  also  a  considerable  difference  in  the  rela- 
tive proportions  of  their  ingredients,  there  being  far  more  casein  and  tesa  sugar 

'  Oa  the  whole  subject  of  Infant  Natritxon,  the  Author  wouid  strooglj  recommend  the 
excellent  Utile  work  of  Dr.  A.  Combe,  formerly  referred-to, 

*  One  of  these,  which  has  pftrticulmrly  fullcti  Tinder  (he  Author's  notice,  is  debility  of 
the  reUoa,  sometimes  proceeding  to  complete  amaurosiia ;  (his,  if  treated  iti  time,  is  moil 
commonly  relicTed  by  diBContinunnce  of  lactntion,  generouB  diet,  luid  quinine. 

•See  Ermnn'fl  "TrmTels  in  Siberia"  (trap^lated  by  Cooley),  Tol.  iL  p.  627;  and  thi 
"Narrative  of  th«  United  States'  Exploring  Expedition,"  vol.  ti.  p.  \'dS. 

*  ThiiB  Dr.  Qreen  has  published  ("  New  York  Journ.  of  Med.  and  Surg.,"  Sept  1844i 
the  caeo  of  a  lady,  wt  47,  the  mother  of  four  children,  who  had  an  abundiint  supply  of 
milk  for  twenty-teven  ytara  previously.  A  period  of  exactly  four  years  and  a  half  occurred 
tetw(>en  each  birth;  and  the  children  were  permitted  to  lake  the  breast  until  they  were 
riiuuing  about  al  play.  At  Ihe  time  wheo  Dr.  0.  wrote,  she  had  been  nine  years  &  widow. 
and  was  obligiHl  to  have  ber  breasts  drawn  daily,  the  secretion  of  milk  being  eo  copious 

*  "  Cjclopttdia  of  Anatomy  and  Physiology,"  Art.  '  Milk.' 
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in  the  milk  of  tbe  Cow,  than  in  that  of  the  Haman  female.  The  following  table 
exhibits  the  average  proportions  of  the  diflTercDt  iovredieats,  in  the  Milk  of 
yarious  aQimala  from  which  that  fluid  is  commonly  obtained;  these  proportions, 
however,  arc  liable  to  wide  variatiotu. 

Woman,  Otid.                 Ooat.             Sharp.  J$m.                 Mart. 

(Simon.)  (Stmon.)  (Cb«Tklll«r.}  (CbeT>Uler.}  (Slmoo.)  fLnUdw-) 

Water.- , 890  860             868            866  907              888 

BoUdB ^ 110  140              182            144  96               115 

Butter 25  88  83  42  12  8 

Casein 35  68  40  46  16  16 

Sugar  and  ExtrsctiTe  48  80  63  60  >  _  oo 

Fixed  Sttlta 2  6  6  7^  ^  ^ 

It  appears  from  this,  that,  whilst  the  milk  of  the  Cow,  Goat,  and  Sheep  bare  a 
general  oorreBpondence  with  each  other,  those  of  the  Ass  and  Mare  are  fluids  of 
▼cry  dissimilar  character,  containing  a  comparatively  email  proportion  of  casein, 
and  still  less  butter,  but  abounding  in  sugar.  Hence  it  b,  that  they  are  much 
more  disposed  to  ferment  than  other  milk  ;  indeed  the  sugar  of  Mare's  milk  u  M 
abundant,  that  the  Tartars  prepare  from  it  a  spirituous  liquor,  to  which  they  give 
the  name  of  koumigs.  Although  no  milk  more  nearly  approaches  that  of  the 
Human  female,  in  the  proportion  of  its  in<rredients  than  that  of  the  Goat,  its 
casein  forms  a  pecuIiarly-denHe  curd,  which  does  not  suit  the  stomach  of  tbe  infant, 
besides  which,  the  milk  is  tainted  with  the  peculiar  odour  of  the  animal^  which  is 
more  intense  if  the  individual  be  dark-coloured.  The  milk  of  tbe  Ass,  though 
differing  in  the  proportion  of  its  ingredients,  seems  to  bear  a  closer  approximation 
[in  properties  (§  922).  The  milk  of  the  Cow  will  usually  answer  very  well  for  the 
food  of  the  infant,  if  care  be  taken  to  dilute  it  properly,  according  to  the  age  of 
the  child,  and  to  add  a  little  sugar.  Where  there  is  an  apprehension  of  an  early 
failure  in  the  supply  of  Milk,  the  Author  has  found  it  advantageous  to  commem-e 
feeding  the  Infant  once  a  day  with  this  mixture,  soon  after  the  fir&t  month ;  the 
Dumber  of  its  meals  may  be  progressively  increased,  until  it  becomes  entirely 
[independent  of  its  parent,  without  any  abrupt  transition  ;  and  at  the  same  time 
[the  proportion  of  water  and  of  sugar  may  be  diminished  in  accordance  with  the 
'natural  change  which  takes  place  in  the  milk  of  the  mother  during  the  progress 
of  lactation  (§923). 

9t27.  From  what  has  been  stated  of  the  close  correspondence  between  the  ele- 
ments of  the  Blood  and  those  of  the  Milk,  it  is  evident  that  we  can  scarcely  ex- 
pect to  trace  the  existence  of  the  latter,  as  such,  in  the  circulating  fluid.  To 
what  degree  the  change  in  which  the  elaboration  consists  is  accomplished  in  the 
Mammary  gland,  or  during  the  course  of  the  circulation,  there  is  no  certain 
I  means  of  ascertaining,  It  is  evident  that  the  secretion  cannot  serve  a.s  tbe  channel 
for  the  deportatiuu  of  any  element,  tbe  accumulation  of  which  would  be  injurious 
to  tbe  system,  since  it  does  not  occur  in  the  Male  at  all,  and  is  present  in  the  Fe- 
male at  particular  times  only.  Yet  there  is  reason  to  believe  that  if,  whilst  the 
process  is  going-on,  it  be  suddenly  checked,  the  retention  of  the  material  in  the 
blood,  or  the  re-absorption  of  the  secreted  fluid,  is  attended  with  injurious  conse- 
quences. Thus  if,  when  the  milk  is  fit^t  eecreted,  the  child  be  not  put  to  the 
breast,  an  aecumutation  takes-place,  which,  if  not  relieved,  occasions  great  geoeral 
diiiturbtince  of  the  system.  The  narrttwuess  of  the  orifices  of  the  milk-tubes  ob- 
structs the  spontaneous  exit  of  tbe  fluid,  e.«*pecially  in  primi'pnrse ;  tbe  reservoirs 
and  ducte  become  loaded  ;  further  secretion  is  prevented;  and  a  state  of  conger 
tion  of  the  vessels  of  the  gland,  tending  to  inflammation,  is  induced.  The  aooom- 
panying  fever  is  partly  due,  no  doubt,  to  the  local  disturbance;  but  in  part  also, 
there  seems  reason  to  believe,  to  the  re-absorption  of  the  milk  into  the  blood ;  this 
cannot  but  be  injurious,  since,  although  but  little  altered,  the  constitution  of  milk 
is  essentially  different,  especially  in  regard  to  the  quantity  of  crjstallizable  matter 
(sugar)  which  it  cootaias. — Cases  of  the  vicarious  secretion   of  luiik  are  not 
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nuinrrous;  and  in  no  instance  is  there  any  proof  that  the  eipments  of  the  fluid 
were  prc-exislent  in  the  blood.  Some  of  tUc  iin.*»t  curious  are  those  in  which  it 
has  been  poured-out  from  a  gland  in  the  groin ;  but  it  is  probable  that  this  vr&a 
in  consequence  of  the  existence  of  a  rcul  repetition,  in  that  place,  nf  the  true 
luaiDiuary  structure}  this  bein*;  the  situation  of  the  mammsQ  in  munj  of  the  iiife-> 
rior  aaimala,  of  which  the  homologues  in  Man  are  usually  undcvcjopi-d  ' 

9L8.  Of  the  quantity  of  Milk  ordinarily  secreted  by  a  good  Nurse,  it  is  diffi- 
ealt  to  form  a  correct  estimate ; '  since  that  amouut  which  can  be  artificially  drawn, 
affords  no  criterion  of  that  which  is  secreted  at  the  time  of  the  '  draught '  (§  833j. 
The  quantity  which  can  be  squeezed  from  either  breast  at  any  one  time,  and 
which,  therefore,  must  hare  been  contained  in  its  tubes  and  reservoirs,  is  about 
two  ounces.  The  amount  secreted  is  greatly  influenced  by  the  mental  and  phy- 
sical condition  of  the  female,  and  also  by  the  quantity  and  character  of  the  io- 
gesta.  In  regard  to  the  influence  of  the  mental  state  upa  this  secretion,  ample 
details  have  already  been  given  (§§  833,  919).  With  respect  to  the  physical 
•tato  most  favourable  to  the  production  of  an  ample  supply  of  this  important  fluid, 
it  may  be  stated  generally,  that  aound  health,  a  vigorous  but  not  plethoric  consti- 
tution, regular  habits^  moderate  but  not  fatiguing  exercise,  and  an  adequate  but 
not  excessive  amount  of  nutritious  food,  furnish  the  conditions  most  required.  It 
u  seldom  that  stimulating  liquors,  which  arc  so  commonly  indulged-in,  are  anything 
but  prejudicial  ^  and  even  where,  aa  sometimee  nnquestionably  happcos,  an  im- 
provement in  the  condition  both  of  mother  and  infant  is  the  immediate  resnlt  of 
the  moderate  employment  of  them,  it  is  qaeationable  whether  the  remote  effect  is 
not  of  a  reverse  nature.'  Their  motlui  operandi,  when  they  are  really  beneficial, 
Meras  to  lie  in  promoting  the  digestive  process,  and  in  thus  aiding  in  the  appro- 
priation of  those  nutritive  materials,  which  constitute  the  real  source  of  the  solid 
con$:tiiuents  of  the  milk.  • 

929.  The  influence  of  various  Medicines  upon  the  Milk,  is  another  important 
question  which  has  not  yet  been  sufficiently  investigated.  As  a  general  rule,  it 
appears  that  most  soluble  saline  oompounds  pass  into  the  milk  aa  into  other  secre- 

'  The  foUotrlDg  is  a  more  unequiTocal  cast  of  Ticariona  seoretion ;  nnrl  it  is  peculiarlj 
interesting  as  exhibittog  the  injurioas  effects  of  the  re-absorption  of  the  secretion,  uad  the 
relief  which  the  ayBtem  experieaced  wbeu  it  won  sepanited  flrom  the  blood  by  the  new 
efaannel.  "  A  lady  of  delicate  oonBtitutlon  (with  a  prediapositton  (o  pneumonia)  waa  pre- 
ireoted  from  suckling  her  child,  as  she  desired,  by  the  following  circumst&nce.  Soon  after 
ber  delivery  she  had  a  severe  fever,  during  which  her  breaiits  became  very  large  and  hard; 
the  ntpples  were  swollen  and  firm ;  and  there  was  evidently  an  abundant  secretion  of 
milk ;  but  neither  the  snokHng  of  the  infant,  nor  any  artificial  tneans,  could  draw  a  single 
drop  of  tluid  from  the  swollen  glands.  It  was  clear  thot  the  milk-tubes  were  closed;  and 
aa  the  breasts  continued  to  grow  larger  and  more  painful,  purgatives  and  other  means 
were  employed  to  check  the  secretion  of  milk.  After  three  days,  the  fever  Bomewhat 
diminished,  and  was  replaced  by  a  conatant  cough,  which  waa  at  first  dry,  but  soon  after 
was  fullowed  by  the  expectoration  of  simple  mocus.  After  this,  tlie  cough  diminished  in 
Beverity,  and  the  expectoration  became  easy;  but  the  sputa  were  no  longer  mucous,  but 
were  composed  of  a  liqaid,  which  bad  all  the  physical  charaotera  of  genuine  milk.  This 
continued  fur  fifteen  days ;  the'quantitj  of  milk  expectorated  amounting  to  three  ooncea 
or  mure  in  the  twenty-four  hours.  The  breoi^ts  gradually  diminished  in  size;  and  l>y  the 
time  that  the  expectoration  ceased,  they  had  regained  their  natural  dimensions.  The  same 
complete  obstacle  to  the  flow  of  milk  from  the  nipples  recurred  after  the  births  of  four  chil- 
dren succesBively,  with  the  same  Bequelo?.  After  the  sixth,  she  had  the  same  symptoms 
of  fever,  but  this  time  they  were  not  followed  by  bronchitis  or  the  expectoration  of  milk; 
■be  bad  in  their  stead  copious  sweatings,  which,  with  other  severe  symptoms,  reduced  ber 
to  a  cacbeotie  state,  and  terminated  fatally  in  a  fortnight."  ("Bulletino  delle  Soienze 
Mediche,"  Apr.,  1830:  and  "  iSrit.  and  For.  Med.  Review,"  Jan.,  1840.) — ^See  also  a  case 
reported  by  Dr.  8.  W.  iMitchell,  in  the  "  Amer.  Jour.  Med.  Sci.,"  July,  1855.— En.] 

*  For  an  estimate  by  M.  Ouillot,  founded  on  the  comparative  weight  of  the  Infant  before 
and  after  lactation,  see  ••L*Uuion  M^dicde,"  185"2,  No.  10.  The  total  amount  considered 
by  Mons.  G.  to  be  usually  drawn  in  the  twonty-foor  hours,  varies  from  82  ox.  to  64  ov. 
(apoth.);  but  his  etttimntes  are  vitiated  by  the  extraordinary  frequency  of  the  lact«tions 
otwerved,  the  infant  being  put  to  the  breast  from  25  to  80  times  in  the  twenty-four  booiia. 

*  8»e  the  Aathor'a  "  Physiology  of  Temperance  and  Total  Abstinence,"  {  208. 
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1.   Otment 

930>  AMOircwr  lb«  Tkriow  tribv  of  Mcb,  vfcicfc  Mpb 
^ob«,  mmI  vbidi  sre  •epanlcd  hom  aB  offer  anaali  *f  Ae  ( 
Meribed  (Cbap.  i.),  Uiere  an  diffiefcaeea  «f  »  toj  mikif  lad 
lure.     Tb(7  arc  dutiDgniahablo  froai  cacfc  a«Wr.  mat  aalj  % 
dreaa,  mftoiM^n  and  coatoma,  reVtf^omt  hdie^  amd  alWr  wBfmn 
bol  bj  lb«  pb^teai  coofrirmatioD  of  liiiir  Wfi«;  aad  As 
Bcnly  io  Im  «oloor  of  ibc  bkio,  tbc  SBlam  at  Ike  lair,  i^  ^ 
(iMh  M  tbe  DOW,  lipn.  kc).  bat  in  the  ahape  of  tbe  aUi  aai 
Um  bopj  alwletoii,  which  might  be  aoppoaed  to  be  kn  KaUa  t» 
■  qvaatum  of  groat  acieotific  intereat,  aa  veil  aa  one  Aaft  < 
BifNl«  in  which  we  regard  the  nc«a  that  differ  froa  owr  ovs, 
all  of  fjTtf  Ffn-rirt,  that  i«,  descended  from  the  joak  or  fioB  auH 
or  wbelher  they  are  to  be  considered  as  dittimci  tpeeir*,  the  fn 
aereral  nioca  hatiof^  had  the  aame  differeDees  among  tbeoMlwBai  aa  tlwae  "W^aA 
are  now  exhibited  by  their  deaoendants. 

081,  In  order  to  arrire  at  a  just  eonclasion  on  this  rabject,  it  ia  iii i ■  aaai j  H 
take  a  very  cxteoaivc  aurrej  of  the  eTidence  famisbed  bj  a  nsmber  of  <iifciM> 
liaea  of  inrjuiry.     Thna,  in  the  First  place,  it  is  right  to  inTestig&te  what  aae  Ike 
diaeriminating  atnictural  marlu^  bj  which  $p«cieM  are  distingnisbed  aaioBg  otkcr 
tribet  of  anitiinU. — Secondly,  it  abould  be  ascertained  to  what  extetit  cvruifMa 
may  proceed  among  races  which  are  historically  known  to  ha^e  bad  a  comaKm 
pnrontsgc,  and  what  are  the  oircumstAnces  which  most  favour  such  Tariatioaa. — 
Thirdly,  the  extreme  variations,  which  present  themaelvea  among  the 
races  of  Men,  sbnuld  be  compared  with  tboec  which  occur  among  tribes  of 
mala  known  to  be  of  the  t>ame  parentage;  and  it  should  be  qaestiooed,  at 
flame  tiino,  whether  the  cireum&tauces  which  favour  the  prodaction  of 
in  the  laMer  case,  are  in  operation  in  the  former. — Fourthly,  where  it  ia  impoa-' 
aible  to  trace-back  distinct  races  to  their  origin,  it  is  lobe  inquired  how  far  acT»e^ 
Dtcnt  in  physiolugicAl  and  psychological  peculiarities  may  be  regarded  as  inHi>d 
eating  specific  identity,  even  where  a  considemble  difference  exists  in   bodiljf 
confr^ruiatjon  ;  and   this  teat,  if  it  can  be   detormined-on,  has  to  be  applied 
Man. — Kiftlily,  it  must  bo  utterapted,  by  a  detniled  examination  of  the  varieti< 
of  tho  fluiiinn  race  thfmpclvos,  to  ascertain  wbother  their  differences  in  confcj 
Illation  are  oonHtnnt;  or  wiicther  there  are  not  such  occasional  roanift-slations, 
each  race,  of  a  tendency  to  assume  the  characters  of  others,  as  to  prcvi-nt  snr 
definite  Hues  being  dmwn  between  the  several  tribes,  which  toqethcr  make-up 
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the  (supposed)  distinct  species. -^An  itivesti^tion  so  comprehensive  could  not  be 
followed-out,  eveu  in  the  most  cursory  manner  that  would  be  consistent  with 
utility,  within  the  limits  of  the  present  work ;  and  no  more  will  be  aHpnipted, 
therefore,  than  an  indication  of  the  principal  points  of  difference  uuHing  the 
several  Races  of  Men,  acd  a  statement  of  the  results  of  inquiry  intu  their  do- 
pree  of  constancy  ia  each  of  the  principal  groups  which  they  have  been  thought 
to  mark-out.' 

9ii'2.  The  differential  characters  on  which  thme  hare  relied,  who  have  soaghf 
to  establish  the  existence  of  a  phiralitj/  of  xpecics  among  Maokitid,  ore  both 
Anatomico-Physiolofjicul  and  Psychological.  Under  the  former  head  rank  the 
Colour  of  the  Skin,  the  texture  of  the  Hair,  and  the  conformation  of  the  bony 
Skeleton,  especially  the  Skull.  The  latter  consist  in  the  superiority  claimed  for 
{■ome  races  over  other?,  in  Intellectual  power,  and  in  Moral  and  Religious  capacity. 
The  former  group  will  be  the  one  first  considered. 

933.  The  C'wA^ar  of  the  skin  esista  in  the  Epidermis  only;  aad  it  depends 
upon  the  admixture  of  pi tjmen (-cells  with  tho  ordinary  epidermic  cells  (  Phino. 
OF  CoMP.  Puts.,  Am.  Ed.);  alt  the  varied  hues  presented  by  the  diffierent  races 
of  men,  being  due  to  the  relative  amount  of  these  cells,  and  to  the  particular 
tint  of  the  pigment  which  thoy  form.  It  would  be  easy,  by  selecting  well-marked 
specimens  of  each  race,  to  mate  it  appear  that  colour  affords  a  chanictcr  suffi- 
ciently distinctive  for  their  separation ;  thus,  for  example,  the  fair  and  ruddy 
8aion,  the  jet-black  Negro,  the  olive  Mongolian^  and  the  copper-col  on  red  North 
American,  might  be  considered  to  be  positively  separated  from  each  other  by  this 
character, — propagated,  as  it  seems  to  be,  with  little  or  no  perceptible  change, 
from  generation  to  generation.  But  alihough  such  might  appear  to  be  the  clear 
nnd  obvious  result  of  a  comparison  of  this  kind,  yet  a  more  careful  and  compre- 
hensive sxirvey  tends  to  break-down  the  barrier  that  would  be  thus  established. 
For,  on  tracing  this  character  through  the  entire  family  of  Man^  we  find  the  iso- 
lated specimens  just  noticed  to  be  connected  by  such  a  series  of  links,  and  the 
transition  from  one  to  the  other  to  be  so  very  gradual,  that  it  is  impossible  to  say 
■where  the  lines  arc  to  be  drawn  between  them.  There  is  nothing  here,  then, 
which  at  nil  approaches  to  those  fixed  and  definite  marks,  that  are  always  held  to 
be  rr-quisite  fur  the  estabHahmcnt  of  specific  dtstioctions  among  other  tribes  of 
animals. 

934.  But  further,  there  is  abundant  evidence  that  these  distinctions  are  far 
from  being  eonsfantly  maintained,  even  in  auy  one  race.  For  among  all  the  prin- 
cipal subdivisions,  afln'noiMn,  or  the  absence  of  pigment-cells,  occaaionnlly  pre- 
seDts  itself;  ao  that  the  fair  skin  of  the  European  may  present  itself  in  the  off- 
spring of  the  Negro  or  of  the  Red  Man.'     On  the  other  hand,  instances  are  by  no 

'  The  whole  of  this  inTestifration  hhs  been  moat  elaborately,  and  in  the  Author's 
opinion  moBt  guccessfully  worked-out  by  Dr.  Prichnrd,  in  his  profound  snil  pbilosophical 
Treatise  on  tho  "PhyHical  History  of  >Inn."  For  a  more  concise  view  of  Dr.  Pricliard's 
urguraent,  with  some  addittonnl  considerations  not  embraced  in  it,  the  Author  miiy  refer 
to  his  own  Article  on  the  'Varieties  of  the  Human  Specie;,'  in  the  "Cyclop,  of  Anat. 
Hnd  Phys.,"  toI.  i?. — See  also  I>r.  R.  0.  Lnlham's  "Natural  History  of  the  Varieties  of 
Mmd  t"  and  his  shorter  essay  on  the  ■  Varietiea  of  the  Human  Species,'  in  Orr'a  "  Circle 
of  the  Sciences,"  vol.  i. 

•  A  very  carious  example  of  change  of  colour  in  a  Negro,  has  been  recently  recorded  on 
unquestionnble  Buthority.-^The  Bubject  of  it  is  a  negro  slftve  in  Kentucky,  let  45.  who  was 
bom  of  bl&ck  parents,  and  was  hituself  perfectly  black  until  12  years  of  age.  At  thnt  time, 
a  portion  of  Ibe  skin,  an  inch  wirte,  encircling  tbe  cntnium  just  within  the  edge  of  the  hair, 
fraduftllj  changed  to  white  ;  also  the  hair  occupying  that  locality.  A  white  spot  next  ap- 
peared near  the  iuner  cauthus  of  the  left  eye;  and  from  this  ihe  white  colour  gradually 
extended  over  the  face,  (nuik,  nnd  eitremitves,  until  it  cohered  the  entire  surface.  The 
complete  change  from  black  to  white  occupied  about  ten  years;  and  but  for  his  hair,  which 
was  crisped  or  woolly,  no  one  would  hare  supposed  at  this  time  that  his  progenitors  had 
offered  any  of  the  characteristics  of  the  Negro,  his  skin  presenting  the  healthy  TnocuUr 
appearance  of  that  of  a  /air-eompUzioned  European.     M'hen  he  was  about  22  years  of  ag« 
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meani;  rare,  of  the  unusual  development  of  pigment-cells  in  individuals  of  the  (tut' 
skinned  races  j  bo  that  purts  of  the  body  are  of  a  dark  red  or  browTi  hue,  or  an 
even  quite  black.     Such  modifications  may  aeem  of  little  importance  to  the  argn- 
nient;  since  they  are  eonGncd  to  individuals,  and  may  be  put  a$iide  as  accidental. 
But  there  is  ample  evidence  that  analogous  changes  may  take  place  in  the  course 
of  time,  which  tend  to  produce  a  great  variety  of  shades  of  colour,  in  the  descend- 
ants of  any  one  stock.     Thus,  in  the  great  Indo-European  family  (part  of  the 
Caucasian  race  of  Blumcnbacb),  which  may  be  uoqaestionably  rerrarded  aa  hiv- 
ing had  a  comuion  origin,  wo  find  tribes  with  fair  complexion,  yellow  hair,  and 
blue  eyes, — others  presentiiijj  the  xanthoua  or  olive  hue, — and  oJhers  decidedly 
black.     A  similar  diversity  may  be  seen  among  the  American  races,  which  are 
equally  refentblo  to  one  comuion  stock ;  and  it  exists  to  nearly  the  same  extent 
ainoo^  the  African  nations,  which   appear  to  be  similarly  related  to  each  other. 
It  may  be  freely  admitted  that,  among  European  coloni&ts  settled  in  hot  climates, 
such  charrgcs  do  not  present  themsolves  within  a  few  generations;  but  in  many 
wcll-knowD   instances  of  earlier  colonization,  they  are  very  clearly  manifested. 
Thus   the.wide  dispersion  of  the  Jewish  nation,  and  their  remarkable  isolation 
(maintained   by  their  religious  observances)  from  the  people  among  whom  they 
live,  render  them  peculiarly  appropriate  subjecta  fur  such  observations ;  and  we 
accordingly  find  that  the  brunette  complexion  and  dark  hair,  which  arc  usually 
regarded  as  choracleristic  of  that  race,  are  frequently  superseded,  in  the  Jews  of 
Northern  Europe,  by  red  or  brown  hair  and  fair  complexion ;  whilst  the  Jews 
who  settled  in  India  some  ceaturiee  ago,  bare  become  as  dark  as  the  Hindoos 
around  tliem. 

9;io.  The  relation  of  the  complexions  of  the  different  races  of  Men  to  the  cli- 
matejj  they  respectively  inhabit,  is  clearly  established  by  an  extended  comparative 
survey  of  both.  From  such  a  survey  the  conclusion  ia  inevitable,  that  the  inter- 
tropical region  of  the  earth  is  the  principal  seat  of  the  darkest  races  of  Men ; 
whilst  tbc  region  remote  from  the  tropics  is  that  of  the  fairer  races  j  and  that  the 
climates  opprouehiog  the  tropics  are  generally  inhabited  by  nations  which  are  of 
an  intermediate  complexion.  To  this  obsen'ution  it  may  be  added,  that  high 
mountains,  and  countries  of  great  elevation,  are  generally  inhabited  by  people  of 
a  lighter  colour  than  are  those  of  which  the  level  is  low,  &uch  as  swampy  or  sandy 
pfairis  upon  the  sea-coast.  These  distinctions  are  particularly  well  seen  in  Africa, 
where  the  tropics  almost  exactly  roark-ont  the  limits  of  the  black  complcrlon  of 
the  inhabitants;  and  where  the  deepest  hue  is  to  be  seen  among  the  Negroes  of 
the  Guinea  C(aht,  whose  resideuee  unites  both  the  conditions  just  mentioDed; 
whilst  the  mountainous  regions  ia  their  immediate  vicinity  are  inhabited  by  tribes 
of  a  mui.'h  lighter  aspect. 

936.  The  nature  of  the  Huir  is,  perhaps,  one  of  the  most  permanent  character- 
istics of  different  races.  In  regard  to  its  colour,  the  same  statements  apply,  w 
thosfC  just  made  with  respect  to  the  colour  of  the  skin  ;  the  variety  of  hue  being 
given  by  pigment-cells,  whieh  may  be  more  or  less  developed  under  different  cir- 
cumstances. But  it  has  been  thought  that  it^  texture  afforded  a  more  valid  ground 
of  distinction  ;  and  it  is  commonly  said,  that  the  substance  which  grows  oo  the 
head  of  the  African  races,  and  of  some  other  dark-coloured  tribes  (chiefly  inha^ 
biting  tnipieal  climates),  is  ipoo/,  and  not  hair.  This,  however,  is  altogether  a 
mistake;  for  microscopic  examination  clearly  demonstrates,  that  the  hair  of  the 
Negro  has  exactly  the  same  structure  with  that  of  the  European  ;  and  that  it  does 

howerer,  dark  eopptr-coloured  or  brown  spots  began  to  appear  on  the  face  and  hands;  but 
these  have  remained  limited  to  the  portiooa  of  the  surface  exposed  to  light.  About  the 
time  ihHt  the  black  colour  of  his  «kin  begun  to  dienppcar,  he  completelj  \os\  bis  sense  of 
smell  ({  743  nolt) ;  and  smcie  he  has  b«come  white,  he  hu  had  meitfllcs  and  hooping-coQph 
a  seoond  time.  (See  Dr.  Hutchinson's  account  of  this  case,  in  the  "  Amer.  Journ,  of  Mr>2. 
Sci.,"  Jan.  1852.) — A  case  of  partial  disappearance  of  the  black  colour  of  the  Negro'l 
Skill  was  broaght  by  Dr.  ImDau  before  the  Zoological  Section  of  the  British  Asaociatioa 
at  Liverpool,  Sept.  1851. 
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Dot  bear  any  resemblanoe  to  wool,  save  in  its  orispaess  and  tendency  to  carl. 
Moreover,  even  tbis  cbiimcter  is  far  from  being  a  constant  one ;  for,  whilst  Eoro- 
peans  are  not  un frequently  to  be  met  with,  whose  faair  is  nearly  aa  crisp  as  that 
of  the  Negro,  there  is  a  great  variety  aroongst  the  Negro  races  themeelved,  which 
preseot  evtjry  gradation  from  a  coiupletely-crisp  (or  what  is  termed  woolly)  hair, 
to  merely  curled  or  even  flowing  locks.'  A  similar  observation  holds  good  io  re- 
gard to  the  natives  of  the  islands  of  the  great  Southern  Ocean,  where  gome  indi- 
viduals possess  cri^p  hair,  whilst  others,  of  the  same  race,  have  it  merely  curled. 
— It  is  evident,  then,  that  no  characters  can  he  drawn  from  the  colour  or  texture 
of  the  hair  in  Man,  sufficiently  fixed  and  definite  to  serve  for  the  distinction  of 
races ;  and  this  view  is  burne-out  by  the  evident  influence  of  climate,  in  producing 
cbangea  in  the  hairy  covering  of  alnaost  every  race  of  domestic  animals;  such 
cbaagea  often  manifesting  themselves  ia  the  very  individuals  that  have  been  trans- 
ported from  one  country  to  another,  and  yet  more  distinotly  in  succeeding  gene- 
ration a. 

9ii7.  It  has  been  supposed  that  varieties  in  the  configuration  of  the  Skeleton 
would  uflbrd  characters  for  the  Bcpanition  of  the  Human  niceSj  more  fixed  and 
definite  than  those  derived  from  differences  in  the  form^  colour,  or  texture  of  iho 
soft  parts  wliich  clothe  it;  and  attention  has  been  particularly  directed  to  the 
a/cuU  and  the  jieleut^  as  affording  such  characters.  It  has  been  generally  bid- 
down  as  a  fundamental  principle,  that  all  those  nations  which  are  found  to  re- 
semble each  other  in  the  shape  of  their  heads,  must  needs  be  more  nearly  related 
to  each  other,  than  they  are  to  tribes  of  Men  which  diff'er  fi'ora  them  in  this  par- 
ticular. But  if  this  principle  be  rigorously  carricd-0Qt«  it  will  tend  to  bring 
together  races  which  inhabit  parts  of  the  globe  very  remote  from  each  other,  and 
which  have  no  other  mark  of  afEnity  whatever;  whilst,  on  tho  other  hand,  it  will 
often  tend  to  separate  rac<!S  which  every  other  character  would  lead  us  to  bring 
together.  It  is  to  be  remembered,  moreover,  that  the  varieties  in  the  conforma- 
tion of  the  skeleton,  presented  by  the  breeds  of  domesticated  animals,  are  at  least 
equal  to  those  which  are  manifested  in  the  conformation  and  colour  of  their  soft 
parts;  and  we  might  reasonably  expect,  therefore,  to  meet  with  similar  variations 
among  the  Human  races.  It  is  probable,  however,  that  climate  has  not  so  much 
influence  in  producing  such  changes  in  the  configuration  of  the  body,  as  tbo  pecu- 
liar habits  atid  mode  of  life  of  the  different  races ;  and,  Dr.  Prichard  has  pointed- 
out  a  very  remarkable  relation  of  this  kind,  in  regard  to  the  three  principal  types 
of  form  presented  by  the  skull. 

9'dS.  Among  the  rudest  tribes  of  Men,  hunters  and  ravage  inhabitants  of  forestB, 
dependent  for  their  supply  of  food  on  the  accidental  produce  of  the  soil  or  on  the 
chase,— among  whom  are  the  most  degraded  of  the  African  nations,  and  the  Aus- 
tralian savages, — a  form  of  head  ia  prevalent,  which  is  most  aptly  distinguished  by 
the  term  proynafhous,  indicating  a  prolongation  or  forward-extension  of  the  jaws 
(Fig.  245J.  This  character  is  most  strongly  marked  in  the  Negroes  of  the  Gold 
Cosist,  whose  skulls  are  usually  so  formed  as  to  give  the  idea  of  lateral  compres- 
sion. The  temporal  muscles  have  a  great  extent,  rising  high  on  the  parietal 
bones ;  the  cheek-bones  project  forward,  and  not  outward ;  the  upper  jaw  ia 
lengthened  and  projects  forwards,  giving  a  similar  projection  to  the  alveolar 
ridge  and  to  the  teeth ;  and  the  lower  jaw  has  somewhat  of  the  same  oblique  pro- 
jection, so  that  the  upper  and  lower  incisor  teeth  are  set  at  an  obtuse  angle  to 
each  other,  instead  of  being  nearly  in  parallel  planes,  ns  in  tho  European.  From 
the  shape  of  the  upper  jivw  alone,  would  result  a  mnrked  diminution  in  the  facial 
angle,  measured  according  to  the  method  of  Camper;  but  this  diminution  is  far 

•  II  ifl  ft  verj  common  mistake,  cspecinlljr  ia  the  United  States,  to  consider  Nrgro  oa 
BTnonymuiia  with  AJriean.  So  far  is  this  from  being  the  fact,  that,  m  Dr.  LAlhAin  ju»tlj 
remitrks,  **  the  true  Negro  area,  the  area  oocupied  by  men  of  the  blaok  nkin,  thicli  lips, 
and  vrooUjr  hair,  ia  exceedingly  email;  as  small  ia  proportion  to  the  rest  of  the  continent, 
118  the  area  of  the  dititrict  of  the  stuated  Hyper boreiuijs  is  La  Asia,  or  that  of  the  Lap|/6  la 
Gurope."     (See  \\  955,  96fi.) 
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ongle,  rcsuldnr;  from  the  projection  of  the  upper  jaw,  it  is  quite  certain  that,  m  ] 
tho  typical  prognathous  skull,  there  is  a  want  of  elevation  of  the  forehead;  butf^ 
does  not  appear  that  there  is  a  corresponding  diminution  in  the  capacity  of 
cranial  cavity,  the  retreating  form  of  the  forehead  being  partly  due  to  the  gcner 
elnngation  of  the  skull  in  the  antero-posterior  direction.     Nor  is  it  true,  as  stat 
by  some,  that  the  position  of  the  foramen  mapnum  in  the  Negro  is  decidedly 
hind  that  which  it  holda  in  the  European,  in  this  respect  approaching  that  of  tM 
Apca  (§  2) :  siiii^e,  if  due  allowance  be  made  for  the  projection  of  the  upper  jiw, 
thia  aperture  i^s  found  to  have  the  same  position  in  the  prognathous  sknll  as  in  < 
oval  one,  namely,  exactly  behind  the  transverse  Hoe  bisecting  the  anteropwsterio 
diameter  of  the  base  of  the  cranium.     The  prognathous  skull  is  further  remsr" 
able  for  the  large  development  of  the  parts  connected  with  the  organs  of  sense,  csf 
cially  those  of  smell  and  hearing.     The  aperture  of  the  nostrils  is  very  wide, 
the  internal  space  allowed  for  the  distribution  of  the  olfactory  nerve,  is  much 
larger  than  in  most  Kuropean  heada;  the  po«t-erior  openings  of  the  nasal  cad^^^ 
are  not  less  remarkable  for  their  width,  than  the  anterior.    The  external  audito^^H 
meatus  is  also  peculiarly  wide  and  spacious]  and  the  orbital  cavities  bare  been 
thought  to  be  of  more  than  ordinary  capacity, — but  this  last  is  bj  no  means  a 
constant  character. 

939.  A  second  type  of  cranial  conformation,  very  different  from  the  precedim^^ 
belongs  principally  to  the  Nomadic  races,  who  wander  with  their  herds  and  floc^^H 

,ai^™ 


over  vast  plains  ;  and  to  the  tribes  who  creep  along  the  shores  of  the  Icy  Sea,  i 
live  partly  by  fishing,  and  in  part  on  the  flesh  of  their  reindeer.    This  form,  desig- 
nated by  Dr.  Prichard  as  the  pyramidal  (Fig.  246),  is  typically  exhibited  bf« 
vurioua  nations  of  Northern  and  Central  Asia ;  and  is  seen,  in  an  ezaggerateil^l 
degree,  in  the  Ksquiinaux.     Its  most  striking  character  is  the  lateral  or  outward 
projection  of  the  rygoma,  which  is  duo  to  the  form  of  the  malar  bones.    These  do 
not  project  forwards  and  downwards  under  the  eyes,  as  in  the  prognathous  skull ; 
but  take  a  lateral  or  outward  direction,  forming,  with  the  zygomatic  process  of 
the  tempontl  bone,  a  large  rounded  sweep  or  segment  of  &  circle.     From  this,  i^H 
connection  with  the  narrowness  of  the  forehead,  it  results,  that  lines  drawn  fro^^l 
the  sygoraatic  arches,  touching  the  temples  on  either  side,  instead  of  being  parallel 
(as  in  Europeans),  meet  over  the  forehead,  so  as  to  form  with  the  basis  a  tHan- 
rular  figure.     The  upper  part  of  the  face  being  remarkably  flat,  the  nose 
lK3ing  flat,  and  the  nasal  bones,  as  well  as  the  space  belweeo  the  eyebrows,  b 
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nearlj  on  the  same  plane  vhh  the  cbeek-bones,  the  triangular  space  bounded  by 
these  linoQ  may  be  compared  to  one  of  the  faces  of  a  pyramid.     The  orbits  are 

Fis.  246. 

f 

■  large  and  deep ;  and  the  peculiar  conformation  of  the  bones  which  snrround  it, 
gives  to  the  aperture  of  the  ItJa  an  appearance  of  obliquity, — the  inner  angle 
eeeming  to  be  directed  downwards.  Tho  whole  face,  instead  of  presenting  an 
oral  form,  aa  in  most  Europeans  and  Africans,  is  of  a  lozenge-Hliape.  The 
greater  relative  development  of  the  zygomatic  bones,  and  of  the  bones  of  the  face 
altogether,  when  compared  with  the  capacity  of  the  cranium,  indicates  in  the 
pyramidal  skull,  a  more  ample  extension  of  the  organs  subservient  to  sensation; 
the  sumo  effect  being  tliusi  produced  by  lateml  expansion,  aa  by  the  forward  exten- 
sion of  the  facial  bones  in  the  prognathous  skulls. 

940.  The  most  civilized  races,  —  those  which  liTO  by  agriculture  and  the  arts 
of  cultivated  life,  ~  all  the  most  intellec- 
tually-improved nations  of  Europe  and 
Asia,  —  have  a  shape  of  the  head  which 
differs  from  both  the  preceding,  and  which 
may  be  termed  oval  or  elUptxcaL  This 
at  once  approves  itself  as  a  more  sym- 
inetrical  form;  no  part  having  an  exces- 
sive prominence ;  whilst,  on  the  other 
hand,  there  is  nowhere  an  appearance  of 
undue  flattening  or  compression.  The 
head  is  altogether  of  a  rounder  shape 
than  in  the  other  varieties,  and  the  fore- 
head is  more  expanded ;  while  the  max- 
illary bones  and  the  zygomatic  arches  are 
80  formed,  as  to  give  the  face  an  oval 
shape,  nearly  on  a  plane  with  the  fore- 
head and  cheek-bones,  and  not  projecting 
towards  the  lower  part.  Owing  to  the 
more  perpendicular  direction  of  the  alveo- 
lar processes,  the  front  teeth  arc  fixed  in  planes  which  are  nearly  or  quite  parallel 
to  each  other.  The  principal  features  in  this  form  of  cranium  are  thus  of  a 
negative  character  j  the  chief  positive  distinction  is  the  large  development  of  the 
cranial  cavity,  and  especially  the  fulness  and  elevatton  of  the  forehead,  in  pro- 
portion to  tho  size  of  the  face; — indicating  the  predominance  of  the  intellectual 
powers,  over  those  merely  instinctive  propensities  which  are  more  directly  con- 
nected with  sensations.     Among  European  nations,  the  Greeks  have  prubabty 
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dieplttyed  the  greatest  Bjmtnotrj  and  perfection  in  the  form  of  the  bfiid;bBl 
Tarious  departures  may  be  traced  towards  the  preceding  forms,  when  we  eaB|in 
the  crania  of  different  race?,  and  even  of  individuals,  belonging  to  the  mm 
Btock,  —  gome  appnaching  the  pyramidal  form  of  the  Northern  Aaiaties.  T^it 
others  approximate  to  the  propnatboua  type  of  the  Negro. 

941.  The  influence  of  habits  of  life,  continued  from  generation  to  genu 
upon  the  form  of  the  head,  is  ronaarkobly  evinced  by  the  transition  fron 
type  to  another,  which  may  be  observed  in  nations  that  have  undergone  a 
in  their  manners  and  customs,  and  have  made  an  advance  in  civilization, 
to  mention  but  one  instance,  the  Turks  at  present  inhabiting  the  Ottoman  and 
Persian  empires,  are  undoubtedly  descended  from  the  same  stock  with  that 
nomadio  races  which  are  sttll  spread  through  Central  Asia  (§  y.'S.S).  The  fonner, 
however,  having  con<^uered  the  countries  which  they  now  inhabit,  eight  ceoturia 
aince,  have  gradually  settled-down  to  the  fixed  and  regular  habits  of  the  lod^ 
European  race,  and  have  made  corresponding  advances  in  civilization ;  viulM 
the  latter  have  continued  their  wandering  mode  of  life,  and  can  scarcely  heaii 
to  have  made  any  decided  advance  during  the  same  interval.  Now  the  long 
civiHted  Turks  have  undergone  a  complete  transformation  into  the  liken* 
Europeans  ;  whilst  their  nomadic  relatives  retain  the  p^Tamidal  con6&:\i] 
the  skull  in  a  very  marked  degree.  Some  have  attributed  this  change  in' 
physical  structure  of  the  Turkish  race,  to  the  introduction  of  Circassian  &lna 
into  the  harems  of  the  Turks  j  but  this  could  only  affect  the  opulent  and  pcnm^ 
i'ul  amongst  the  race ;  and  the  great  mass  of  the  Turkish  population  have  alwiji 
intermarried  among  themselves.  The  difference  of  religion  and  manners  mvt 
have  kept  them  separate  from  those  Greeks  whom  they  subdued  in  the  new  Otto- 
man countries ;  as  in  Persia,  the  Tajiks,  or  real  Persians^  still  remain  tjuite 
tinct  from  their  Turkish  rulers,  belonging  to  a  different  sect  among  the  Mi 
mnns,  and  commonly  living  apart  from  them.  —  In  like\uanner,  even  the  N< 
hejid  and  face  may  become  assimilated  to  the  European,  by  Jong  urubjectiott  to 
similar  influences  ;  thus,  in  some  of  our  older  West  Indian  Colonics,  it  ia  not  id- 
common  to  meet  with  Negroes,  the  descendants  of  those  6rst  introduced  theif, 
who  exhibit  a  very  European  physiognomy;  and  it  has  even  been  asserted  \hili 
Negro  belonging  to  the  Dutch  portion  of  Guiana  may  be  distinguished  homm- 
other  belonging  to  the  Britijsh  settlements,  by  the  similarity  of  the  features  ao^ 
expression  of  each,  to  those  which  respectively  characterise  bis  masters.  T^ 
effect  could  not  be  here  produced  by  the  intermixture  of  bloods,  since  this  woaM 
be  made  apparent  by  alteration  of  colour. — But  not  only  may  the  pyramidal  ni 
prognathous  types  be  elevated  towards  the  elliptical ;  the  elliptical  may  b« 
degraded  towanla  either  of  these.  Want,  squalor,  and  ignorance,  have  a  spedtl 
tendency  to  induce  that  diminution  of  the  cranial  portion  of  the  skull,  and  that 
increase  of  the  facial,  which  characterize  the  prognathous  typej  as  cannot  bathe 
observed  by  any  one  who  takes  an  accurate  and  candid  survey  of  the  condition 
of  the  most  dejrraded  part  of  the  population  of  the  great  towns  of  this  oountiy, 
but  as  is  seen  to  be  pre-eminently  the  case  with  regard  to  the  lowest  classes  rf 
Irish  immigrants.'  A  certain  degree  of  retrogression  to  the  pyramidal  type,  it 
also  to  be  noticed  among  the  nomadic  tribes  which  are  to  be  found  in  everv  civil- 
ized community.  Among 'these,  as  hag  been  remarked  by  a  very  acute  observer,* 
**  According  as  they  partake  more  or  less  of  the  purely  vagabond  nature,  doiag 
nothing  whatsoever  for  their  living,  but  moving  from  place  to  place,  preying  on 
the  earnings  of  the  more  industrious  portion  of  the  community,  so  will  the  attri- 
butes of  the  Domade  races  be  found  more  or  le^s  marked  in  them ;  and  they  an 
all  more  or  less  distinguished  for  their  high  cheek-bones  and  protruding  jaws;" 
•hus  showing  that  kind  of  mixture  of  the  pyramidal  with  the  prognathoua  tyf*^ 
which  is  to  be  seen  among  the  lowest  of  the  Indian  and  MaJayo-PolynesiAn  nofr 
*  See  the  "Dublin  University  Mft^zine,"  No.  xlTiiL 
Mr   Uenr;  Ma;he«.  in  '•  London  Labour  and  the  London  Poor,"  p.  iL 
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942.  Next  to  the  charactera  derived  from  the  form  of  the  head,  those  which 
Me  founded  upon  the  form  of  the  pehis  »eena  entitled  to  rank.  These  have  been 
particuhirty  examined  by  Profes8ora  Vrolik  and  Weber.  The  former  was  led  by 
his  exaiuiaudona  of  this  part  of  the  skeleton,  to  consider  that  the  pelvis  of  the 
Negress,  and  still  more  that  of  the  female  Hottentot,  approximates  to  that  of  the 
Sliniie  in  its  general  confipruration ;  especially  in  its  length  and  narrownces, — the 
iliac  bones  liaving  a  more  vertical  position,  so  that  the  anterior  ppines  approaeh« 
one  another  much  more  closely  than  they  do  in  the  European ;  and  the  sacrum 
also  being  longer  and  narrower.  On  the  other  hand,  Prof.  Weber'  coneludef, 
from  a  more  comprehensive  survey,  that  no  particular  fitrure  is  a  permanent  cha- 
racteristic of  any  one  race.  He  groups  the  principal  varieties  which  he  has  met- 
■with,  according  to  the  form  of  the  upper  cpeninfr,  into  oval,  round,  four-sided, 
and  wedge-shaped.  The  first  of  these  is  most  frequent  in  the  European  races; 
the  second,  among  the  American  races ;  the  third,  most  common  among  the 
Mongnltan  nations,  corresponds  remarkably  with  their  form  of  head  ;  whilst  the 
last  chic-fly  occurs  among  the  races  of  Africa,  and  is  in  like  manner  conformablo 
with  the  oblong  eoropreRsed  form  usually  prepented  by  their  craEium.  But  al- 
though there  are  particular  shapes  which  are  moet  prevalent  in  each  race,  yet 
there  are  numerous  individual  deviations,  of  such  a  nature  that  every  variety  of 
form  presents  itself  occasionally  in  any  given  race. 

■  943.  Other  variations  have  been  observed  by  anatomists,  between  the  different 
TAcea  of  Mat^,  in  the  relative  length  of  the  bonee,  and  in  the  shape  of  the  limbe; 
but  these  also  seem  to  have  reference  to  the  degree  of  civilization,  and  to  the  re- 
gularity of  the  Hupply  of  wholesome  nutriment.  It  is  generally  to  be  observed 
that  the  races  least  improved  by  civilization,  like  the  uncultivated  breeds  of  ani- 
mals, have  slender,  lean,  and  elongated  limbs  j  this  may  be  eapceially  remarked 
in  the  natives  of  Australia.  In  nearly  all  the  less  civilized  rices  of  Man,  the 
limbs  are  more  crooked  and  badly- formed  than  the  average  of  those  of  Europeans ; 
and  this  is  particularly  the  case  in  the  Negro,  the  bones  of  whose  lega  bow  out- 
wards, and  whos^e  feet  are  remarkably  flat.  It  has  been,  generally  believed,  that 
the  length  of  the  fore-arm  in  the  Negro  i.s  so  much  greater  than  in  the  European, 
as  to  constitute  a  real  character  of  approximation  to  the  Apes.  The  difference, 
however,  is  in  reality  extremely  slight ;  and  is  not  at  all  comparable  with  that 
which  exists  between  the  most  uncultivated  races  of  Men  and  the  highest  Apes 
(§  5).  And  in  regard  to  all  the  pecuiiorities  here  alludod-to,  it  is  to  be  observed, 
that  they  Ccin  only  be  discovered  by  the  comparison  of  large  numbers  of  one  race 
with  corresponding  numbers  of  another;  for  individuals  are  found  in  every  tribe, 
possessing  the  characters  which  distinguish  the  majority  of  the  other  race.  Such 
peculiarities,  therefore,  are  totally  useless  as  the  foundation  of  FfHcific  characters  j 
being  simply  variations  from  the  ordinary  type,  resulting  from  causes  which  might 
affect  the  entire  race,  as  well  as  iodinduals.  — The  connection  between  the  gene- 
ral form  of  the  body,  on  the  one  hand,  and  the  degree  of  civilization  (involving 
the  regular  supply  of  nutriment)  on  the  other,  is  made  apparent,  not  merely  by 
the  improvement  which  we  perceive  in  the  form,  development,  and  vigour  of  the 
frame,  aa  we  advance  from  the  lowest  to  the  most  cultivated  of  the  Human  races; 
but  aUo  by  the  di-gradation  that  is  occasionally  to  be  met-with  in  particular  groups 
of  the  higher  tribes,  which  have  been  eubjectcd  for  several  generations  to  the  in- 
fluence of  depressing  causes.  Of  each  degradation,  occurring  under  circum- 
Btancea  that  permit  ita  successive  fiteps  to  be  traced,  we  have  a  remarkable 
example  in  the  conversion  of  certain  tribes  of  the  Hnttentot  race  into  Bushmen 
(§  958);  and  there  is  very  strong  ground  fur  the  belief,  that  similar  influences 
nave  operated  at  a  more  remote  period,  in  the  production  of  the  peculiar  charac- 
ters of  the  Guinea-coast  Negroes  and  Amitnilian  Bushmen. 

944.  Independently,  however,  of  the  obvious  modifying  influence  of  externa} 

^  "Die  Lehr^  too  den  Ur-  nod  Racenformen  der  Sohaedel  und  Becken  dea  Menacbeoi" 
Doaaeldorf,  Ib'M. 
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ciTcutnstnnros,  much  allowance  must  be  made  for  that  f/^r/mry  to  variation, 
whicL  prespTits  itself,  more  or  less,  in  all  those  races  of  aiiiraols,  which  pc«8ea 
puch  a  constitutional  capability  of  adnptation  to  changes  in  climate,  habits  of  life, 
&o.,  aa  enables  them  to  live  and  flourish  under  a  variety  of  conditions.  Thu«  we 
find  ibat  tie  offspring  of  any  one  pair  of  domesticated  animalg  do  not  all  precisely 
agree  among  themselves,  or  with  their  parents,  either  in  bodily  eonforniatioD,  or 
^n  psychical  character;  hut  that  individual  differences,  as  they  are  termed,  exist 
among  thorn.  Now,  a«  this  tendency  to  variation  cannot  be  clearly  trneed  to  aiij 
influence  of  external  circumstances,  it  is  commonly  distinguished  bj*  the  term 
'  eponlatieous  •/  but  as  there  is  no  effect  without  a  cause,  and  as  the  wideft  dif- 
ferences of  this  kind  present  themselves  in  those  races  which  are  most  obviou.«.ly 
amenable  to  the  influence  of  citernnl  conditions,  we  pccm  justified  in  attributing 
ihem  to  agencies  operating  unostensibly  upon  the  parents,  either  previously  to 
their  intercourse,  or  at  the  time  of  coition  \%  880),  or  in  the  female  during  the 
period  of  utcro-gestniion  (§  883).  The  difference  between  wild  and  domesticated 
animals  in  regard  to  roiovr  affords  a  very  good  illustration  of  this  genenil  fact; 
for  the  unirorntity  among  the  former  is  no  less  remarkable  than  the  want  of  con- 
stancy among  the  latter;  and  whilst  variety  of  colour  soon  gives-place  to  uni- 
formity, when  domesticated  races  return  in  any  considerable  degree  towards  their 
prinjitive  state,'  It  very  speedily  developes  itself  in  races  which  are  undergoing 
the  converse  process.' 

945.  Isow  it  is  by  taking  advantage  of  those  *  spontaneous '  departures  from  the 
ordinary  type,  which  present  features  of  value  to  the  breeders  of  domeslicatfJ 
animals,  that  »i'W  races  are  developed  from  time  to  time  among  these;  any 
Btrongly-nKirkcd  peculiarity  which  thus  appears  in  only  a  single  individual,  being 
usually  trnnsinittcd  to  some  of  its  offspring,  and  being  almost  certainly  perpetu- 
ated when  boih  parents  are  distinguished  by  it,  as  happens  when  the  products  of 
the  first  procreation  become  capable  of  breeding  witn  each  other.* — Now  there 
can  be  no  hesitation  in  admitting,  that  the  tendency  to  the  so-called  '  spontane- 
ous' variation  prevails  in  the  Human  race  to  a  greater  degree  than  in  any  other; 
since  we  fiud  most  remarkable  diversities  in  features,  complexion,  hair,  and  gene- 
ral coufonnation,  among  ihc  offspring  of  the  same  parentage  ;  whilst  more  special 
modifications  of  the  ordinary  type,  such  as  the  possession  of  six  fingers  on  each 
hand  and  of  six  toes  on  each  foot,  are  of  no  unfref|uent  occurrence.  Under 
ordinary  circumstances,  these  modifications  tend  to  disappear  as  often  as  they 
occur ;  tlie  free  intermixture  of  those  members  of  the  race  which  posfess  them, 
with  those  which  depart  less  from  the  ordinary  type,  tending  to  merge  them  in 
the  general  average,  liut  there  can  be  no  reasonable  doubt,  that  if  the  8*m« 
kind  uf  segregaticm  were  practised  among  Mankind,  which  is  adopted  by  th6 
breeders  of  snimala  for  the  purpose  of  perivetuating  a  particular  variety, — if,  for 

*  This  has  been  e«ptc1ally  nolic^d  in  the  dog«,  horscfl,  cattle,  sheep,  and  hogs,  introdaced 
by  the  Spaniards  inia  i^outb  America. 

*  Thus  Mr.  T.  Bell  itiforms  ub  ('*  British  QnBdmped^"  2d  edit,  p.  208),  that  an  Austr*- 
lian  bitch,  or  dingo,  in  the  Zoological  Gardens,  had  a  litter  of  pupj^es,  tlte  fniher  of  which 
WAS  al^o  of  that  breed  ;  both  pjircnts  had  been  taken  in  the  wild  Btittc ;  both  were  of  tb« 
Unifcrm  rciltlii^h-brown  culuiir  v^bivh  belontiii  to  the  race,  nnd  the  mother  luid  nerer  brcrd 
before;  but  ibo  young,  generated  in  confiscmeot,  and  in  a  half-domesticated  state,  wen 
all  more  or  less  fputted. 

*  See  the  history  of  the  introdaction  of  the  attfon  breed  of  «heep,  chnmcterised  bj  a 
pecnlinr  cotiformation  of  its  linibf,  in  MufcnchuBeus,  given  by  Col.  Hutchinson  in  tba 
•'  Phil.  Trans."  for  1813. — A  similar  ncconnl  has  been  more  lately  given  by  Prof.  Often 
(in  a  Lecture  ddiv^rcd  before  the  Society  of  Artu,  Dec.  10,  1861),  respecting  th«  r«ci-Bt 
ihtroducti'in  of  &  new  breed  of  tncritio  ^liecp,  diiftingiii^hed  foi'  the  long,  etnootb,  etralghl, 
and  Bilky  cbarncter  of  the  wool,  «nd  now  known  ftfl  the  Mauehamp  breed.— In  both  in- 
BtmiccB,  the  breed  originnted  in  ihe  spontaneous  appearance  of  a  male  lamb  posee»*^'ag 
the  poculiaritifs  in  question  ;  from  its  ofl'spring  such  a  selection  was  made  by  the  breeder, 
as  ennbkd  him  to  bring  logetbor  tnulra  and  females,  both  of  which  were  distiDguiabed  by 
Ihem  ;  and  in  thvir  progeny,  the  p<:culiariLies  auiformly  appeared. 
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example,  tlie  memberB  of  a  six-fingered  family  were  to  intermarry  exclusively 
with  one  another, — any  such  variety  would  be  permanently  established  as  a  new 
race.  Now  if  it  be  borne  in  mind,  that  the  influence  of  a  Bcanty  population,  in 
the  early  ages  of  the  Human  raooj  by  isolating  different  families  from  each  other, 
and  causing  intermarringes  among  even  the  nearest  relatives,  would  have  been 
precisely  the  same  with  that  which  ia  now  exercised  by  the  breeders  of  animala, 
we  see  one  reason  why  the  varieties  which  then  arose  should  have  a  much  greater 
tendency  to  self-perpetuation,  than  those  which  now  occasioatilly  preaoot  them- 
selves. And  when,  too,  it  is  home  in  mind,  that  the  change  in  external  condi- 
tions induced  by  migration,  would  thus  operate  not  only  upon  the  parents  but 
upon  the  offspring,  and  would  have  a  continual  influence  in  so  modifying  the 
constitution  of  the  latter,  that  the  peculiarities  thus  acquired  by  them  would  be 
transmitted  in  yet  greater  intensity  to  their  progeny,  there  is  no  real  difficulty  in 
accounting,  upon  the  strictest  physiological  principles,  for  the  widest  departures 
from  one  common  type  of  conformation,  whic4)  we  encounter  io  our  survey  of 
the  different  liaees  of  Mankind.' 

946.  Hence  we  are  led  to  conclude,  that,  bo  far  as  regards  their  Anatomical 
structure,  there  is  no  such  difference  among  them  as  would  justify  to  the  Zoolo- 
gist the  assertion  of  their  distinct  origin.  But  further,  although  the  comparison 
of  the  structural  oharactera  of  the  Human  races  does  not  furnish  any  positive 
evidence  of  their  descent  from  a  common  Btock,  it  justifies  the  assertion  that 
even  if  their  stocks  irere  originally  distinct,  there  could  have  been  no  essential 
difference  tietween  them ;  the  descendants  of  any  one  such  stock  being  able  to 
assume  the  obaracters  of  another.  This,  as  already  remarked,  can  be  proved  by 
historical  evidence  in  regard  to  a  sufficient  number  of  tribes,  to  juitify  the  same 
assertion  with  respect  to  others,  who^e  languages,  custoniM,  habits  of  thought,  &c. 
have  an  affinity  strong  enough  to  warrant  us  iu  regarding  them  as  descendants 
of  the  same  stock,  whilst  their  physical  conformation  is  widely  different.  Each 
principal  geographical  area,  which  is  so  isfJatcnl  from  others  as  to  render  it  pro- 
bable, a  jtriori,  that  its  population  has  extended  from  one  centre, — such  as  the 
Continent  of  Africa,  or  America, — contains  races  of  very  divcn»ified  physical 
characters,  whose  linguistic  aflinities  make  it  almost  certain  that  they  must  have 
had  a  common  descent;  and  thu:;,  in  whatever  mode  the  types  of  the  principal 
varieties  are  selected,  they  ore  foxvod  to  be  connected  by  so  gradual  a  series  of 
intermediate  or  transitional  formB,  that  it  is  impossible  to  draw  any  such  line  of 
demarcatioD  between  them,  sa  would  be  required  by  a  soundly-judging  Naturalist 
for  the  boundary  of  distinct  species. 

947.  A  very  important  conlinnation  of  (hia  view,  is  afforded  by  the  essential 
agreement  which  exists  among  the  different  llaces  of  Men  in  regard  to  their 
Physiological  history;  the  variations  which  they  present  not  being  greater  than 
those  which  we  meet-with  between  the  different  individuals  of  any  one  race. 
Thus,  we  not  only  find  the  average  duration  of  life  to  be  the  same  {making 
allowance  for  circumstances  which  are  likely  to  induce  dJi^eitBe)  but  the  various 
epochs  of  life, — such  as  the  tiroes  of  the  first  and  second  deutition,  the  period 
of  puberty,  the  duration  of  pregnancy,  the  intervals  of  the  catamenia,  and  the 
time  of  their  final  cessation, — present  a  maitced  general  uniformity,  such  as  does 
not  exist  among  similar  epi>ch9  in  the  lives  of  species  that  are  nearly  allied  but 
yet  unquestionably  distinct.  Further,  the  different  races  of  Man  are  all  subject 
to  the  same  diseases,  both  sporadio,  endemic,  and  epidemio ;  the  ouly  exceptions 
being  those,  in  which  the  constitution  of  a  race  baa  f^roioH  to  a  certain  set  of  ia- 

'  For  a  muterl;  digest  of  the  analogical  eriilvsoe  famiabed:  bj  the  changes  known  to 
havB  been  ttiua  proiiuced  atnoag  domesticated  animals,  and  of  the  tnodificHtiotis  which  par- 
ticular tribea  of  Mea  can  be  shown  to  have  undergone  within  tbe  historic  period,  see  Dr. 
IVicbard's  "  Physical  History  of  Mankinrf,"  and  hia  •'  Natural  History  of  Man,"  see, also, 
the  sammarj  given  b;  the  Author  in  the  "Cyclop,  of  Aoat.  and  Physiol."  vol.  iv.,  pp>. 
1801-1 83». 
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Baenoes  (os  that  of  the  Negro  to  the  malaria  which  generate  certain  pemiciooi 
fevers  in  the  European),  producing  aa  hereditary  immunity  in  tho  race,  which  ia 
capable  of  beiug  acquired  by  iodividuala  of  other  races,  by  a  process  of  acclima^ 
tization  commenced  Bufficienlly  early.' — The  most  important  physiological  teat, 
however,  of  specific  unity  or  diversity,  ia  that  furnished  by  the  Generative  pro- 
cess. It  may  be  considered  aa  a  fundamental  fact,  alike  in  the  Vegetable  and 
in  the  Animal  kingdom  (Pbikc.  of  Comp.  Phys.,  §(}15,  Am.  Ed.),  that  hybrid 
nces  originating  in  the  sexual  connection  of  individuals  of  two  different  ^>eeie*, 
do  not  tend  to  self-perpetuation ;  the  hybrids  being  nearly  sterile  with  each  other, 
although  thoy  may  propagate  with  either  of  their  parent-races,  in  which  the 
hybrid  race  will  soon  merge ;  whilst,  on  the  other  hand,  if  the  parents  be  them- 
Klves  varieties  of  the  same  species,  the  hybrid  constitutes  but  soother  variety, 
and  its  powers  of  reproduction  are  rather  increased  than  diminished,  so  that  it 
mny  continue  to  propagate  its  own  race,  or  may  be  used  for  the  production  of 
other  varieties,  almost  tid  infinitum.  It  appears  that,  among  Plants^  hybrids 
originating  between  undoubtedly  distinct  species,  sometimes  reproduce  themselves 
for  two  or  three  generations,  but  do  not  continue  beyond  the  fourth.  Amongst 
Animals,  the  limits  nf  hybridity  between  parents  of  distinct  species  are  more 
narrow,  sidcc  the  hybrid  La  totally  unable  bo  continue  its  race  with,  one  of  its  own 
kind ; '  and  although  it  may  propagate  with  one  of  its  parent-species,  the  pro- 
geny will  of  course  approach  in  character  to  the  pure  breed,  and  the  race  will 
speedily  merge  into  it.  In  Animal^t,  as  among  Plants,  the  mixed  offsprings, 
originating  from  diSurent  races  within  tho  limits  of  the  same  species,  generaJly 
ea-rcfi!  in  vigour,  and  in  the  tendency  to  multiply,  the  parcnt-raoes  &oni  which 
they  arc  produced,  so  as  to  gain-ground  upon  the  older  varieties,  and  gradoallj 
to  supersede  tfiein.  In  this  manner,  by  the  cro$»ing  of  the  breeds  of  our  dome»- 
ticated  animals,  many  new  and  superior  varieties  have  been  produced.  The 
general  principle  is,  then,  that  beings  of  distinct  gpeciea^  or  desceodaota  from 
stocks  originally  different,  cannot  produce  a  mixed  race  which  shall  pomen  the 
capability  of  perpetuattog  itself;  whilst  the  union  of  varieties  has  a  tendency  to 
produce  a  race  superior  in  energy  and  fertility  to  its  parents. — The  application 
of  thla  principle  to  the  Human  races,  leaves  no  doubt  with  respect  to  their  spe- 
cific unity;  for,  as  is  well  known,  not  only  do  all  the  races  of  Men  breed  freely 
with  each  other;  but  the  mixed  nice  is  generally  superior  in  physical  develop- 
ment, and  in  tendency  to  rapid  multiplication,  to  either  of  the  pareot^tocks;  so 
that  there  is  much  reason  to  believe  that,  in  many  countries,  the  mixed  race  b9> 
twecn  the  Aborigines  and  European  colonizers  will  ultimately  become  the  domi- 
nunt  power  in  the  community.  This  is  especially  the  case  in  India,  South 
Aineriea,  and  Polynesia. 

'  This  Tiew  of  the  immunity  of  the  Negro  race  from  certain  forms  of  Perer  which  ar« 
▼ery  fatal  to  Europeans,  is  juBtified,  the  .-Vutbor  believ€B,  by  all  the  facts  known  upon  the 
BQbJeot.  Much  mny  be  set  down,  na  he  L^  assured  by  Dr.  Daaiell,  to  the  bettor  adapta- 
tion of  the  Neftro  habits  of  life  to  their  climate;  and  Europeans  who  eiercise  due  oaation 
(eepeciall],-  in  regard  to  tho  fnoctiona  of  the  skin),  may  preaerve  aa  immunitj  scarcely 
leas  complete.  Dr.  D.  himself,  haviDg  been  taken  priaoner  by  one  of  tbe  Negro  tribes 
at  an  early  age,  and  having  spent  two  years  among  them,  aeems  to  ba«e  been  thoroughly 
aoclimatized :  and  has  eubsequently  pnased  many  years  on  the  most  unhealthy  pu-ta  of 
the  coaat,  without  exporieDcing  any  severe  attacks  of  illDess,  and  in  the  enjoyment  of 
very  good  general  health. — It  ia  sometimes  mniutained  that  the  Negro  race  posscmes 
such  a  complete  exemptioo  from  the  Yellow  Fewr  of  the  United  Statea,  u  marks  its 
specific  difference ;  such,  howerer,  is  not  constancy  tbe  case,  since  Negroes  oocaaionally 
eoffer  from  it ;  and  their  comparaliee  immunity  seeras  fairly  attribuuible  to  the  constitu- 
tional peculiarity  atquired  by  their  African  progenitors,  and  capable  of  being  aoquind  by 
Europeans  also. 

*  One  or  two  instances  have  been  stated  to  occur,  in  which  a  Mnlo  has  prodaoed  off- 
spring from  union  with  a  similar  animal ;  but  this  is  ceruinly  the  extreme  limit,  atneeno 
one  has  ever  maintained  that  tbe  race  can  be  continued  further  thaa  tbe  aeooad  geaai*- 
lion,  without  admixture  with  one  of  the  paroDt-species. 
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94S.  The  question  of  PfffvMcal  conformity  or  difference  amonp  the  Races  of 
Mankind,  is  one  which  Lb'*  a  raogt  direct  bearing  upon  the  question  of  their 
epecitic  unity  or  diversity ;  but  it  has  an  importance  of  ita  own,  even  g^reater  than 
that  which  it  derives  from  thia  eouroe.  For,  as  has  been  recently  argued  with 
great  justice  and  power/  the  real  Unity  of  Mankind  does  not  lie  in  the  conaan- 
g:ainity  of  a  common  deBccnt,  but  has  its  basis  in  the  participation  of  every  race 
in  the  same  mora!  nature,  and  in  the  community  of  mora!  rights  which  hence 
beoomes  the  privilege  of  all.  "  This  is  a  bond  which  every  man  feela  more  and 
more,  the  farther  he  advances  in  his  intellectual  and  moral  culture,  and  which  in 
this  development  is  continually  placed  upon  higher  and  hicrhex  ground  ;  ao  inuch 
60,  that  the  psychical  relation  arising  from  a  common  descent  is  finally  lost-si ght-of, 
in  the  oonscioiisness  of  the  higher  morul  oblijintions,"  It  is  in  these  oblipaiions, 
that  the  mor.d  riijkla  of  men  have  their  foundation;  and  thus,  "while  Africans 
have  the  hearts  and  consciencet  of  human  beings,  it  could  never  be  right  to  treat 
them  as  dom*5Stic  cattle  or  as  wild  fowl,  if  it  were  ever  so  abundantly  demonstmtod 
that  their  race  was  but  an  improved  species  of  ape,  and  ours  a  degenerate  kind  of 
god." — The  Psychical  comparison  of  the  various  Races  of  Mankind,  is  really, 
therefore,  in  a  practical  point  of  view,  the  moat  important  part  of  the  whole  inves- 
tigation ;  but  it  has  been,  nevertheless,  the  one  most  imperfectly  pursued,  until 
the  inquiry  was  takeu-up  by  Dr.  Prichard.  The  mass  of  evidence  which  be  hna 
aocumulatcd  on  this  subject,  however,  leaves  no  rensonahle  doubt,  that  no  more 
♦*  impassable  barrier  "  realty  exists  between  the  different  races  with  respect  to  this, 
than  in  regard  to  any  of  those  points  of  ostensible  diversity  whioh  have  been 
already  cons^idered ;  tbe  variations  in  the  positive  and  relative  development  of 
their  respective  psj'chical  powers  and  tendencies,  not  being  greater,  either  in  kind 
or  degree,  tlmn  those  whicb  present  themselves  between  individuals  of  our  own 
or  of  any  other  race,  by  some  members  of  whii^h  a  high  intellectual  and  moral 
standard  has  been  attained.  The  tests  by  which  we  recog^nise  the  claims  of  the 
outcast  and  degrwied  of  our  own  or  of  any  other  '  highly-civilized*  community,  to 
A  common  humanity,  are  the  same  as  those  by  which  we  should  estimate  the  true 
relation  of  ibe  Negro,  the  Busbman,  or  the  Australian,  to  the  cultivated  Euro- 
pean. If,  on  the  one  hand,  we  admit  the  influence  of  want,  ignorance,  and  06- 
glect,  in  accounting  for  the  debasement  of  the  savages  of  our  own  great  cities,^ 
and  if  we  witness  the  same  effects  ocourring  under  the  same  conditions  among 
the  Busbtneu  of  Southern  Africa  (§  95W), — we  can  scarcely  hesitate  in  admitting, 
that  the  long-continued  operation  of  the  same  agencies  hiis  had  much  to  do  with 
the  psychical  as  well  as  the  physical  deterioration  of  the  Negro,  Australian,  and 
other  degmded  races.  So,  on  the  other  hand,  if  we  cherish  the  hope  thiit  the 
former,  so  far  from  being  irreclaimable,  may  at  least  be  brou!rht-up  to  the  standard 
from  which  they  have  degenerated,  by  means  adapted  to  develope  their  intellec- 
tual faculties  and  to  coll-forth  the  higher  parts  of  their  moral  nature,  no  adequate 
reason  can  be  assigned  why  the  same  method  should  not  succeed  with  the  latter, 
if  employed  with  sufficient  perseverance.  It  will  be  only  when  the  effect  of  edu- 
cation, intellectual,  moral,  and  religious,  shall  have  been  fairly  t«sted  by  the  eipe- 
riencc  of  numy  ffeneration$,  in  conjunction  with  the  infiucnoe  of  a  perfect  equality 
in  civilization  and  social  position,  that  we  shall  be  entitled  to  speak  of  any  esaen- 
tinl  and  cnnstaut  p.sychical  difference  between  ounselven  and  the  most  degraded 
beings  clotheil  in  hiitimn  form.  All  the  evidence  whirb  wc  nt  present  posseM, 
leads  to  the  belief,  that  under  a  vast  diversity  in  degree  and  in  monies  of  mauifes- 
tntion,  the  same  intellectual,  moral,  and  religious  capahilitif*  exist,  in  all  the  Races 
of  Mankind  ;  so  thnt,  whilst  wo  may  derive  from  this  conformity  a  powerful  argu- 
ment for  their  zoological  Unity  a."  a  species,  we  are  also  directly  led  to  recognize 
their  community  of  moral  nature  with  oorsolves,  and  to  admit  them  to  a  participa- 
tion in  our  own  rights. 

'  S^o  the  "  New  Quarterly  ReTiew."  No.  xr.  p.  181 ;  and  an  Article  \ij  Prof  Agassis  ia 
the  ••CUriatiaa  £zainiaer,"  Bostou  (N.  £.),  1860. 


OF    THE    BRANCHES    OF    THE 


940.  Most  important  assistance  is  afforded  in  the  determination  of  the  real 
iffinitiesi  of  different  IIrccs,  by  the  study  of  their  Language*.  This,  however,  is 
a  department  of  the  inquiry  so  far  beyond  the  limits  of  Physiolo^cal  science,  that 
it  must  be  hfre  dismissed  with  a  bare  mention  of  those  results,  to  which  the  xeal- 
OU8  pursuit  of  it  by  a  large  number  of  philosophic  Philologists  seems,  undoubtedly 
to  tend. — There  can  be  no  rcastmable  doubt  that,  as  a  general  principle,  the  affi- 
nities of  mces  arc  more  surely  indicated  by  their  lancruages,  than  by  their  physical 
features;  and  the  ezperiencud  philologist  is  generally  able  to  discriminate  thoM 
resemblances,  which  may  have  arisen  out  of  the  introduction  of  words  or  of  modes  of 
coni?t ruction  from  the  one  into  the  other,  by  conquest,  commercial  interconrae,  or 
absolute  intermixture,  from  those  which  are  the  result  of  a  community  of  origin. 
And  thus  are  supplied  those  means  of  tracing  the  past  history  of  races,  which  are 
seldom  afforded  by  written  records,  or  even  (at  least  with  any  degree  of  certainty) 
by  traditional  information.  It  is  to  be  borne  in  mind,  that  the  affinities  of  lan> 
guages  are  indicated,  not  merely  by  verbal  resemblance,  but  by  the  similarity  of 
their  modes  of  granmiatical  construction,  or  the  methods  by  which  the  relation 
between  different  words  that  constitute  sentences,  is  indicated.  The  most  posi- 
tive evidence  is  of  course  afforded,  when  a  conformity  exists  both  in  the  vocabU' 
faria  and  in  the  moihs  of  comirvch't.m  of  two  languages ;  but  it  frequently 
happens  that  although  the  conformity  exists  in  regard  to  one  of  these  alone,  yet 
the  evidence  which  it  affords  ia  perfectly  satisfactory.  Thus,  there  are  many 
cases  in  which  the  vocabularies  are  so  continually  undergoing  important  changes 
(the  want  of  written  records  not  permitting  them  to  acquire  more  than  a  traditional 
permanence),  thut  their  dtvergeuce  becomes  so  great,  even  in  the  course  of  a  few 
gencnilioiis,  as  to  prevent  tribes  which  are  by  no  means  remotely  descended  from 
a  common  ancestry,  from  understanding  one  another;  whilst  yet  the  system  of 
grainrauticjil  construction,  which  depends  more  upon  the  grade  of  mental  develop- 
ment and  upon  habita  of  thought,  exhibits  a  remarkable  permanence.  Such 
appenrs  to  be  true  of  the  entire  group  of  American  languages,  which  seem,  as  a 
whole,  to  be  legitimately  referable  to  a  common  stock,  notwithstanding  their  com- 
plete verbal  diversity.  On  the  other  hand,  when  two  languages  or  groups  of  lan- 
guages differ  greatly  in  construction,  but  present  that  kind  of  verbal  correspond- 
ence on  which  the  philologist  feels  justified  in  placing  most  reliance  (namely,  aa 
essential  conformity  in  those  'primary  words'  which  serve  to  represent  the  uni- 
Tersal  ideas  of  a  people  in  the  most  simple  state  of  existence),  that  correspondence 
may  be  held  to  indicate  a  community  of  origin,  if  it  can  be  proved  that  it  has  not 
been  the  result  of  intercourse  between  the  two  families  of  nations  subsequently  to 
their  first  divergence,  and  if  it  seems  probable  on  other  grounds  that  their  sepan- 
tion  took  place  at  a  period  when  bs  yet  the  grammatical  development  of  both  lan- 
guages was  in  its  infancy.  Such  appears  to  have  been  the  case  with  certain  of 
those  groups  of  langaagea,  whose  distinctness  can  be  traced  back  historically  for 
the  longest  period. — It  is  evident,  then,  that  Philological  inquiry  must  be  looked- 
to  as  one  of  the  chief  means  of  determining  the  question  of  radiation  from  a  ainy/c 
centre  or  from  mnftt'pfe  centres ;  and  it  is  a  remarkable  fact,  that  the  linguistic 
affinity  and  the  conformity  in  physical  characters  frequently  stand  in  &  sort  of 
corapletnt'Utal  relation  to  each  other,  each  being  the  strongest  where  the  other  is 
weakest ;  so  that,  by  one  or  other  of  these  links  of  connection,  a  close  relationship 
is  indicated  between  all  those  families  of  nations  under  which  the  several  raoea 
appear  to  be  most  natumlly  grouped. 


2. — General  Survey  of  the  Principal  Variefiea  of  the  Human  Speci'et. 

050.  The  distribution  of  the  Races  of  Mankind  under  five  primary  Tarieties> 
according  to  their  respective  types  of  cranial  conformation,  as  first  proposed  by 
Blumenbach,  is  still  so  commonly  received,  notwithstanding  the  distinct  proof 
which  has  been  given  of  the  fallacious  nature  of  its  basis,  that  it  will  be  desirabla 
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cxpkin  his  terms,  and  at  (he  same  time  to  show  bow  far  the  ioforwation  sub- 
sequenlly  acquired  has  tended  to  modify  his  arrangement.- — The  Gret  of  these 
varieties,  which  is  considered  to  be  distinguished  by  the  po&,<iession  of  the  ovftl  or 
eliipfical  type  of  craiiiul  conformation,  was  designated  Caucasian  by  Blumenbuch, 
on  two  grounds;  first,  because  he  considered  the  Cuucisinu  people  (of  whom  the 
Georgians  and  CircassiauB  are  the  best-known  examples),  as  presenting  its  physi- 
cal charact-ers  in  the  greatest  perfection ;  and  second,  because  it  was  supposed 
that  the  Cauoasian  range  of  mouiitaiiis  might  be  regarded  a.s  the  centre  or  foc\ia 
of  the  races  belnnging  to  It.  Neither  of  these  idi?3?,  however,  is  correct :  for 
whilst  the  oval  form  of  cranium  ia  presented  with  fully  as  great  beauty  and  sjm- 
inetry  by  the  Greeks,  it  seems  now  to  be  almost  certainly  determinable  by  the 
evidence  of  language,  that  the  Georgian  and  Circassian  nations  are  really  of  Mon- 
golian origin,  and  consequently  have  no  direct  relation  of  affinity  with  the  other 
nations  usually  ranked  as  belonging  to  this  variety;  and  the  evidence  of  history 
and  tradition,  sn  far  from  pointing  to  the  Caucasian  range  as  the  original  centre 
of  radiarion  of  the  race,  accords  with  that  of  language  in  assigning  it«  locality 
much  nearer  to  Central  Asia.  It  would  be  most  desirable,  therefore,  that  somo 
other  designation  should  be  substituted  for  that  given  by  Blumenbach ;  wore  it 
not  that  the  present  state  of  our  knowledge  requires  the  entire  abandonment  of 
his  doctrine  that  the  races  agreeing  in  this  type  of  conformation  are  mutually 
oonnectetl  by  community  of  descent.  For,  even  within  the  limits  of  Europe,  we 
ftnd  at  least  two  nations, — the  Turks,  and  the  Magyars  or  true  Iltingoriaas, — 
whose  crania  are  cbaracteristieallj  oval,  and  which  are  yet  undoubtedly  of  Mon- 
golian origin ;  and  although  some  allowance  must  be  made,  in  regard  to  the 
change  which  has  taken  place  among  the  former,  for  the  influence  of  intermix- 
ture with  other  races,  yet  there  is  no  reason  to  believe  that  any  such  influence  baa 
operated  among  the  Magyars,  whose  blood  seems  to  Luvo  been  transmitted  with 
remarkable  purity  from  the  time  when  they  settled  in  Hungary  about  tea  cen- 
turies since.  In  Asia,  we  find  this  type  presented  not  merely  by  the  Persian  and 
other  Indo-European  races,  bnt  also  by  the  Syro-Arabian,  and  by  the  larger  pro- 
portion of  the  inhabitants  of  Hindostan;  yet  the  Syro-Arabian  races  arc  more 
nearly  related  to  (he  African  stock  {§  9fS'2),  than  to  that  from  which  most  of  the 
present  inhabitants  of  Europe  have  sprung;  and  there  is  good  reason  to  believe 
that  the  great  mass  of  the  existing  inhabitants  of  India,  are  of  Mongiilian  desceut 
(§  954).  It  will  be  neccesary,  therefore,  to  consider  the  nations  which  present 
the  80-calIed  Caucasian  type  of  cranial  conformation,  under  several  distinct 
heads.  No  uniformity  exists  among  them  in  regard  to  colour  ;  for  this  character 
presents  every  intermediate  gradation  between  the  fair  and  florid  tint,  with 
light-red  or  auburn  hair^  of  the  Northern  European,  to  the  dusky  or  even  black 
hue  of  the  races  bordering-on  or  lying-between  the  Tropics.  The  hair  is  gene- 
rally long  and  flexible,  with  a  tendency  to  ctirl ;  but  considerable  variety  presents 
itst'lf  with  regard  to  this  particuinr.  The  conformation  of  the  features  approaches 
more  or  less  closely  to  that  which  we  are  accustomed  to  regard  aa  the  type  of 
beauty. 

951.  The  first  place,  in  a  more  natural  distribution  of  the  Human  Races,  must 
undoubtedly  be  given  to  that  which  is  designated  by  Pr.  Prichard  as  (he  ylriow, 
and  which  is  offen  termed  the  Intio- European  ;  including  the  collective  body  of 
European  nations,  with  the  Persians,'  Affghans,  and  certain  other  nations  of  the 

'  The  modern  Persmns  are  a  very  mixed  race,  in  which  Turkish  and  Arab  elements 
largely  participate.  The  most  perfect  representati?ea  of  the  origiuiil  stock  (whose  purity 
of  (leaccDt  seoms  to  hare  been  nmintaineJ,  from  the  time  of  (heir  original  migruti^m  into 
their  present  locality,  by  the  physical  obstacles  which  have  cut  them  off  from  intercourse 
with  their  neare.<it  Deiphboura)  are  belieTed  to  be  the  Katirs  of  Kftfiristftn,  n  fiur-ekinncj 
light-haired  race  inbnbitiug;  the  linpra-cticable  mountaia-country  on  iht  watershed  betweeu 
the  Oxua  and  the  morth-we^tem  sources  of  the  Uidus.  The  Tt^iks  of  Bokhara  also  koep- 
np  the  iDcietit  liueagc  uud  laoguagc,  although  their  country  is  ruled  by  peu|)le  of  Turkiali 
desceat. 
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Koutb-western  portioa  of  the  Asiatic  continent,'  near  to  which  their  orig^ioal  focus 
appears  to  have  been.     The  great  bond  of  coDneciioo  between  these  nations,  lies 
in  their  languBge» ;   whiiib,  in  spite  of  great  diversities,  present  a  certain  com* 
niunit^v  of  character  that  is  recognized  bj  every  philologist.     For  they  are  obvi- 
ously all  formed  upon  the  same  base  with  the  ancient  Sanskrit,  if  not  upon  the 
Sanskrit  itself;  and   they  are  united  alike  by  community  in   many  of  the  meet 
imfiortant  '  primary  words,'  and  by  general  similarity  in  grammatical  constraction. 
The  existing  Lettish  or  Lithuanian  dialect  prescnta  a  very  near  approach  to  the 
orig'inal  type ;  and  the  Old  Prussian,  a  diatu'ct  spoken  as  late  as  the  sixteenth  oeD< 
tury,  had  a  still  closer  alliance  to  the  ancient  Zend  or  Median,  which  seems  to 
have  been  a  very  early  derivation  from  the  Sanskrit,  and  which  is  the  basis  of 
the  languape  now  spoken  in  Persia.     The  family  which  is  most  disdmilar  to  the 
rest  (^the  typical  Celt  contrasting  remarkably  with   the  types  of  the   Germanic 
eroup,  both  in  physical  conformution  and  ia  psychical  characters,)  is  that  which 
IS  fonued  by  the  Celtic  nations;  but  these  arc  undoubtedly,  like  the  othens,  of 
Eastern  origin,  as  was  first  shown  by  Dr.  Prichurd  ;*  though  they  appear  lo  have 
detached  themselves  from  the  common  stock  at  an  earlier  period  in  the  develop- 
ment of  its  language. — But  there  is  evidence  that,  notwithstanding  the  mutual 
affinities  of  the  Indo-Gennanic  languages,  every  one  of  them  has  been  modified 
by  the  introduction  of  extraneous  elements:  thus,  in  those  of  Western  Europe, 
there  is  a  considerable  admixture  of  Celtic ;  whilst  in  others,  there  are  traces  of 
more  barbaric  tongues.     In  fact,  there  can   be  little  dnubt  that  Europe  had  an 
iudigL'nau.9  jiopulutiou,  before  the  immigration  of  the  Indo-Germnn  or  even  of  the 
Celtic  tribes;  and  of  this  population  it  seems  most  probable  that  the  Lapps  and 
Piuns  of  Scandinavia,  and  the  EuKkarians  (or  Basques)  of  the  Biscayan  province*, 
are  but  the  remuani.     The  former  of  these  tribes,  which  is  undoubtedly  of  Mon- 
golian origin,  once  extended  mucb  further  south  than  at  present;  and  with  regard 
t<)  the  latter,  whose  nearest  linguistic  affinities  arc  also  with  the  tongues  of  High 
Asia,  there  is  ample  historical  proof  that  they  had  formerly  a  very  extensive  dis- 
tributiua  through  Southern  Europe.     It  would  not  seem  improbable,  then,  that 
the  advance  of  the  Indo-European  tribes  from  the  south-east  comer  into  central 
Europe,  separated   that  portion  of  the  aboriginal  (Mongolian)  population  which 
tliey  did  not  absorb  or  destroy,  into  two  great  divisions ;  of  which  one  was  gradu- 
blly  pressed  northward  and  eastward,  so  as  to  be  restricted  to  Finland  and  Lap- 
land; and  the  other  southward  and  westward,  so  as  to  be  confined  at  the  earliest 
historic  period  to  a  part  of  tlio  peoiasula  of  Spain  and  the  South  of  Franco,  gra- 
dually to  be  driven  before  the  successive  irruptions  of  the  Celts,  Romans,  Aia- 
Ibians,  and  other  nations,  until  their  scanty  remnant  found  an  enduring  refuge  ia 
the  fastnesses  of  the  Pyrenees.' — The  Indo-Germanic  race  is  unquestionably  that 
which  has  exercised  the  greatest  influence  on  the  civilization  of  the  Old  World; 
and  it  seems  indubitably  destined  to  ac<}uire  a  similar  influence  in  those  newly- 
found  lands  which  have  been  discovered  by  its  enterprise.     With  scarcely  an  ex- 
ception, as  Dr.  Latham  has  justly  remarked,  the  nations  belonging  to  it  present 
an  envroaching  frontier :  there  being  no  instance  of  its  permanent  displacement 
by  any  other  race,  save  in  the  case  of  the  Arab  dominion  in  Spain,  which  has 
long  since  ceased ;  in  that  of  the  Turkish  dominion  in  Turkey  and  A^is  Minor, 
which  is  evidently  destined  to  expire  at  no  distant  period,  being  upheld  for  merely 
political  purposes  by  extraneous  influence ;  and  in  that  of  the  Magyars  in  Huo- 

'  The  population  of  Hioiiostan  has  been  commonlj  accounted  as  belonging  to  thia  divi- 
aion ;  but  thi'  more  intimate  tii«  knowl«i]ge  attained  of  its  character  and  lan^a^ef.  tfa» 
Diore  dooa  it  lead  to  the  ouaolufiion  that  the  great  tnus  of  this  populatioa  is  really  of  Hoo- 
golian  desoent  (\  954). 

•  •'  Od  the  Eastern  Origin  of  tho  Celtic  Nations,"  1881. 

'  This  view,  which  waseuggested  by  the  Author  in  the  "BriL  and  For.  Med-  EeT-,"Oct 
1847,  withnut  the  knowleilgo  that  it  bai^  been  elsewhere  propounded,  baa  been  put-fortk 
with  conBidemble  confidenoe  by  Dr.  Latham  ("Varieties  of  Man,"  1860),  as  having  origj- 
rated  with  Arndi  a&d  b««a  adopted  by  Bask,  dittingoished  Saondiaaviaa  ethnologlsta 
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fary,  who  only  raaintain  their  ground  through  their  complete  assimilation  to  tha 
ndo-Qernaanic  character.  It  is  a  rcinarkabte  fact,  that  in  mo»t  capes  in  which 
this  race  extends  itself  into  countries  previously  teaaated  by  people  of  an  entirely 
different  type,  the  latter  procjressively  dcoline  and  at  last  disappear  before  it,  pro- 
vided the  climate  be  such  as  enables  it  to  maintain  a  vigoroue  existence;  this  is 
pre-emitiently  the  case  in  North  and  South  America,  in  Australia,  in  New  Zen- 
land,  and  in  many  of  the  smaller  Polynesinn  inlands.  And  where  the  climate  is 
less  fuTOumble  to  the  perpetuation  of  the  race  in  its  purity,  an  intermixture  with 
the  native  blood  frc<:iuently  gives  oripn  to  a  mixed  race,  which  possesses  the  de- 
veloped intellect  of  the  one,  and  the  climatic  adaptiveness  of  the  other,  and  which 
appears  likely  ultimately  to  take  the  place  ofbotn. 

U52,  The  Si/ro-Aralian  or  iSemitic  nations  agree  with  the  preceding  in  gene- 
ral physical  characters,  but  differ  entirely  in  the  structure  of  their  language,  nnd 
for  the  moat  part  in  vocabulary  also,  though  recent  researches  seem  to  indicntc 
that  certain  roots  of  the  Semitic  and  Indo-Gcrmanic  lanjruages  have  a  decided 
a£Bnity.  It  seems  quite  certain,  however,  that  the  linguistic  affinitie.i  of  the  Se- 
mitic nations  are  rather  with  the  A/riran  than  with  the  Indo-Rurope.in  racei>i', 
luid  so  strong  is  the  link  of  connection  thus  established,  that  by  I>r.  Latham  they 
are  ranked  with  the  former  under  the  general  designation  AtfaniiJcr,''  whilst  Mr. 
Norris,  whose  authoriiy  upon  all  euch  eubjccta  is  desen-edly  great,  is  strongly 
disposed  (as  be  hag  himself  informed  iho  Author)  to  consider  them  nn  esiu-nttaUi/ 
A/riran  people. — The  t>riginal  seat  of  this  race,  however,  is  commonly  reputed  to 
have  been  that  region  nf  Asia  which  is  intcrraediate  between  the  countries  of  the 
ludo-European  and  of  the  Egyptian  races  ;  havin<r  ns  its  centre  the  region  watered 
by  the  great  rivers  of  Mesopotamia.  Several  of  the  nutions  primarily  constituting 
this  group  have  become  extinct,  or  nearly  so;  and  the  Arahg,  which  originally 
formed  but  one  subdivision  of  it,  have  now  become  the  dominant  race,  not  only 
tbroughijut  the  ancient  domain  of  the  Syro- Arabian  nations,  but  also  in  Northern 
Africa.  In  the  opinion  of  Barnn  Larrey,  who  had  ample  opportunities  for  obser- 
vation, the  skulls  of  the  Arabian  race  furnish,  at  present,  the  most  complete  type 
of  the  human  head ;  and  he  considered  the  remainder  of  the  physical  frame  as 
equally  distinguished  by  its  superiority  to  that  of  other  races  of  men.  The  differ- 
ent tribes  of  Arabs  preaent  very  great  diversities  of  colour,  which  are  genemlly 
found  to  coincide  with  variations  in  climate.  Thus  the  Shepya  Arab?,  and  others 
living  on  the  low  countries  bordering  on  the  Nile,  are  of  a  dark -brown  or  even 
black  hue;  but  even  when  quite  jetty,  they  are  distinguished  from  the  Negro  races 
by  the  brightness  of  their  complexions,  by  the  length  and  straightness  of  their 
hair,  and  by  the  regularity  of  their  features.  The  same  may  be  said  of  the  wan- 
dering Arabs  of  Northern  Africa;  but  the  influence  of  climate  and  circutnstances 
U  still  more  strongly  marked  in  some  of  the  tribes  long  settled  in  that  region, 
whose  descent  may  be  traced  to  a  distinct  branch  of  the  Syro-Arabian  stock, 
namely,  the  Berber^  to  which  belong  the  Kobyles  of  Algiers  and  Tunis,  the  Tua- 
ryksi  of  Sahara,  and  the  Guancbe»  or  ancient  population  of  the  Canary  Isles. 
Amongst  these  trills,  whoso  a£Snity  is  indisputably  traceable  through  their  very 
remarkable  language,  every  gradation  may  be  seen,  from  the  intense  blackness  of 
the  Negro  skin,  to  the  more  swarthy  hue  of  the  inhnbitanta  of  the  South  of  Eu- 
rope. It  is  remarkable  that  some  of  the  Tuaryk  inhabitants  of  particular  Oases 
in  the  great  desert,  who  arc  almost  as  insulated  from  comiimnicatiun  with  other 
races  as  are  the  inhabitants  of  islands  in  a  wide  ocean,  have  hair  and  features 
that  approach  those  of  the  Negroes;  although  they  speak  the  Berber  language 
with  such  purity,  as  to  forCid  the  idea  of  the  intr<jduction  of  these  characters  by 
an  intermixture  of  races.  The  J^wt.,  who  are  the  only  remnants  now  existing  of 
the  once-powerful  Phoenician  tribe,  and  who  are  now  di.^pcrsed  through  nearly 
every  country  on  the  face  of  the  earth,  present  a  similar  diversity^  having  grado* 

'  S««  liu  "  VarioUes  of  Man,"  1860,  p.  469. 
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ally  assimibted  in  physical  characters  to  the  natioas  amoBg  which  thej  hm.  kt 
loog  resided  (§  934). 

953.  The  secood  primary  diviaion  of  the  Human  family,  accordinf:  to  iLe  u- 
rangemeDt  of  Blumenbach,  is  that  commoaly  termed  MomjoUnn.     The  real  Moa- 
gols,  however,  constitate  bat  a  single  and  not  very  coDsidersble  member  of  ike 
group  of  natioDB  as»x;iated  under  ibis  dcsigoatioa;  which  is,  therefure,  by  m 
means  an  appropriate  one.     The  original  seat  of  these  races  appears  to  have  ben 
the  great  central  elevated  plain  of  Asia,  in  which  all  the  great  rirers  of  that  ooft- 
tincnt  have  their  sources,  whatever  may  be  their  subsequent  direction.    Tikca 
as  a  whole,  this  division   ia  characterized  by  tbo   pyramidal   form  of  the  aktll, 
whose  antero-postcrior  diuraetcr  scarcely  exceeds  the  parietal,  and  by  the  brad 
flat  face  and  prominent  cheek-bones ;  by  the  flattening  of  the  nose,  which  Mas' 
ther  arched  nor  aquiline  ;  by  the  eyes  being  drawn   upwards  at  their  outer  in|^; 
by  the  xanthous  or  olive  complexion,  which  sometimes  becomes  fair,  bat  frt^ 
quently  swarthy;  by  the  scantinesa  and  straigbtoess  of  the  hair,  and  definencjof 
beard ;  and  by  lowocss  of  stature.     These  characters,  however,  are  exhibtttd  iat 
prominent  degree  only  in  the  more  typical  members  of  the  group,  especially  x\m 
inhabiting  Nortbem  and  Central  Asia;  and  may  become  so  greatly  modiihd, « 
to  cease  altogether  to  be  recognizable.     Such  a  modification  has  been  remaikiUj 
effected  in  the  case  of  a  part  of  the  Turkith  people,  now  so  extensively  distribotai 
I  Jlill  the  most  learned  writers  on  Asiatic  history  are  agreed   in  opinion,  that  tin 
'Turkish  races  are  of  one  common  stock ;  althoucrh  at  present  they  vary  in  pliwi- 
oal  charaotera,  to  such  a  degree  that,  in  some,  the  original   type  has  been  ilt^ 
tber  changed.     Those  which  still  inhabit  the  ancient  abodes  of  the  race,  and  pn- 
serve  their  pastoral  nomadic  life,  present  the  physiognomy  and  general  chaneetr- 
istics  which  appear  to  have  belonged  to  the  original  Turkomans;  and  these  an^ 
decidedly  referable  to  the  so-called  Mongolian  type.     Before   (he  Mahomi&«d^^| 
era,  however,  the  Western  Turks  or  Osnianlis  had  adopted  more  settled  babi^l 
and  had  made  considerable  progress  in  civilization;  and  their  adoption  of  thereK* 
gion  of  Islam  incited  them  to  still  wider  extension,  and  developed  that  spirit  of 
conquest^  which,  during  the  middle  ages,  displayed  itself  with  such  remarkaU* 
vigour.     The  branches  of  the  race,  which,  from  their  long  settlement  in  Europe, 
'have  made  the  greatest  progress  in  civilizatioa,  now  exhibit  in  all  essential  ptiti-, 
nolars  the  physical  characters  of  the  European  model ;  and  these  are  particulariy 
apparent  in  the  ooaformation  of  the  skull. — Another  marked  departure  fron  the 
ordinary  Mongolian  type,  is  presented  by  the  Hyperborean  tribes  inhabiting  the 
borders  of  the  Icy  Sea;  these  have  for  the  most  part  a  pyramidal  skull,  but  their 
complexion  ia  swarthy  and  their  growth  is  peculiarly  stunted;  and  they  form  the 
link  that  connects  the  ordinary  Mongolidse  with  the  Lapps  and  Finns  of  Europe 
on  one  side,  and  with   the  Esquimaux  of  North  America  on    the    other.     TIn 
Ugrian  division,  which  migrated  towards  the  north-west  at  a  very  early  period, 
planted  a  colony  in  Europe,  which  still  tenants  the   northern   Baltic  couctriet) 
formiog  the  races  of  Finn*  and  Loppn,     In  the  time  of  Tacitus,  the  Finns  wsn 
as  savage  as  the  Lappa;  but  the  former,  during  the  succeeding  ages,  becani 
fur  civilized,  as  to  exchange  a  nomadic  life  for  one  of  agricultural  pursnits, 
have  gradually  assimilated  with  the  surrounding  people;  whilst  the   XAppa, 
the  Siberian  tribes  of  the  same  race,  have  ever  since  continued  to  be  b&rl 
nomades,  and  have  undergone  no  elevation  in  physical  characters.      The  sams  di* 
vision  gave  origin  to  the  Atagynn  or  Hungarians;  a  warlike  and  energetic  people, 
unlike  their  kindred  in  the  North;  in  whom  a  long  abode  in  the  centre  of  Europe 
has,  in  like  uianacr,  developed  the  more  elevated  charactera,  physical  and  meotal, 
of  the  EurupeuD  nations. 

954.  The  nations  inhabiting  the  South-eastern  and  Southern  portions  of  Asii,  ' 
also,  appear  to  have  had  their  origin  in  the  Mongolian  or  Centml- Asiatic  stock; 
although  their  features  and  form  of  skull  by  no  means  exhibit  its  obarscteristie 
marka^  but  present  such  departures  from  it,  as  are  elsewhere  observable  in  iBoe* 
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that  are  making  advances  in  civilization.     The  conformity  to  the  Mongoliun  type 
is  moat  dcfidedly  shown  by  ihc  tiatioits  (collectively  termed   Stri/ortn  by  Dr. 
I^atbaui),  which  inhabit  China,  Thibet,  the  Indo-Chinese  peninsula,  andi  the  base 
of  the  Uiuialayau  range ;  these  are  assuciated  by  certain  linguistic  peculiarities 
which  di.'^linguish  them  from  all  other  races ;  that  printitive  condition  of  human 
speech,  in  which  tbere  is  a  total  abi^cnce  of  iuflectious  indicative  of  the  relation 
of   the   principal  words  to  one  another;  being  apparently  preserved  with  less 
ehange  in  the  tongues  of  these  people,  than  in  those  of  any  otber.     The  Chinese 
may  be  physically  characteriKed  aa  Moujroliuus  softcned-down ;  and  in  pnesing 
from  China  towards  India,  throagh  the  Burmese   empire,  there  is  so  gradual  a 
transition  towards  the  ordinary  Hindoo  typo,  that  no  definite  line  of  demarcation 
can  be  anywhere  drawn.  — The  inhabitants  of  the  great  peninsula  of  HiudoBtan 
have  been  commonly  ranked  (as  already  remarked)  under  the  Caucasian  race; 
both  on  account  of  their  physical  conformity  to  that  type,  and  also  because  it  hftS 
been  considered  that  tbe  ba^ia  of  their  languages  is  Sanskritic,     It  is  certain, 
however,  that  this  conclusion  is  incorrect  with  regard  to  a  very  large  proportion 
1  of  the  existing  population  of  India;  and  there  is  strong  reason  to  believe  that  no 
part  of  it  bears  any  real  relation  of  affinity  to  the  Indo-European  group  of 
uutions,  except  such  as  may  be  derived  from  a  slight  intermixlurt      ThuB,  the 
Tamuliun,  which  is  the  dominant  language  of  Soufhern  India,  is  iinduubtedly 
not  Sauskritic  in  its  origin  (although  contaiaing  an  infusion  of  Sanskritio  words), 
but  mure  closely  approximates  to  the  Seriform  type  j  and  many  of  the  bill-tribes, 
io  different  parts  of  India,  speak  peculiar  dialects,  which,  though  mutually  un- 
iDtelligihle,  appear  referable  to  the  same  stock.     Now  it  is  among  this  pertion  of 
the  population  of  India,  that  the  greatest  departure  presents  itself  from  tbe  Cau- 
casian type  of  cranial  formation,  and  the  closest  conformity  to  the  Mongolian; 
the  cheek-bones  being  more  prominent,  the  hair  coarse,  scanty,  and  straight,  and 
the  nose  flattened;  sometimes,  also,  the  lips  are  very  thick,  and  the  jaws  project, 
showiDg  an  approximation  to  the  prognathous  type.     Now  in  the  opinion  of  Dr. 
Latham  and  Mr.  Norris,  the  variuus  dialects  of  Nurthern  India  (of  which  tbe 
Jliiiduitaui  is  the  moat  extensively  spoken)  are  to  be  regarded  as  belonging,  in 
virtue  of  their  fuiiciamental  nature,  to  the  same  group  witli  those  of  High  Asia, 
notwithstaudiag  the  large  infusion  of  Sanskritic  words  which  th«y  contain  ;  this 
infusion  having  been  introduced  at  an  early  period  by  an  invading  brunch  of  the 
Arian  stock,  of  whose  advent  there  is  historical  evidence,  and  wbose  deseenilants 
the  ordinary  Hindoo  population  have  been  erroneously  supposed  to  be.     Accord- 
ing to  tbis  view,  then,  the  influence  of  the  Arian  invasion  upon  the  language  and 
population  of  Northern  India,  was  very  much  akin  to  that  of  the  Normau  invBr 
bion  upon  thojie  of  England ;    the  number  of  individuals  of  the  invading  race 
being  so  small  in  propurtion  to  that  of  the  indigenous  population,  as  to  be  speedily 
merged  in  it,  not,  huwevur,  without  couLributiiig  to  an  elevation  of  its  physical 
characters;  and  a  large  number  of  new  words  having  been  in  like  manner  intro- 
duced, without  any  essential  change  in  the  type  of  the  original  language.     And 
thus  the  only  distinct  traces  of  the  Arian  stock  are  to  be  found  in  the  Brahmi- 
nical  caste,  which  preserves  (though  with  great  corruption)  the  original  Brahmi- 
nical  religion,  and  which  keeps-up  the  Sanskrit  as  its  classical  language;  it  it 
certain,  however,  that  this  raoe  is  for  from  being  of  pure  descent,  having  inter- 
mingled to  a  coDsiderablo  extent  with  the  ordinary  Hindoo  population.     There 
is  but  little  to  remind  us  of  the  Mongolian  type  in  the  oountenanccs  of  the 
Uiudoos,  which  ore  often  remarkable  for  a  symmetrica]  beauty  that  only  wants  a 
more  intellectual  expression  to  render  them  extremely  striking;  some  traces  of 
it.  however,  may  perbaps  be  fuund  in  the  rather  prominent  aygomatic  arches 
which  arc  common  amongst  them ;  bat  the  cranial  portion  of  the  skull  presents 
no  approach  to  the  pyramidal  type,  being  often  very  regularly  elliplical.     There 
is  a  remarkable  difference  in   tlie  colour  of  the  diflcrent  Hindoo  tribes;  some 
being  nearly  as  dark  as  Negroes,  others  more  of  a  copper  colour,  and  others  bui 
little  darker  than  the  inhabitants  of  Southern  Europe. 
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955.  According  to  the  usual  mode  of  dividing  the  Homao  famnj,  ike 
iian  or  Nrgro  stock  is  made  to  include  all  the  nations  of  Afrir-a,  tn  tbi 
rard  of  the  Atlas  range.     But,  on  the  one  hand,  the  Hott«-Dt«>tB  and  Bi 

the  southern  extremity  constitute  a  group  Vrbich  i»  strongly  dUlin^nidid 
physical  characters  from  the  rest  of  the  African   nalion^:   =o.  ^L!rlin,  tbe 
lorih  of  the  Great  Desert  '\&  mostly  occupiod  Ly  Srvit'ttr  tT  'Irt 

ered  population  of  the  Great  Desert  Itself  is  fur  fnini  l-i      _       ^         tt«»j 
ita  features;  the  valley  of  the  Nile,  at  least  in  \l»  niiddle  aod  lover  pnrticM,i» 
eluding  £gypt|  Nubia,  and  even  Abyssiuia,  ie  inhabited   by  a  group  of  wtiaH 
which  may  be  designated  as  Nilotic,  and  vhich  presents  a  series  cf  giadaliBMl 
transitions  between  the  Negroes  and  Eafires  and  the  Sciuitic  races;  a  iai^  p» 
tion  of  the  area  south  of  the  Equator  is  occupied  by  the  Kaffre  Iribee  aad  tbai 
allies,  which  cannot  be  truly  designated  as  Negroes  :  so  that  the  true  N^rroiM 
is  limited  to  the  weBteru  portion  of  the  African  continent,  including  the  allsiy 
valleys  of  the  Senegal,  the  Gambia,  and  the  Niger,  with  a  Darrov  strip  ^  ^I^M 
tral  Africa,  passing  eastwards  to  the  alluvial  regions  of  the  Upper  Nile-    Ji^^| 
within  this  area,  the  true  Negro  type  of  conformation,  such  as  we  see  in  theiM^^ 
which  inhabit  the  luw  oountries  near  the  Slave  Coast,- — consisting  in  the  eonbi- 
Bation  of  the  prognathous  form  of  skull,  with  receding  forehead  and  depifMd 
no^e,  thick  lip@,  black  woolly  hair,  jet-black  unctuoufl  skin,  and  crooked  lea,-' 
is  by  DO  meaus  universally  prevalent;  for  many  of  the   natioos  which  iskuil i^ 
xuust  be  ranked  as  sitb-ti/jrical  Negroes ;  and  from  these  the  gradation  id  pbjMri 
characters  is  by  no  means  abrupt,  to  thoHC  African  nations  which  po«iK!i«,itt 
considerable  degree,  the  attributes  which  we  are  accustontcd  t«  exclude  attogrtW 
from  our  idea  of  the  African  race.     Thus,  the  race  of  Juloft<   neur  tl>e  Sok^ 
and  the  Guber  in  the  interior  of  Sudan,  have  woolly  bair  and  deepblaek  ei» 
plexioiis,  but  fine  forms  and  regular  features  of  ■  European  cast ;  and  near!)  tV( 
same  may   be  said  of  the  darkest  of  the   Koffrcs  of  Southern   Africa.    TW 
Bechuana  Kaffres  present  still  a  nearer  approach  to  the  European  type ;  the  «»> 
plexioD  being  of  a  light-brown,  the  hair  often  not  woolly  but  inertly  curled,  or 
even  in  lung  flowing  ringlets,  and  the  figure  and  features  having  much  of  tke 
Eurojtean  cbaracter. — There  is  no  group,  in  fact,  which  presents  a  more  ccn^tut 
correspondence  between  external  conditions  and  physical  conformation,  than  tk( 
composed  of  the  African  nations.     As  we  find  the  complexion   becoming  f» 
dually  darker,  in  passing  from  Northern  to  Southern  Europe,  thence  to  NsHk 
Africa,  thence  to  the  borders  of  the  Great  Desert,  and  thence  to  the  iote 
region  where  alone  the  dullest  black  is  to  be  met  with, — sso  do  we  find,  on 
southwards  from  this,  that  the  hue  becomes  gradually  lighter  in  proportion  uwi 
proceed  further  from  the  equator,  uniil  we  meet  with  nices  of  comparatively  &r 
complexions  among  the  nations  of  Southern  Africa.     Even  in  the  intertrapiod 
region,  high  elevations  of  the  surface  have  the  same  eflect  as  we  have  seen  tba 
to  produce  elsewhere,  in  lightening  the  complexion.     Thus  the  high   pa; 

Senegambia,  where  the  temperature  is  moderate  and  even  cool  at  times  tn 

habited  by  Fulahs  of  a  light  copper  colour,  whilst  the  nations  iuhabitiD"  the 
lower  rcgiims  around  them  are  of  true  Negro  blackness;  and  nearly  on  tbe  mat 
parallel,  but  at  the  opposite  side  of  Africa,  are  the  high  plains  of  Enarea  aiid 
Aaffa,  of  which  the  inliubitunts  are  sud  to  be  fairer  than  the  natives  of  Southeia 
Europe. 

9&6.  The  languages  of  the  Negro  nations,  so  far  as  they  are  known,  appear  to 
bcKmg  to  one  group;  for  altliough  there  is  a  considerable  diversity  id  their  «► 
cabulnries  (aris^rng  m  great  part  from  the  want  of  written  records  which  wooU 
give  fixity  to  their  tongues),  yet  they  seem  to  present  the  same  grade  of  derek^ 
uient  aud  the  same  grammatical  forms ;  and  various  proofs  of  their  affinity  vitk 
the  Semitic  languages  have  been  developed,  these  being  afforded  by  similan'iT 
alike  of  roots  and  of  grammatical  construction.  The  Semitic  affinity  of  ite 
N^o  nations  is  further  indicated  in  a  very  remarkable  manner,  by  the  existOM 
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of  m  varietj  of  suporslilions  and  usages  among  the  Nefcroeft  of  the  Western  coaat, 
closely  resembling  those  which  prevail  also  anionj:  the  Nilotic  races  whose  Semitic 
rtlalioQs  are  most  clear,  as  well  as  among  branches  of  the  Semitic  stock  itself; 
I  and  thus  we  seem  to  have  adequafc  proof  of  the  absence  of  any  definite  line  of 
fieiuarcutiuTt,  iu  rej^ard  either  tu  ph^m'ulifjicol  or  to  ii»<juigtic  characters,  between 
the  Ncgrg  race,  and  one  of  those  which  has  been  hitherto  considered  to  rank 
among  the  must  elevated  furms  of  the  Caucasian  variety. — Nor  ia  there  anything 
in  \h.<i  p»y<hkal  character  of  the  Ncpro,  which  gives  us  a  right  to  separate  him 
from  otLer  races  of  Mankind.  It  is  true  that  those  races  which  have  the  Negro 
character  in  an  exaggerated  degree,  are  uniformly  in  the  lowest  stage  of  society, 
being  either  ferucious  i<Hvages,  or  stupid,  sensual,  and  ludulent ;  such  are  most 
of  the  tribes  along  the  Slave  Coast.  But,  on  the  other  band,  there  arc  many 
Negro  States,  the  inhabitants  of  which  have  attained  a  considerable  deg^ree  of 
improvement  in  their  social  condition  ;  sueh  are  the  Ashanti,  the  Salima,,and  the 
Daihomaas  of  Western  Africa,  also  the  Gaber  of  Central  Sudan,  among  which  a 
cunsidemble  degree  of  civilization  has  long  existed;  the  physical  characters  of 
oil  these  nations  deviate  conaidembly  from  the  strongly-marked  or  exaggerated 
type  of  the  Negro;  and  the  \as,i  are  perhaps  the  finest  race  of  genuine  Negroes 
.  OD  the  whole  continent,  and  present  in  their  language  the  most  distinct  traces  of 
'  x>riginal  relationship  to  the  Syro-Arabian  nations.  Tbc  highest  civilization,  and 
the  greatest  improvement  iu  physical  characters,  are  to  be  found  in  those  African 
nalioDS  which  have  adopted  the  MahomniedDn  religion ;  this  was  introduced, 
three  or  four  centuries  since,  into  the  eastern  portion  of  Central  Africa;  and  it 
appears  that  the  same  people,  which  were  then  existing  in  the  savage  condition 
still  exhibited  by  the  pagan  nations  further  south,  have  now  adopted  many  of  the 
»,rt«  and  iustitutioD.«i  of  civilized  society,  subjecting  themselves  to  governments, 
practising  agriculture,  and  dwelling  in  towns  of  considerable  extent,  many  of 
■which  contain  10,000,  and  some  even  30,000  inhabitants;  a  circumstance  which 
implies  a  coosiderable  advancement  in  industry,  and  in  the  resources  of  subsist- 
ence. This  last  fact  affords  most  striking  evidence  of  (he  improvtibilitt/  of  the 
Uegro  races;  and,  taken  in  connection  with  the  many  instancea  that  have  pre- 
sented themselves,  of  the  advance  of  individuals,  under  fa^'ourablc  circamstancea, 
to  at  least  the  average  degree  of  mental  development  among  the  European  nations, 
it  affordij  clear  proof  that  the  line  of  demarcation,  which  hes  been  supposed  to 
eeparate  them  intellectually  and  morally  from  the  races  that  have  attained  the 
greatest  elevation,  has  no  more  real  cxit^tence  than  that  which  has  been  supposed 
to  be  justified  by  a  difference  in  physical  characters,  and  of  which  the  fallacy  has 
been  previously  demonstrated. 

957.  The  muthern  portion  of  the  African  continent  is  inhabited  bj  a  group 
of  nations,  which  (as  already  mentioned)  recede  more  or  less  decidedly  from  the 
Negro  type  iu  physical  characters,  and  which  seem  connected  together  by  essen- 
tial community  of  language,  aa  branches  of  (be  stock  of  which  the  Kaffres  may 
b«  coubidered  the  stem.  Iu  this  warlike  nomadic  people,  which  inhabit  the 
eastern  parts  of  South  Africa,  to  the  northward  of  the  Hottentot  country,  so 
great  a  departure  from  the  ordinary  Negro  type  presents  itself,  that  many  travel- 
lers have  assigned  to  them  a  different  origin.  The  degree  of  this  departure, 
however,  varies  greatly  in  the  different  Kaflfre  tribes ;  for  whilst  some  of  them 
are  black,  woolly- headed,  and  decidedly  prognathous,  so  as  obviously  to  approach 
the  modified  Negroes  of  Congo  in  general  aspect,  others  recede  considerably  fixnn 
the  typical  pruguathous  races,  both  in  complexion,  features,  and  form  of  head, 
presenting  a  light-brown  colour,  a  high  forehead,  a  prominent  nose,  and  a  tall, 
robust,  well-shaped  figure.  Tlie  thick  lips  and  black  frizzled  hair,  however, 
are  generally  retained ;  though  the  hair  is  sometimes  of  a  reddish  colour,  and 
I^Mioomea  flowing;  and  the  features  may  present  a  European  cast.  But  even 
umong  the  tribes  which  depart  most  widely  from  the  Negro  type,  Individuals  are 
Ijuund  who  preaent  a  return  to  it;  and  it  is  interesting  to  remark,  that  the  people 
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of  Delagoa  Bay,  thouf^h  of  the  Kaffre  race  (as  indicated  bj  their  laognsse'), 
having  been  degraded  by  8ubju<)^tion,  approach  the  people  of  the  Guinea  Coast 
in  their  physical  charucter^.  In  fact,  between  the  most  elevated  Kaffre  and  the 
most  degraded  Negro,  every  posisible  gradation  of  physical  and  psychicaJ  charao 
tera  ia  presented  to  na,  as  vre  pass  DortLwanJs  and  westwards  from  KafFrvia 
towards  the  Guinea  Coast;  and  we  D)eet  with  a  similar  transition,  although  not 
carried  to  so  great  an  extent,  as  we  pass  up  the  eastern  coast.  —  The  laogoageB 
of  the  Kafifres  and  other  allied  tribes  are  distinguishod  by  a  set  of  rcmarkablA 
characters,  which  have  been  considered  as  isolating  them  from  other  Airioan 
tongues.  According  to  Dr.  Latham,  however,  these  peculiarities  are  not  no  &r 
without  precedent  elsewhere,  as  to  establish  the  very  decided  line  of  demarcation 
which  some  have  atleraptcd  to  draw ;  and  may  be  regarded,  in  fact,  as  resulting 
from  the  fuller  development  of  tendencies  which  manifest  themselves  in  other 
African  languages. 

958.  The  Hottentot  race  differs  from  all  other  South  African  nations,  both  in 
language  and  in  physical  conformation.  Its  bnguage  cannot  be  shown  to  possess 
distinct  affinities  with  any  other  stock  ;^  but  in  bodily  structure  there  is  a  !«• 
niarkablc  admixture  of  the  characters  of  the  Mongolian  with  those  of  the  Negro. 
Thus  the  face  presents  the  very  wide  and  high  cheek-bones,  with  the  oblique 
eyes  and  flat  nose,  of  the  Northern  Asiatics;  at  the  same  time  that,  in  the  some- 
what promineot  muzxle  and  thick  lips,  it  resembles  the  countenance  of  the  Negro. 
The  complexion  is  of  a  tawny  buff  or  fawn  colour,  like  the  black  of  the  Negroes 
diluted  with  the  olive  of  the  Mongols.  The  hair  is  woolly,  like  that  of  the  Ne- 
groes, but  it  grows  in  small  tufts  scattered  over  the  surface  of  the  scalp  (like  a 
scrubbing-brush),  instead  of  covering  it  uniformly;  thus  resembling  in  its  com- 
parative ^oantincsa  that  of  the  Nortbero  Asiatics.  It  is  most  interesting  to 
observe  this  remarkable  resemblance  in  physical  characters,  between  the  Hotten- 
tots and  the  Mongolian  races,  in  connection  with  the  similarity  that  exists  be- 
tween the  circunistaoees  under  which  they  respectively  live;  and  it  is  not  a  little 
curious  that  the  Hottentot,  as  the  Mongol,  should  be  distinguished  by  the  extra- 
ordinary acutenesa  of  his  vision  (§  775).  No  two  countries  can  be  more  situibr, 
thau  the  va.st  steppes  of  Central  Asia,  and  the  karroos  of  Southern  Africa ;  and 
the  proper  inhabitants  of  each  are  notnadio  races,  wandering  through  deserts  re- 
markable for  tliG  wide  cxpimston  of  their  surface,  their  scanty  herbarre,  and  the 
dryness  of  their  atmosphere,  and  feeding  upon  the  milk  and  flesh  of  their  horses 
and  cattle.  Of  the  original  pastoral  Hottentots,  however,  comparatively  few  now 
reuiaia.  A  lar<re  proportion  of  them  have  been  gradually  driven,  by  the  en- 
croachments of  the  Kaffres  and  of  European  colonists,  and  by  internal  wars  with 
each  other,  to  seek  refuge  among  the  inaccessible  rocks  and  deserts  of  the  in- 
terior; and  have  thus  been  converted  from  a  mild,  unenterprising  race  of 
shepherds,  into  wandering  hordes  of  fierce,  suspicious,  and  vindictive  sarageSf 
treated  as  wild  beasts  by  their  fellow-meii,  until  they  become  really  assimilated 
to  wild  beasts  in  their  habits  and  dispositions.  Hence  have  arisen  the  tribes  of 
Bttshmrti  or  Bonjesmen^  whit^h  are  generally  regarded  as  presenting  the  most  de* 
gnided  and  miticrahle  condition  of  which  the  human  race  is  capable,  and  have 
been  supposed  (but  erroneoosly)  to  present  rcscmblaaces  in  physical  oharactcn 

'  It  ia  considered  by  Bome,  thnt  the  Hottentot  Innguage  is  a  degr&ded  KaflTre,  as  ths 
Sushmaa  laiigiinge  ia  a  dcgjaded  Hottentot;  but  the  Author  is  informed  bj  Mr.  Norria, 
that  he  sees  no  vntid  ^ound  fur  this  assumption,  the  affinities  of  tha  Hottentot  Ungtingfe 
being  rather,  in  hia  opinion,  with  the  Unfruagcs  of  High  .Asia,  although  the  connectioi; 
links  ure  extrpmelv  (iligbt.  8uch  ns  Ih^v  are,  hnwever,  they  tend  to  coofinn  an  id«a  ang- 
gested  la  the  Atiibor.  pdine  years  Biuce,  l>;  the  marked  reproduction  of  bo  majiy  Mongoli&n 
ehftrivct^rtt  in  the  Hottentot  race, — that  it  is  the  remnant  of  a  migration  from  Asia,  earlier 
than  that  in  which  the  great  bulk  of  the  African  cations  haTC  their  origin ;  and  that  it  has 
been  driven  down  to  the  remotest  comer  of  the  continent,  jnst  as  the  aborigina]  (Mon^ 
liao)  pupuhvtion  of  south- weatem  Europe  seems  to  have  been  driveo  back  by  the  lodo-En- 
I  ropean  iiamigratioa  {\  951). 
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to  the  higher  Quadrnrnana.  This  transformatioii  has  taken  place,  under  the 
obsen'ation  of  eje-witn esses >  in  the  Koranas,  a  tribe  of  Hottentots  well  known 
to  have  been  previously  the  most  advanced  in  all  the  improvements  which  belong 
to  pastoral  life ;  for  having  bten  plundered  by  their  neiphbours,  and  driven-ont 
into  the  wilderness  to  subsist  upon  wild  fruits,  they  have  adopted  the  habita  of 
the  Bushaien,  and  have  become  assimilated  in  ovpi^  essential  particular  to  that 
tuiscrablc  tribe. — It  appears,  however,  from  the  inquiries  oF  Dr.  Andrew  Smith, 
that  tliia  process  of  degradation  has  been  in  operation  quite  independently  of 
external  agencies;  nearly  all  the  South  African  tribes  who  have  made  any  ad- 
vances in  civilization,  being  surrounded  by  roore  barbarous  hordes,  whose  abodes 
are  in  the  wildernesses  of  mountains  and  forests,  and  who  constantly  recruit  iticir 
numbers  by  such  fugitivea  as  crime  and  destitution  may  have  driven  from  their 
own  more  honcat  and  more  thriving  communities;  and  these  people  vary  their 
mode  of  speech  desifrnedly,  and  even  adopt  new  wurds,  in  order  to  make  their 
meaning  unintelligible  to  all  but  the  members  of  their  own  association.  This 
has  its  complete  parallel  in  the  very  midst  of  our  own  or  any  other  highly-civil- 
ized community ;  all  our  large  towns  containing  spots  nearly  as  inaccessible  to 
those  unacquainted  with  them,  as  are  the  rude  caves  or  clefb  of  hills,  or  the  bur- 
rows seooped-out  of  the  level  karrai,  in  which  the  wretched  Bushman  lies  in  wait 
for  his  prey;  and  these  being  tenanted  by  a  people  that  have  beeu  well  charac- 
terized as  leu  clasttA  dan(/erev»es^  which,  as  often  as  the  arm  of  the  law  is  para- 
lyicd,  issue- forth  from  tht?  unknown  desert-s  witbin  which  they  lurk,  and  rival  in 
their  fierce  imluSgeuce  of  the  most  degrading  passions,  and  in  their  excesses  of  wan- 
ton crutdty,  the  moat  terrible  extiibitions-of  barbarian  iohuraauity.  Such  outcasts, 
in  all  nations,  purpoRcly  adopt,  like  the  Bushmen,  a  '  flash '  language ;  and  in 

I  their  general  character  and  usages,  there  is  a  most  striking  parallel.' 
959.  The  Ameruan  nations,  taken  collectively,  form  a  group  which  appears  to 
lave  exbtcd  as  a  separate  family  of  Dations  from  a  very  early  period  in  the  world's 
blstory.  They  do  uot  form,  however,  so  distinct  a  variety,  in  regard  to  physical 
characters,  as  some  anatomists  have  emleavoured  to  prove ;  for,  although  certain 
peculiarities  have  been  stated  to  exist  in  the  iikulls  of  the  aboriginal  Americans, 
yet  it  is  found  on  a  more  exten.sive  examination,  that  these  peculiarities  are  very 
limited  in  their  extent,— the  several  nations  spread  over  this  vast  continent,  dif- 
fering from  eiich  other  in  phyBtua!  peculiaritioa,  as  much  as  they  do  from  those 
of  the  Old  World,  so  that  no  typical  form  can  be  made-out  among  them.  In 
regard  to  complexion,  again,  it  may  be  remarked,  that  althaugh  tho  native 
Americans  have  been  eomraonly  eharacti-rized  as  "red  men,"  they  are  by  no 
means  invariably  of  a  red  or  coppery  hue,  some  being  as  fair  aa  many  European 
nations,  others  being  yellow  or  brown,  and  others  nearly,  if  not  quite,  as  black  aa 
the  Negroes  of  Africa;  whilst,  on  the  other  hand,  there  are  tribes  equally  red, 
and  perhaps  more  deserving  that  epithet,  in  Africa  and  I'olynesia.  Our  ordinary 
notion  of  the  American  races  having  been  chiefly  founded  upon  the  characters  of 
those  tribes  of 'Indians'  with  whom  European  settlers  first  came  into  contact, 
proves  to  be  no  more  applicable  to  the  inhabitants  of  the  Continent  generally,  than 
are  the  characters  of  tho  Negro  to  tho  population  of  Africa  as  a  whole  (§  955). — 
In  spite  of  all  this  diversity  of  conformation,  it  is  believed  that  the  structure  of 
their  languages  affords  a  decided  and  elearly-markcd  evidence  of  relationship  be- 
tween them  (§  949).  Notwithstanding  their  diversities  in  mode  of  life,  too, 
there  are  peculiarities  of  mental  character,  as  well  as  a  number  of  ideas  aud  cus- 
toms derived  from  tradition,  which  seem  to  be  common  to  them  all;  and  which 
for  the  most  part  indicate  a  former  elevation  iti  the  scale  of  civilization,  that  has 
left  its  traces  among  them  even  in  their  present  depressed  condition,  and  still  distin- 
guishes them  from  the  sensual,  volatile,  and  almost  animalized  savages,  that  are 
to  bo  met-with  in  many  parts  of  the  Old  Continent. — The  E9«:[uimauz  have  been 
regarded  as  constituting  an  exception  to  all  general  accounts  of  the  physical  cha- 
■  gflfl  "London  Labour  and  the  Londan  Poor,"  p.  2. 
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meters  of  the  American  nations ;  for  in  the  confioruration  of  their  skaUs,  as  aIbo 
in  their  complexion  and  general  pbysiognomy,  they  conform  to  the  Mongolian 
type,  oven  pre?entinjj  it  in  an  exaggerated  degree ;  whilst  their  wide  extensioD 
aioDg  the  whole  aorthern  coast  of  AToerica;  through  the  Aleutian  Islands,  and 
even  to  the  Continent  of  Aeia,  certainly  lend  weight  to  the  idea  that  they  derive 
their  origin  from  the  Northern  Asiatic  stock.  But  the  increased  acqaaintance 
which  has  been  recently  gained  with  the  tribes  that  people  the  north-eastern  por- 
tion  of  the  Amcncau  Conliaent,  has  clearly  shown  that  no  physical  sepamtioo 
can  be  established  between  the  Esquimaux  and  the  Indian  proper;  the  one  form 
graduating  so  insicnsibly  into  the  other  as  to  make  the  distinction  between  the 
two  groups  as  difficult,  as  on  the  western  side  it  is  easy.  Hence  the  existence  of 
the  Esquimaux  population  in  this  situation,  afibrds  a  complete  link  of  transition 
between  tho  Asiatic  and  the  American  nations,  in  the  precise  region  in  which  the 
geographical  relations  of  the  two  continents  would  lead  us  to  expect  it. 

960,  It  now  remains  for  u.«t  to  notice  the  Oceanic  race?,  which  inhabit  the 
vast  series  of  islands  sfattcrcd  through  the  great  ocean  that  stretcher  from  Mada- 
gascar to  Ea."9ter  Island.  There  is  no  part  of  the  world  which  affords  a  greater 
variety  of  local  conditions  than  thi.s,  or  which  more  evidently  exhibits  the  effect* 
of  physical  agencies  on  the  organization  of  the  human  body.  Moreover,  it  affonls 
a  case  for  the  recognition  of  affinities  by  means  of  language,  that  possesses  nnoaaal 
stability ;  since  the  insulated  po.sition  of  the  various  tribes  that  people  the  remote 
spots  of  this  extensive  tract,  prevents  them  from  exercising  that  inflaeoco  upon 
each  other's  form  of  speech,  which  is  to  be  observed  in  the  case  of  nations  united 
by  local  proximity  or  by  frequent  intercourse.  Tried  by  this  test,  it  \s  found  that 
the  different  groups  of  people  inhabiting  tho  greater  part  of  these  insular  regions, 
although  so  widely  scattered  and  so  diverse  in  physical  characters,  are  more  nearly 
connected  together  than  moet  of  the  (iimilies  of  men  occupying  continuous  trads 
of  land  on  the  great  coDtincnts  of  the  globe. — The  inhabitants  of  Oceania 

divisible  into  two  principal  groups,  which  are  probably  to  be  regarded  as  having  

etitutod  distinct  races  from  a  very  early  period ;  these  ar«  the  Malayo- Polynesian 
race,  and  the  Negritos  or  Pelagian  Negroes. 

961.  The  Mnhjyfh Fofynfsian  group  is  by  far  the  more  extensive  of  the  two; 
and  comprehends  the  inhabitants  of  the  greater  part  of  the  Indian  and  Polvnemn 
Archipelagoes,  with  the  peninsula  of  Malacca  (which  is  the  centre  of  the  Mi  ^ 
proper),  and  perhaps  the  inhabitants  of  Madagascar.  These  are  all  closely  a 
by  affinities  of  language.  The  proper  Malays  bear  a  strong  general  resemblance 
to  the  Mongolian  raceg,  and  this  resemblonoo  is  shared,  in  a  greater  or  less  degree, 
by  most  of  the  inhabitants  of  the  Indian  Archipelago.  They  are  of  a  darker 
complexion,  as  might  be  expected  from  their  proximity  to  the  eaaator ;  but  in  this 
oomplexion,  yellow  is  still  a  large  ingredient.  The  Polynesian  branch  of  the  group 
presents  a  mneh  wider  diversity;  and  if  it  were  not  for  the  community  of  lan- 
guage, it  might  be  thought  tc  consist  of  several  races,  aa  distinct  from  each  other 
as  from  the  Malayan  branch.  Thus  the  Tabitians  and  Marqueeaas  are  tall  and 
well-made;  their  Ggures  combine  grace  and  vigour;  their  skulls  are  usually 
remarkably  pymraetrical;  and  their  physiognomy  presents  much  of  the  European 
cast,  with  a  \eTy  alight  admixture  of  the  features  of  the  Negro.  The  complexion. 
eapediilly  in  the  females  of  the  higher  classes,  who  are  sheltered  from  the  wind 
and  suD,  is  of  a  clear  olive  or  brunette,  such  as  is  common  among  the  nativefl  of 
Central  and  Southern  Europe;  and  the  hair,  though  generally  black,  ia  sometimes 
brown  or  auburn,  or  even  red  or  flaxen.  Among  other  tribes,  as  the  New  Zeal- 
anders,  and  the  tonga  and  Friendly  Islanders,  there  are  greater  diversities  of  con- 
formation and  hue;  some  being  finely  proportioned  and  vigorous,  others  cotn- 
pamtivcly  small  and  feeble ;  some  being  of  a  copper-brown  ctdour,  others  nearly 
black,  others  olive,  and  others  almost  white.  In  fact,  if  we  once  admit  a  stronglj- 
marked  difference  in  complexion,  feutures,  hair,  and  genond  configuration,  as 
entabVi&blDg  a  cVaxxu  lo  ou^tv^  ^\&ua<!,titv«aB  of  origin,  we  must  admit  the  applica- 


leaian 

lance  ^| 
■irree.    ^B 

I 


PELAOIAN-NEGRO,    PAPUAN,    AND    ALFORIAN    RACES. 


847 


>n  of  iLia  hypotbesis  to  almost  every  group  of  isluoda  in  the  Pacific ; — ao  idea, 
of  wliich  the  essential  commuDity  of  language  seems  to  afford  a  sufficient  refuta- 
tion. Among  the  inbabitants  of  Madagascar,  too,  all  of  which  speak  dialects  of 
the  saoie  language,  Bome  bear  a  strong  resemblance  to  the  Mulayati  type,  whilst 
others  present  approaches  to  that  of  the  Negro. 

902.  The  NajritOf  or  Fthi^iaK-Nf</ro  racea  must  be  regarded  aa  a  group  alto- 
gether distinct  from  the  preceding  j  having  a  marked  diversity  of  language  ;  and 
presenting,  more  decidedly  than  any  of  the  Malayo- Polynesian,  the  characters  of 
the  Negro  type.     They  form  the  predominating  population  of  New  Britain,  New 
Ireland,  the  Louisiadc  and  Solomon  Isles,  of  several  of  the  New  Hebrides,  and 
of  New  Caledonia;  and  they  seem  to  extend  westwards  iRto  the  mountainous  in- 
terior of  the  Malayan  FcDinsula,  and  into  the  Andaman  Inlands  in  the  Bay  of  Beo- 
gal.    The  Tasmaniang,  or  aborigines  of  Van  Dieman's  Land,  which  are  now  almost 
completely  exterminated,  undoubtedly  belonged    to  this  group.     Very  little  is 
known  of  them,  except  ibrough  the  reports  of  the  people  of  the  Malayo-Polynesian 
race  inhabiting  the  same  islands;  but  it  appears  that,  generally  speaking,  thej 
I  h»ve  a  very  inferior  physical  development,  and  lead  a  savage  and  degraded  life. 
There  is  consi  JerabJe  diversity  of  physical  characters  among  tbem ;    some  ap- 
proximating closely   in    hair,   complexion,   and   features,   to   the  Guinea-Coast 
Negroes;  whilst  others  are  of  yellower  tint,  straight   hair,  and   better  general 
development.     The  Pupuam,  who  inhabit  the  northern  coast  of  New-Guinea  and 
some  adjacent  islands,  and  who  aro  remarkable  for  their  large  busby  masses  of 
half-woi)lly  hair,  have  been  supposed  to  constitute  a  distinct  nw^e ;  but  there  is 
little  doubt  that  they  are  of  hybrid  descent,  between  the  Malays  and  the  Pelagian 
Negrws. — To  this  group  we  are  probably  to  ref<.*r  the  Af/orous,  or  Alforian  race, 
which  are  considered  by  some  to  be  the  earliest  inhabitants  of  the  greater  part  of 
the   Malayan  Archipetago,  and  to  have  been  supplanted  by  the  more  powerful 
people  of  the  preceding  nices,  who  have  either  extirpated  them  altogether,  or 
bave  driven  them  from  the  eonsta  into  the  mountainous  and  dosert  parts  of  the 
interior.    They  are  yet  to  be  found  in  the  centnil  parts  of  the  Moluccas  and  Philip- 
pines;  and  they  seem  to  occupy  most  of  the  interinr  and  southern  portion  of 
New  Guinea,  where  they  are  termed  Kndamcnes.     They  are  of  very  dark  com- 
plexion ;  but  their  hair,  though  black  and  thick,  is  lank,    Tliey  have  a  peculiarly 
repulsive  physiognomy ;  the  nose  ia  flattened,  so  as  to  give  the  nostrils  an  almost 
transverse  position  ;  the  check  bones  project ;  the  eyes  are  large,  the  teeth  promi- 
nent, the  lips  thick,  and  the  mouth  wide.     The  limbs  are  long,  slender,  and  mis- 
Bhupen.    From  the  close  rcscmbljioce  in  physical  characters  between  the  Enda- 
luenes  of  New  Guinea  and  the  aborigines  of  New  lloiland,  and  from  the  proximity 
between  the  adjacent  coasts  of  ihe^e  two  islands,  it   may  bo   surmised   (hat  the 
latter  belong  to  the  AIfuri:«n  race;  but  too  little  ia  known  of  the   language  of 
either,  to  give  this  inference  a  sufficient  stability.     In  tlic  degradation  of  their 
condition  and  manner  of  life,  iho  savages  of  New  Ilolland  fully  equal  the  Bush- 
tuoQ  of  Suuth  Africa;  and  it  is  scarcely  pos.sib]c  to  imagine  human  beings,  exist- 
ing in  a  condition  more  nearly  resembling  that  of  brutes.    But  there  is  reason  to 
believe,  that  the  tribes  in  closest  contact  with  European  settlers  are  more  miser- 
able and  savage  than  those  of  the  interior ;  and  even  with  respect  to  these,  in- 
creasing acquitiotance  with  their  language,  and  a  ooosequeut  improved  insight 
into  their  modes  of  thought,  tend  to  raise  the  very  low  estimuto  which  has  been 
f>ruied  and  long  maintainciJ,  in  regard  to  their  extreme  mental  degnidation.    The 
]ute^>t  and  most  authentic  statements  enable  us  to  recognize  among  them  the  same 
principles  of  a  moral  and  intelk-ctual  nature,  which,  in   more  cultivated  tribes, 
coustituLe  the  highest  endowments  of  humanity ;  and  thus  to  show  that  they  are 
not  separated  by  any  impassable  barrier  from   the  most  civilized  and  elevated 
nations  of  the  globe. — There  are  many  indications,  indeed,  that  the  Negrit<^)  race 
is  not  BO  radically  distinct  from  the  Mabyo- Polynesian,  as  the  marked  physical 
dissimilarity  of  their  respective  types,  and  the  apparent  want  of  conformity  b«- 
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tween  their  languogos*  would  tnake  it  appear.  For  ag,  on  the  one  hand,  Bome 
of  the  subdivisions  of  the  latter  present  u  decided  tendency  townrds  that  progna- 
thous cbnmcter  and  depth  of  complexion  which  are  typical  of  tbe  former,  so 
among  the  former  do  we  not  unfrequently  meet  with  a  lighter  shade  of  skin,  a 
greater  sjTiimetry  of  ekull,  and  a  considerable  improvement  in  form  and  feature. 
And  although  no  very  close  relationship  can  be  discovered  between  the  Negrito 
and  Malayo-Polynesian  lan^ruages,  yet  it  has  been  pointed-out  by  Mr.  Norris  th»t 
a  much  more  decided  relationship  exists  between  the  Australian  and  TamuUan 
(§  9Li4) ;  and  remote  as  this  connection  seems,  ihe  circumstance  add*  weight  to 
the  idea,  that  the  native  Australian  (with  other  Negrito  tribes)  are  an  oflset 
from  that  southern  branch  of  the  great  nomadic  efock  of  Central  Asia,  which 
seems  early  to  have  spread  itself  through  tbe  Indo-Ohincse  and  tbe  Indian 
Peninsulas,  and  to  have  even  there  shown  an  approximation  to  the  prognathooi 

963.  LooTting,  then,  to  the  great  diversity  which  exists  among  the  snbordinatQ 
groups  of  which  both  these  divisions  consist,  and  their  tendency  to  mntiial  ap- 
pro-timation,  it  cannot  be  shown  that  any  sufficient  reason  exists  for  i.solating 
them  from  each  other;  and,  aa already  remarked  (§  961),  there  seems  no  medium 
between  the  supposition  that  each  island  had  its  aboriginal  pair  or  pairs,  and  tbo 
doctrine  that  the  whole  of  Oceania  has  been  peopled  from  a  common  stock. 
Looking,  again,  to  the  verj'  decided  approximation  which  is  presented  by  certain 
Oceanic  tribes  to  tbe  Mongolian  type,  and  this  in  localities  which,  on  other 
grounds,  might  be  regarded  as  having  received  rhe  tinit  stream  of  migration,  the 
possibility,  to  say  the  least,  can  scarcely  be  denied,  that  the  main-land  furnished 
the  original  stock,  which  has  undergone  various  transformations  subsequently  to 
its  first  dispersion ;  these  having  been  the  result  of  climatic  influence  and  mode 
of  life,  and  having  been  chiefly  influenced  as  to  degree,  by  the  length  of  time 
during  which  the  transforming  causen  have  been  in  operation.  At  any  rate  it 
lay  be  safely  affirmed,  that  tlie  Oceanic  races  are  not  entitled  by  any  distioetivo 
[physical  peculiarity,  to  rank  as  a  group  which  mu^t  have  necessarily  had  an  ori- 
Iginal  stock  distinct  from  that  of  the  Contiuental  nations. 


CHAPTER  XVIII. 


OF  TffE   MODES   OP  VITAL  ACTIVITY  CHARACTERISTIC   OF  STTFERJBNT  AOI 

964.  Although  from  the  tirao  when  the  IJunfan  being  comes  into  the  world, 
to  the  final  cessation  of  his  corporal  existence,  the  various  functiunal  operations 
,0f  Organic  life  are  carried-on  with  ccaselens  activity,  whilst  tho.se  of  Animal  life 
[■re  only  suspended  by  the  intervals  of  repose  which  are  needed  for  the  renovation 
•of  their  organs,  yet  tlierc  are  very  marked  difterences,  not  only  in  the  dtyrtf  of 
\0ieir  united  actiii/i/,  but  also  in  the  relative  df greet  of  energy  which  they  nrvrr' 
nlli/  manifest,  at  different  epochs.  These  differences,  taken  in  conoectioo  with 
the  modifications  in  tbe  size  and  conformation  of  the  body  with  which  ihey  are 
in  relation,  mark -nut  the  whole  term  of  life  into  the  various  'Apes,*  which  are 
commonly  recognized  as  seven,  namely  Infancy,  Childhood,  Youth,  Adolescence, 
Manhood,  Decline,  and  Senility.  For  Physiological  purposies,  however,  a  lea 
DiiDuto  BulHiivision  is  equally  or  perhaps  more  appropriate ;  namely  the  three 
great  periods  of  Growth  and  Development^  of  Maturitj/,  and  of  Decline.  The 
lirat  comprehends  the  whole  of  that  series  of  operations,  by  which  the  germ 
evolves  itself,  at  the  expense  of  the  nutriment  which  it  appropriates  from  ex- 

•  Some  very  interesting  speculations,  based  on  the  most  reoenl  information,  respecting 
the  mode  in  which  tbe  greiit  Oceanic  region  has  been  peopled,  lire  put-forth  bj  Dr.  Latham 
oa  •'  Orr'a  Circle  of  Ihe  Scieacea,"  vol.  i.  pp.  841-349. 
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temal  Bonrces,  into  the  complete  orpnnisra,  posspssed  not  merely  of  its  full 
dimeosioaa,  but  of  ita  bipliest  capacity  for  every  kind  uf  functional  activiry  ;  tbia 
itidudefl,  therefore,  tbe  epoclis  of  Embryonic  life,  Infancy,  Childhood,  Youth, 
and  Adolescence,  all  of  which  are  oharacteriaed  by  iin  exr^gs  of  the  rojutfmrh've 
over  the  dettrurti've  changes  takincr-place  in  the  organism.  The  Becond  period 
ranges  over  the  whole  term  of  Manhood,  in  which,  the  organism  having  attuinod 
its  complete  devclnpnicnt,  is  broupht  into  vigorous  and  Bustained  activity ;  and 
in  which  it  is  vtaivhiinfd  in  a  condition  fitted  fnr  such  tiotivity,  by  the  efjuilibriutn 
which  subsists  between  tbe  operations  of  redintegration  and  of  disintegration. 
The  third  period  commences  with  the  incipient  failure  of  the  bodily  powers,  con- 
sequent upon  tbe  lUminished  activity  of  the  comtructive  powers,  as  compared 
with  that  of  the  changes  which  involve  dnjoienrtinn  and  dwny  ;  this  diminution 
begins  to  manifest  itself  during  the  latter  part  of  Middle  Life,  before  Old  age 
can  properly  be  said  to  commence  ;  and  it  continueai  in  an  increasing  ratio,  throaph 
the  whole  *  decline  of  life/  until,  the  reparative  powers  being  exhauflted,  Death 
aupervenes  as  tbe  necessary  termination  of  that  long  succession  of  phenomena 
of  which  Life  consists. 

965.  Akhough  the  organiMtion  of  the  body  at  each  epoch  may  be  "ruly  said 
to  be  the  reiinlfaiit  of  all  the  mufmof  changes  which  it  has  undergone  during 
the  preceding  periods,  yet  it  is  scarcely  possible  to  take  an  enlarged  view  of  tbe 
case,  without  perceiving  that  we  must  look  for  the  cause  of  this  succession  in 
those  fft/namtral  conditions,  the  presence  of  which  is  the  distinguishing  iittribute 
of  living  Blruotures,  Every  rotfstrtich've  act,  whether  this  consist  in  Growth 
(§  431)  or  in  Development  (§  342),  not  merely  recjuires  malcrifils  for  the  new 
tissue  produced,  hut  depends  upon  the  active  operation  oiti  format ioe  power,  with- 
out whose  agency  these  materials  would  remain  unorganized.  When  we  examine 
(See  Princ.  of  Gen.  Puys.  Am.  Ed.)  into  tlvc  source  of  tbe  formative  power 
which  wo  thus  gee  openiting  in  every  individual  orgnnism,  wo  find  tliat  it  is 
cbiefiy  traceable  to  the  I-'ht/st'cal  Forces  to  which  it  is  subjected  (lleut  being  the 
one  which  seems  to  bear  most  directly  upon  the  formative  operations) ;  these 
forces  being  metamorphoiied,  so  t^o  speak,  into  the  constructive  force  of  the  living 
body,  in  virtue  of  the  peculiar  endowments  of  its  material  substratum, — just  aa 
an  Electric  current  transmitted  through  the  different  nerves  of  Sense,  produces 
the  sensory  impressions  which  arc  characteri-itic  of  each  respectively  (§  731)  j  or  an 
the  some  current,  transmitted  through  one  form  of  Inorganic  matter,  prodncea 
Light  and  Heat,  through  another,  Chemical  Change,  or  through  another,  Mag- 
lieti.<)m.  But  we  must  also  recognize  in  the  Organism  at  large,  as  well  as  in  every 
integral  part  of  it  (|  340},  a  certain  capacity  for  growth  and  development, — 
which  is  tbe  original  endowment  of  its  germ, — which  not  only  determines  the 
mode  in  which  it  shall  progressively  evolve  its(.'lf  into  the  fabric  characteristic  of 
its  species  and  sex,  but  also  shapes  the  peculiarities  of  the  individual, — which 
serves  also  to  bring-about  the  perpetual  reconstruction  that  is  nee<ied  for  its  con- 
tinued maintenance,  and  is  peculiarly  manifested  in  those  reparative  processes 
which  make-good  losses  of  its  substance  resulting  from  injury  or  disease, — and 
of  which  the  cessation,  by  preventing  any  further  metamorphosis  of  Physical  into 
Vital  force,  causes  the  construL'tive  powers  to  fail  altogether,  so  that  the  Organism 
ia  resolved-back  by  these  very  forces,  into  tbe  various  forms  of  Inorganic  matter 
at  the  expense  of  which  it  had  been  built-up. 

966.  Now  this  'germinal  capacity*  is  most  strikingly  displayed  during  those 
earliest  periods  of  existence,  in  which  growth  and  development  alike  are  taking- 
place  most  rapidly ;  in  fact,  the  further  we  go  back  in  the  history  of  intra-uterine 
life,  the  more  energetic  do  we  perceive  its  manifestations  to  be.  For  when  we 
look  simply  at  the  hicretne  from  the  minute  point  that  constitutes  the  first  per- 
ceptible germ,  to  the  mature  foetus  of  6  or  7  lbs.  weight,  we  see  that  at  no  other 
period  of  existence  can  that  increase  be  compared  in  its  rate,  with  that  which 
presents  itself  during  the  uiuc  mimlhs  that  follow  coQception ;  and  if  we  go  mon* 
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into  detail,  we  find  tliat  it  is  jet  more  remnrknble  in  the  earlier  tlian  in  the  later 
ntonths  (§  06S).  So,  agnin,  it  is  in  the  first  few  weeks  of  embrj-onic  life,  that 
the  foundation  is  laid  of  most  of  its  permanent  organs,  in  the  midst  of  an  ap- 
parently-homogeneous mass  of  cells  j  whilst  in  the  succeeding  weeks,  these  rudi- 
laenta  are  evolved  into  the  Bcniblance  of  the  forms  they  are  subsequently  to 
present,  and  a  differentiation  ofd'asueg  bejjins  to  show  itself  in  their  several  parts; 
so  that  the  developmental  pnxipsa  is  so  far  advanced  at  little  more  than  half  the 
terra  of  gestation,  that  the  fiptus  may  even  then,  under  favourable  circumstance*, 
^maintain  an  independent  existence  {§  87G).  The  rate  of  increase  becomes  pro- 
[gressively  slower,  during;  the  advance  from  infancy  to  maturitj*;  and  the  energy 
fOf  the  developmental  processes  is  comparatively  enfeebled,  being  limited  to  the 
srfecting  of  structures  whose  foundations  had  been  previously  laid,  and  io  no 
instance  manifesting  itself  normally  in  the  evolution  of  a  new  part  or  oi^an. 
low  aa  there  is  n^  limit  (in  the  well-nourished  individual)  to  the  supply  of  Food 
and  Warmth,  it  follows  that  this  gradual  decline  of  formative  activity  must  btr 
•  •due  to  a  diminution  of  the  capnn'ti/  for  that  activity,  inherent  in  the  organism 
[Stsclf  J  and  this  diminution  is  still  more  strongly  marked  by  that  entire  cessation, 
both  of  increase,  and  of  further  devolopmenta!  changes,  which  constitutes  the 
iermioatioD  of  the  first  period.  For  the  organism  which  has  attained  that  stage 
lof  its  eiUtence,  has  so  far  lost  the  formative  capacity  which  characterized  its 
earlier  years,  that,  however  copious  the  supply  of  food,  however  abundant  the 
generation  of  heat,  it  can  thenceforth  do  no  more  than  maintain  it£  normal  con- 
dition, and  can  effect  this  for  only  a  limited  term  of  years.  It  seems  a  necessary 
•equence  of  this  scries  of  phenomena,  that  the  time  should  come,  when,  af^er  a 
period  of  gradual  decline,  the  germinal  capacity  of  the  organism  should  be  tc 
much  reduced  as  no  longer  to  suflSce  for  the  maintenance  of  it8  own  integritv; 
and  whenever  such  is  the  case,  the  termination  of  its  existence  aa  a  living  body 
must  be  the  necessary  result.  Hence  we  find  that  there  is  a  natural  limit,  n"t 
only  to  the  size  and  developnient  of  the  organism,  but  also  to  the  duration  of  it* 
life.  And  although  that  liinit,  in  each  case,  is  subject  to  variation  amongst  iti- 
(/iviifualg,  partly  in  consequence  of  diversity  of  external  conditions,  but  p.irlly 
(^it  may  be  surmised)  through  differences  in  the  measure  of  germinal  capacity 
possessed  by  each,  yet  there  is  a  limit  al^o  to  these  variations,  so  that  the  character 
of  the  Kpfciet  is  never  departed-from. 

967.  Prriod  o/  (irnwfh  nmf  Dtvcfopnurnt. — ^The  general  history  of  the  fircl 
part  of  this  period,  that  of  Embryonic  existence,  has  already  been  so  fully  given, 
that  it  is  only  necessary  here  to  remark  briefly  in  regard  to  the  character  of  its 
vital  operations,  that  the  whole  nisus  of  its  activity  is  directed  rather  to  the  per- 
formance of  the  veijetatitc  or  or'jdnic  than  to  that  of  the  animal  function?;  the 
action  of  the  heart,  and  the  occasional  reflex  movements  of  the  limbs,  being  its 
only  manifestations  of  Dcrvo-muscular  power.  And  thus  it  seems  to  be,  that  the 
formative  capacity  is  greater  during  embryonic  life,  than  at  any  subsequent  p«^- 
riod,  and  greater  in  its  earlier  than  in  its  later  stages ;  so  that  we  have  not  only 
evidence  of  an  extraordinary  power  of  regenerating  parts  which  have  been  lostbv 
disease  or  accident,  as  seen  in  attempts  at  the  reproduction  of  entire  limbs  af^r 
their  'spontaneous  amputation'  (§  359);  but  there  is  also  not  unfrequently  an 
absolute  excess  of  productive  power,  as  shown  in  the  development  of  supernume- 
rary organs,  which  may  even  proceed  to  the  extent  of  the  complete  duplicatinti 
of  the  entire  body,  by  the  early  subdivision  of  the  embryonic  structure  into  two 
independent  halves  (§  356). — It  i»  to  be  noticed,  also,  that  the  embryo  derive* 
its  supply  not  merely  of  food  bat  also  of  hetit,  from  its  mat'Crnal  parent;  and  it  is 
probably  owing  especially  to  the  constancy  with  which  this  force  operates,  that 
the  period  of  embrj'onic  development  is  so  uniform  in  Man  (as  in  wurm-blooded 
Animals  generally ),  by  comparison  with  the  corresponding  developmental  periods 
in  I'lanLs  and  cidd  hluoded  Ajiimals,  these  being  entirely  determined  by  the  de- 
cree of  heat  to  which  the  embryoea  are  aubjeeted. 
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y68.  It  h  freqaently  of  prc-vt  imp^rtflnco,  both  to  tlio  Practitionpr  ami  to  the 
Medical  Jurist,  to  be  able  to  dotenuine  the  ntfr  of  a  FtBtus,  frnm  tho  physical 
characters  which  it  presents;  and  the  fullowing  table  has  been  fmnied  by  Dever- 
prie'  in  order  to  facilitate  such  determination.  It  i^  to  be  remarked,  however, 
that  the  absolute  ietujth  and  wt>i<jht  af  \\\6  Enibrjo  are  muph  lees  wife  criteria,  than 
ita  degree  of  devffopmfnt,  as  indicated  by  the  relative  eTolution  of  the  several 
parts  which  make  their  appearance  successively.  Thus  it  la  very  possible  for  one 
child,  born  at  the  full  time,  to  wfitjh  less  than  another,  born  at  8  or  even  at  7 
nioolhs;  its  levifth,  too,  may  be  inferior:  and  even  the  positinn  of  the  middh 
poini  of  the  body  is  not,  takeo  alone,  a  safe  criterion,  since  it  is  liable  to  varia- 
tion in  individuals.' 

Embryo  Z  to  A  vukt. — It  has  the  form  of  a  serpent; — its  leagtli  from  3  to  5  lines;  ita 
b^ad  iDilicnted  bj  a  Bwelling; — its  camlnl  extremit;  (in  which  ia  seen  a.  irhite  \me>,  indi- 
cating the  continuation  of  the  medulla  splnAbs),  slender,  and  termtuating  in  the  umbiHoal 
cord; — the  tnuuth  indieated  by  a  cleft,  the  eyes  by  two  blnck  points; — members  begin  to 
appear  as  nipple-liicc  protuberances; — liver  occupies  the  whole  obdomeD  ; — the  bladder  ia 
verj  large.  The  chorion  is  villous,  but  its  villosities  are  still  diffused  over  the  whole 
aurfnce. 

Emfiryn  of  6  wftrife*. — Its  length  from  7  to  10  lines; — its  weight  from  40  to  75  grains; — 
face  difltioet  from  cranium; — aperture  of  nose,  mouth,  eyes,  and  ears  perceptibk; — head 
distinct  from  thorax; — hands  and  fore-arms  in  the  middle  of  the  length,  fingers  distinct: 
— legs  and  feet  situated  near  the  anus ; — clavicle  and  maxillary  bone  present  a  point  of 
ossification  ;— distinct  timfaiiicus  for  attachment  of  cord,  which  at  that  time  cortKi<<rfl  of  the 
omphalo-meseraic  vessels,  of  a  portion  of.the  urachutt,  of  a  part  of  the  intestinal  tube,  and 
of  filaments  which  represent  the  umbilical  vesHels.  The  placenta  begins  to  be  farmed; — 
the  chorion  still  separated  from  the  amnion ;  the  umbilical  vesicle  very  large. 

Embryo  oj'l  monthn. — Length  from  IG  to  19  Hoes; — weight  from  150  to  300  grains; — 
elbows  and  arms  detached  frum  the  trunk  ; — hvels  ami  knees  also  isolated; — rudiments  of 
the  Dose  and  of  the  tips  ;  palpebral  circle  beginning  to  show  itself; — clitoris  or  penis  appa- 
rent;— anus  marked  by  a  dark  spot; — rudiments  of  litngs,  ?pleen,  and  sopra-renal  cap- 
sules;— caecum  placed  behind  the  uoibilicus; — digestive  canal  withdrawn  into  the  abdo- 
meo; — urachna  visible; — osseous  points  in  the  frotttal  bone  and  in  the  ribs. — Chorion  com- 
mencing to  touch  the  amnion  at  the  point  opposite  the  insertion  of  the  placenta;  placenta 
begins  to  assume  its  regular  form  ; — umbilical  vessels  commence  twisting. 

Emhryo  I./3  montht, — Length  from  1  to  1\  inches; — weight  from  1  oi.  to  1}  oi.  (Troy); 
— head  voluminous  ;— eyelids  in  contact  by  their  free  margin; — membrana  pnpitlaris  visi- 
ble;— mouth  closed; — fingers  completely  separated;  —  inferior  eitremitios  of  greater  length 
than  rudimentary  tail ; — clitoris  and  penis  very  long; — thymus  as  well  as  supra-renal  cap- 
eulcH  present ;— ctecum  placed  below  the  umbilicus; — cerebrum  5  lines,  cerebellum  4  tines, 
medulla  oblongata  1|  line,  ami  medulla  spinalis  }  of  a  line,  in  diameter; — two  ventricles 
of  lionrt  distinct. — The  decidua  redexa  and  deridua  uterina  in  contact; — funis  contains 
uaibilioal  vet^elsand  a  little  of  the  gelatine  of  Warthon  ; — placenta  completely  isolated; — 
umbilical  vesicle,  ullanlois,  and  ompbalo-meseraic  vessels  have  disappeared. 

Fmttia  of  \  montht, — Length  £i  to  t}  inches; — weight  2^  to  8  ox.; — skin  rosy,  tolerably 
dense  : — mouth  very  large  and  open  ; — membrana  pupillaria  very  evident ; — nails  begin  to 
appear;  —  genital  organs  and  sex  distinct :^-C(GCum  placed  near  the  right  kidney  ; — gall- 
bladder appearing; — meconium  in  duodenum; — caecal  valve  visible; — umbilicus  placed 
near  pubis  ; — ossicula  auditoria  ossified  : — points  of  ossification  in  superior  part  of  sacrum  , 
— membrane  forming  at  point  of  insertion  of  placenta  on  uterus; — complete  contact  of  cho- 
riou  with  amnion. 

F<rlu»  of  G  montlii. — Length  6  to  7  inches; — weight  6  to  7  ox  ; — volume  of  head  still 
comparatively  great ; — «ails  fery  distinct; — bnir  beginning  to  appear; — skin  without  »e- 
baeeous  covering; — white  substance  in  cerebt^Hum  ;^henrt  and  kidneys  very  voluminous, 
— csecom  sitnated  at  inferior  part  of  right  kidney; — gatl-bladder  distinct; — germs  of  per- 
manent teeth  appear;  points  of  ossification  in  pubis  and  calcaneum; — meconium  has  a 
yellowish-green  tint,  and  occupies  oomniencement  of  large  intestine. 

Fatii»  r>f(i  montht. — Length  9  to  10  inches  ; — weight  1  lb.  ; — skin  presents  some  appear- 
ance of  fibrous  structure; — eyelids  still  ngglutinated,  and  membrana  pupillaris  remains; 
— sacculi  begin  to  appear  in  colon; — funis  inserted  a  little  above  pubis; — face  of  a  pur- 
plish red; — hair  white  or  silvery;— Htebaceous  covering  begiua  to  present  itself  ;—meoo- 

'  "MWccine  Legale,"  3i6me  edit  torn.  i.  p.  279. 

*  Ree,  on  this  last  point,  Moreau  in  "  Lancette  Fran^aiie,"  1837;  and  Dr.  A.  Taylor  in 
"Guy's  Hospital  Ueport?,"  1842. 
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t  um  in  Urge  intestine; — liver  dark-red : — ^&11-bladder  coutRJns  eeroas  fluid  destitute 
h  tternetie  ; — testes  near  kidneya; — pomta  of  OBsification  in  four  dirisiona  of  sternum;^ 
•Viddle  point  at  loircr  end  of  atemum. 

Fdtiut  ofl  monthe. — Length  13  to  15  inches; — weiK^t  3  to  4  lbs.; — skin  of  rosy  bae, 
thick,  und  fibrous; — aebaccoua  corcring  begins  to  nppesr; — nails  do  not  yet  reach  estre- 
mitiea  of  fin|i;era  ; — ejelids  no  lonf^er  adherent; — membrana  pnpillaris  (Ueappeanng: — a 
point  of  ossifisation  in  the  astral&ii^us ; — oieconiuro  occupies  nearly  the  whole  of  large  in- 
testine:— T&lvula:  oonniventes  begin  to  appear; — cfccam  placed  in  right  iliac  fossa; — left 
lobe  of  liver  almost  as  large  a«  right ; — gall-blndder  contains  bile  ; — brain  possesses  mure 
consistency ; — testicles  more  distant  from  kidneys ; — middle  point  at  a  little  below  end  of 
sternum. 

/te/w*  of  8  monthn. — Length  14  to  16  inches; — weight  4  or  61bB. : — skin  covered  with 
well-marked  sebaceous  envelope ; — nails  reach  extremities  of  fingers ; — roembraoii  papil- 
laris beuoines  invisible  during  this  month; — a  point  of  ossification  in  last  vertebra  of  sac- 
rum;— cartilage  of  inferior  extremity  of  femur  presents  no  centre  of  ossification: — brain 
has  some  indications  of  convolutions; — testicles  descend  into  internal  ring; — middle  point 
nearer  the  umbilicus  than  the  sternum. 

Fceitu  of  9  month*,  thtfuU  term. — Length  from  17  to  21  inches ; — weight  from  5  to  9  lb«., 
the  overage  probably  about  6J  lbs. ; — head  covered  with  hair  in  gre»ter  or  less  quantity, 
of  from  0  to  12  lines  in  length  ; — skin  covered  with  sebaceous  matter,  especially  at  bends 
nf  joints; — membrana  pupillaris  no  longer  exists; — external  auditory  meatua  still  cortila- 
ginous; — four  portions  of  occipital  bone  remain  distinct; — os  hyoidee  not  yet  ossified: — 
point  of  ossification  in  the  centre  of  OArtilage  at  lower  extremity  of  femur; — white  and 
grey  substances  of  brain  become  distinct ; — liver  descends  to  umbilicus ; — testes  have 
pa-i^Hed  inguinnl  ring,  and  are  frei^uently  found  in  the  scrotum; — meconium  at  terminaiiun 
of  large  intestine ; — middle  point  of  body  at  umbilicus,  or  a  little  below  iU 


969.  From  the  time  of  itfl  entrance  into  the  world,  the  condition  of  the  Haroftn 
Infant  is  essentially  changed,  .  It  is  no  lonjjer  aapplied  with  nutriment  by  the 
direct  transmission  of  orsTinizable  matorials  from  the  circulating  fluid  of  the 
mother  to  its  own  ',  but  obtains  it  by  the  processes  of  digestion,  absorption,  and 
nssiuiilation,  which  involve  the  establishmont  of  new  modes  of  vital  activity  in  its 
own  or^ninisin.  In  order,  however,  that  the  change  may  not  be  too  sudden,  the 
niitrimerit  provided  by  Nature  for  the  early  period  of  infantile  life,  is  such  as  lo 
occasion  the  least  possible  demand  upon  its  vital  powers,  for  the  preparation  of 
the  organiitabie  material  which  is  re(]uired  for  its  further  growth  and  develop, 
uient.  But  the  transition  ia  a  most  important  one  in  another  particular;  the 
infant  is  now  thrown  in  a  great  degree  upon  its  own  resources  for  the  generation 
of  its  Heat;  and  this  it  is  enabled  t^  accomplish  by  the  combustion  of  a  portion 
of  its  food  which  Is  specially  provided  for  the  purpose;  this  combustion  beint; 
promoted  by  the  arrangement  for  that  active  Respiration,  which  now  supersedes 
the  very  limited  aeratinn  of  its  circulating  fluids  that  waa  sufficient  during  fcetal 
life.  In  the  luoveiuents  of  the  respiratory  muscles  and  of  the  walls  of  the  ali- 
mentary conal,  we  have  a  new  source  of  expenditure  of  vital  force,  and  of  destruc- 
tion of  tissue;  and  this  expenditure  is  progressively  augmented,  as  the  motions 
of  the  body  and  limbs  become  increasingly  active.  Thus  we  find  that  the  forma- 
tive powers  are  not  exercised  during  Infancy  and  Childhood,  solely  in  the  nm- 
yfrurtii'ii  rjnd  augmentadnn  of  the  fabric  (as  they  were  during  embryonic  life), 
since  there  is  a  constant  demand  upon  them  for  its  maintntancf: :  and  this 
demand  becomes  greater  and  greater,  in  pniportion  to  the  activity  of  the  Animal 
powers.  These,  at  first  called  into  exercise  by  the  stimulus  of  sensory  unpn»- 
siona  upon  the  Nervous  system  (§  591),  are  speedily  brought  into  very  ener^tic 
operation.  This  operation  is  of  an  extremely  limited  character,  being  at  firrt 
purely  xrrMU}rial,  and  for  some  time  afterwards  simply  perreptiw  (§  603).  ]3ut 
the  irhnlf.  Mind  (such  as  it  is),  being  given-up  to  it,  lutbit*  of  ohservation  are 
fortued,  which  are  never  subsequently  lost;  the  infant  learns  hov)  to  u»e  his 
Organs  of  Sense;  and  he  also  ac^quires  those  powers  of  interpreting  their  indica- 
tions, wliich  become  so  completely  engrafted  into  his  nature,  as  henceforth  to 
Kceni  a  part  of  it.  Although  this  Education  of  the  Senses  will  nec«ssanlv  go- 
OQ^  even  without  any  intentional  assistance  on  the  part  of  others,  yet  it  b  in  the 
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power  of  the  Mother  or  Nurw?  to  promote  it  effectually,  by  eupplying  objects  of 
v:iriuus  kinds  whifh  the  Infant  may  look-at  and  grasp,  and  by  not  abruptly  inter 
furiog  (by  tbe  too-speeJy  witlKlravral  of  such  objects)  witb  the  process  by  whiclr 
the  visual  and  tactile  perceptions  are  blended  and  harmonized  (§  758).  —  Th* 
Nervous  syatem  of  the  Infant,  althouph  thus  called  into  extraordinarily-energetic 
tictirity,  cuunot  long  sustain  that  activity ;  a  very  large  measure  of  trlcep  is  re 
quired  fur  tbe  resturation  of  its  speedily-exhausted  powers;  and  any  unu^ua]  ex 
citeuient  of  theto  teuiis  to  injurious  disturbances  of  its  nutrition.  It  is  owing  t( 
this  peculiar  susceptibility  of  ihe  Nervous  system  of  tbe  Infant  to  external  in- 
fluences, that  mediciues  (especiully  narcotics)  wbich  exert  a  special  influence  upon 
that  system,  are  bo  peculiarly  potent  in  their  effects  at  tbia  period  of  life,  that  the 
greatest  caution  is  needed  in  their  aduiiDistrutlun. 

970.  The  most  iniportiint  developmental  change  which  occurs  in  Infancy, 
after  the  complete  establishnient  of  the  extra-uterine  circulation  (§  897),  is  the 
completion  and  eruption  of  the  first  set  of  Teeth ;  tbe  greater  part  of  whose  for- 
mation, however,  has  taken-plaoe  before  birth.  These  'milk'  or  'deciduous' 
teeth,  20  in  number,  usu&tly  make  their  appearance  in  the  following  order.  The 
four  ocDtnil  Inctsnrs  first  present  tbeiBSclvcs,  usually  about  the  7th  month  after 
birth,  but  fretjuently  much  earlier  or  later;  those  of  tbe  lower  jaw  appear  first. 
The  lateral  Incisors  next  show  theuiselve.'^,  those  of  tbe  lower  jaw  coming-through 
before  those  of  the  upper;  they  usually  make  their  appearance  between  the  7tb 
and  lOtb  months.     After  a  short  intervai,  the  anterior  Mulurg  present  them.HelveB, 

fenemlly  soon  after  the  ternnaation  of  the  1-th  month ;  and  these  are  followed 
y  the  Canines,  which  usually  protrude  themselves  between  the  14th  and  'JOtli 
juoatbs.  The  posterior  Molars  are  the  last,  and  the  most  uncertain  in  regard  U 
their  time  of  appearance;  this  varying  from  the  18th  to  the  30tb  month.  In 
regard  to  all  except  the  front  teeth>  there  is  no  settled  rule  as  to  the  priority  of 
appearance  of  those  in  the  upper  or  under  jaw ;  sometimea  one  precedes,  and 
sometimes  tbe  other;  but  iu  general  it  may  be  stated,  that  whenever  one  makes 
its  appearance,  the  other  cannot  be  far  off.  The  same  holds-gnwl  iu  regard  to 
the  two  sides,  in  which  development  does  not  always  proceed  exactly  part  passu. 
—  The  period  of  Dentition  is  sometimes  one  of  considerable  risk  to  the  Infant's 
life ;  and  this  especially  when  an  irritable  state  of  the  nervous  system  has  been 
brought-ubuut  by  unsuitable  food,  unwholesome  air,  or  some  other  cause  of  dis- 
ordered health.  In  such  cases,  the  pressure  upon  the  nerves  of  the  gum,  which 
nccessurily  precedes  the  opening  of  the  sac  and  the  eruption  of  the  tooth,  is  a 
fruitful  source  of  irritation;  producing  disturbance  of  the  whole  system,  and 
giving  origin  to  Convulsive  affections,  which  are  not  unfre<)uent!y  fatal.  Tbes< 
have  been  particularly  studied  by  Dr.  M.  Hall,  who  recommends  the  free  use  of 
the  gum-lancet,  OS  a  most  important  means  of  prevention  and  cure;  but  the 
Author  has  no  doubt  (hat  too  much  attention  has  been  given  to  the  immediat* 
sonrce  of  the  irritation,  and  too  little  to  the  general  state  of  the  system;  nud 
that  constitutional  treatment,  especially  change  of  air,  and  improvement  of  th« 
diet,  is  of  fundamental  importance.  In  infants  whose  general  health  is  good. 
»nd  who  are  not  over-fed,  IJentition  is  usually  a  source  of  but  very  trifling  dis- 
turbance; a  slight  febrile  oetion,  lasting  only  for  a  day  or  two,  being  all  that 
marks  the  passage  of  the  tootti  through  the  capsule;  and  its  eruption  through 
tbe  gum  takiug-ptaoo  without  the  least  indication  of  suffering  or  disorder.  Any 
existing  malady  or  abnormail  tendency,  however,  is  pretty  sure  to  be  aggravated 
during  the  'cutting  of  the  teeth;'  and  it  is  therefore  of  tbe  greatest  con.sequence, 
that  the  infant  should  be  withdrawn  during  this  perind  from  all  injurious  in- 
flueuccs;  and  that  no  irregularity  of  diet,  or  deficiency  of  freah  air  and  exercise, 
should  operate  to  its  disadvuntage. 

971-  Although  there  no  welt-marked  divisions  between  the  periods  of  Child- 
hood, Youth,  and  Adolciioenoe,  through  all  of  which  we  witness  the  oontinuanoe 
of  the  processes  of  (jrowth  and  Development  (though  in  a  gradually-decreasing 
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ntio),  yet  we  may  Bppropriatolj  difitinguisb  each  as  the  epoch  of  one  d  thatt 
impurtatit  chaDfireci  which  tend  towards  the  completion    of  the  fabric;  aaftil;, 
C'hilt/h>jo<ft  as  ranging  through  the  greater  part  of  the  period  of  the  »ecaadl)(ft- 
dtiun, —  Youth  as  characterized  by  that  increased  evolutioQ  of  the  Hexual  otptk, 
and  by  tbose  general  eoDstitutioDal  chnDgea  acconipanying  that  evolatioo,  «luA 
allogciher  constitute  Puberty,  —  and  AdoU$cfnct  aa  distinguished  by  that  ntn 
consolidation  of   the  O&seous  skeleton,  which   is   not   completed   until  tka  Ul 
aUture  has  been  attained.     It  will  be  convenient  fint  to  consider  what  is  oohbm 
to  all  these  periods ;  and  then  to  notice  the  features  by  which  they  are  KTenDj 
oharncterized. 

972.  The  pasiiage  from  Infancy  to  Childhood  may  be  regarded  as  marked  by 
the  eniption  of  the  'deciduous'  Tcelh ;  by  the  teruiioatioii  of  that  dimrt  sup^j 
of  food  to  the  oSVpring,  which  is  afforded  until  then  by  the  Mamniar}  e^cretioi 
of  the  mother;  by  the  dawn  of  the  Intellectual  powers,  manifested  io  tb«  fint 
efforts  at  speaking;  and  by  the  ecquiremetit  of  sufficicDt  control  over  the  nraicit- 
lar  apparatus,  to  render  it  subservient  to  the  increasing  desire  which  then  dis- 
plays itself  for  iudependeol  Loeoniotion.  All  these  advances  uaually  take  pia* 
aimultaneouBly,  or  nearly  fo,  during  eome  part  of  the  second  year ;  some  lafaiii 
being  much  more  forward  than  others,  both  in  'cutting:  their  teeth  '  and  in  lean- 
ing to  walk  and  to  talk.  When  they  have  been  completed,  the  Child  enten  B|Oi 
a  life  which  is  in  many  res^pccts  new.  The  alteration  of  its  diet  involves  a  mxA 
higher  activity  of  all  the  organs  which  are  concerned  in  making  blood;  wkiirt 
itH  greatly-increased  amount  of  exertion,  both  of  body  and  mind,  gives  oooiiai 
to  a  more  rapid  dieintegruti*'Q  of  the  nervous  and  murscular  tissues,  and  bamU 
»  higher  activity  of  the  Excretory  organs.  This  will,  of  course,  progiMHitJtj 
augment,  in  proportion  as  the  Nervo-muscular  apparatus  is  brought,  with  ad  ~ 
ing  years,  into  more  vigorotu  and  more  prolonged  exercise ;  until,  with  th» 
tainroent  of  adult  age,  the  di$intrgratioa  of  these  tissues  comes  to  be  the 
source  of  the  Excremenlitious  products.  But  during  the  whole  period  of  i>- 
crease,  there  is  another  source  of  demand  for  nutritive  activity,  in  that  pcrpetnl 
re-cmtsti-uction  of  the  fabric  f  involving  a  sort  of  continual  palling-down  aad  t^ 
building  on  a  larger  scale,  all  the  old  materials  being  carried-away  as  mdMi), 
which  is  a  necessary  condition  of  its  prowth  ;  but  this  demand  of  cc>ar!«  aUckm 
with  the  diminution  of  the  rate  of  increase;  and  at  last  it  ceases  a]t<»gether,  jail 
when  the  other  attains  it»  maximum.  Hence  the  deruaud  for  food,  on  the  oae 
band,  and  the  amount  of  excretory  matter  set-free  from  the  body,  on  the  o(bef| 
are  remarkably  large  during  the  whole  of  this  period :  the  child,  as  every  OM 
knows,  consuming  far  more  nutriment  than  the  adult,  in  proportion  to  the  wdgkt 
of  their  respective  bodies;  and  the  like  being  true  of  the  quantity  of  carltoBie 
acid  exhaled  from  the  lungs  (§  316  ill),  and  of  the  urea  given-off  from  the  kid- 
neys (§411). — That  the  germinal  capacity,  though  inferior  to  that  of  the  emhryvi, 
still  persists  in  a  high  degree  during  the  period  of  childhood  and  youth,  is  skova 
in  the  readiness  with  which  the  effects  of  injuries  and  disease  are  recovered  fnai; 
for  although  the  regeneration  of  lost  parts  does  not  take-plaoe  to  nearly  the  mm 
Client  as  during  early  embryonic  life,  vet,  up  to  a  certain  point,  it  is  efif^tfd 
with  great  completeness,  nnd  with  uuich  greater  rapidity  than  at  later  epochs- 
It  is  siill,  in  fact,  rather  in  the  exercise  of  forntHtive  power,  than  in  the  prO(lafr> 
tioo  of  nervo-muecular  vigour,  that  the  vital  force  of  the  eorlier  part  of  tidl 
period  is  displayed ;  and  we  may  readily  trace  such  a  relation  of  rccipiwiiy 
between  these  two  modes  of  its  manifestation,  as  is  strongly  indicative  of  tk« 
community  of  their  source.  For  it  is  familiar  to  every  observer,  that,  wbeii  tkt 
grv^wth  of  a  child  or  young  person  is  peculiarly  quick,  his  norvo-muscular  eMCfj 
is  usually  feeble,  and  his  power  of  endurance  brief,  in  comparison  with  »l«l 
which  can  he  put-forth  by  one  whose  frame  is  undergoing  less  rapid  iucrewfc 
And  we  observe,  moreover,  that  the  capacity  of  resistance  to  depressing  ioflucscM 
.^f  varii>ua  kinds,  which  is  a  no  less  decided  manifestation  of  the  vital  t«w«r<tf 
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rt>e  orgaiji^ra  (hetiBg  that  these  influences  are  of  a  kind  which  tetid  toKonln  jig 
doathj,  is  posmessed  by  tbclalttT  iii  a  far  higher  degree  than  by  the  former.  Thia 
is  remurkably  the  case  in  regard  to  privation  of  food  and  depression  of  oxternul 
temperature;  under  which,  too,  children  and  young  persona  succumb  much  more 
speedily  thidi  adults. 

973.  It  is  most  interesting  to  trace,  during  the  progress  of  the  developmont 
of  the  bodily  fabric,  the  gradual  expansion  and  iuvigoration  of  the  Mental 
powers.  The  acquirement  of  LaIl^guage,  as  already  remarked  (§  61S),  coristitufea 
the  most  important  step  in  tho  dcvelopmeot  of  the  iihatiortal  consciousness;  and 
it  is  easy  to  recoguiste  in  the  psychical  maDifeatations  of  Children,  the  further 
progress  of  that  development.  The  formation  of  Aufjciatkms  between  ideas 
(§§  032 — 638)  takes-place  with  extraordinary  readiness  and  tenacity  during  the 
earliest  period  of  ehildboud;  and  these  exercise  so  much  influence  over  the  suc- 
cession of  the  thoughts  during  the  whole  remainder  of  life,  that  "  tho  force  of 
early  associations"  has  become  pruverbial.  Out  of  these  associations  arise,  on 
the  one  hand,  Memory  (§  (542)  and  Inuigination  {§  648);  on  the  other  hand, 
those  simple  processes  of  Reasoning  (§  G4t>)  which  are  necessary  to  the  develop- 
ment of  a  higher  class  of  idca.<).  Thus  the  mind  passes  from  those  primary 
notions  of  individual  objects  which  are  directly  suggested  by  sense-perceptions, 
to  those  abstrait  ideas  of  their  qualitic.*,  which  enable  them  to  recognize  those 
qualities  elsewhere,  Dutwithstauding  the  existence  of  differences  in  other  respects  ; 
and  thence  to  those  general  ideas,  iti  which  the  abstractions  are  embodiiJd  (§  646). 
Id  all  the?e  processes,  the  child-mind  seems  to  be  so  entirely  concentrated  upon 
the  partieular  subject  uf  its  thoughts,  as  to  be  *  pnssessed  '  by  it  for  the  time, 
almost  as  completely  as  a  '  biologized  '  suhject  is  by  his  dominant  idea  (§  672); 
and  no  prolonged  study  of  it  is  required  to  justify  the  statement,  that  ita  opera- 
iii)U8  are  for  some  time  euiirely  uutomatir^  and  that  the  acquirement  of  Volitional 
control  over  them,  on  the  part  of  the  individual,  is  a  very  gradual  princess 
(§  677).  As  a  general  rule  it  may  bo  laid-dowu,  that  the  activity  with  which 
the  formation  of  new  ideas  takes-pluec  in  the  chikl,  and  the  rapidity  with  which 
the  attention  transfers  itaelf  from  one  object  to  another,  prevents  any  single  sfate 
from  iixing  itseif  durably  in  the  consclousuesa,  so  that  the  Jlemory  preserves  but 
faint  traces  of  the  greater  part  of  whot  passes  through  the  mind  ;  and  it  is  (for 
the  most  part)  only  when  the  same  though tsi  are  frequently  recurrcd-to,  that  they 
take  root  (so  to  speak)  in  the  psychical  nature.  Still  we  occasionally  find  that 
particular  impressions  exert  a  very  powerful  influetice  on  the  subsequent  course 
of  thought  and  feeling;  and  there  is  good  reason  to  believe,  that  even  where  the 
conju-ifjiisucu  loses  its  hold  over  them,  impressions  of  a  transient  nature  may 
leave  such  traces  in  the  Brain,  that  they  may  bo  reproduced  at  any  future  time, 
when  the  appropriate  suggestion  may  happen  to  be  supplied  (§  642).  —  Whilst 
the  ideational  consciouHness  is  thus  being  expanded  and  elevated,  the  Emotiouol 
part  of  tho  Psychical  nature  is  rapidly  acquiring  a  greater  range  und  intensity  of 
action.  The  infant  and  young  child  give  ample  evidence  in  their  aciions,  of  the 
several  forms  of  Emotional  Sensibility  which  connect  themselves  with  Sensational 
and  Perceptive  states  (§§  GU2,  607,  609);  but  no  sooner  does  the  development 
of  Ideas  commence,  than  the  various  moditications  of  '  fueling'  attach  themselves 
UiJhf.te  (§  619);  and  thus  almost  every  thought  that  is  not  a  purely-intellectual 
abstraction,  conies  to  possess  mure  or  less  of  an  Emotional  cburaeter.  Here, 
again,  we  trace  tho  powerful  influence  of  curly  impressions ;  for  notwithstanding 
that  the  state  *j\'  fueling  which  is  habitual  to  each  individual,  may  depend  in  gn-at 
degree  upon  his  original  constitution,  yet  it  is  utiquestionablc  that  it  ia  largely 
influenced  (especially  in  its  association  with  particular  classes  of  ideas)  by  ti/m- 
patltt/  with  the  like  states  in  those  among  whom  the  child  receives  its  early  edu- 
cation (§  609).  It  is  of  peouliur  importance,  therefore,  that  this  example  should 
be  such  as  it  is  wholesome  for  the  child  to  imitate;  sitice  it  is  upon  tho  balita 
of  feeling  thus  early  formed,  thut  the  happiness  and  right  conduct  of  after-lUe 
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oininly  depend.  This  statement  (wbich  yet  applies  with  yet  greater  force  to  the 
Moral  SfiJM.')  DJiiy  iit  first  Bt-eni  iticoneii-tent  with  the  well-known  fact,  tliat  the 
Euiolions  of  chililrcD  are  peculiarly  transient  in  their  character,  even  when  they 
are  violently  excited  ;  one  state  of  feeling  piving-place  to  another,  even  of  the 
Utost  opposite  kind,  under  the  influence  of  Bome  new  impression,  or  of  &ome 
change  in  the  direction  of  the  lAeii^.  But  the  same  gcnertU  principle  applies  to 
this  cape,  as  to  the  foruiation  of  hahits  of  thought;  namely,  that  although  indi- 
vidual itnprcBisiona  are  more  epccdily  dissipated  from  the  luinds  of  children  thun 
from  those  of  adults,  yet  that  when  impressions  of  the  same  kind  are  frequently 
repeated,  the  brain  t/ratrs-to  them  in  such  a  manner,  that  they  come  to  take-part 
(aa  it  wero')  in  its  ordinary  working ;  and  thus,  by  establishing  a  particular  mode 
of  nutritive  assimilation,  ibey  tend  to  perpetuate  this  acquired  habit,  of  wbatcvei 
nature  it  be. — The  right  training  of  the  Emotional  tendencies,  and  all  'he  higher 
UHCs  of  the  Intellectual  Fucullies.  depend  in  great  degree,  as  already  shown 
(§  669),  upon  the  influence  of  the  "Will  in  directing  the  current  of  thought  and 
fteling;  and  this  becomes  greater  and  greater,  if  rightly  cultivated,  with  the 
advance  of  years,  so  tbat  the  psychical  powers,  whilst  themsclvea  acquiring  an 
increase  of  vigour  and  couipreljen.sivcnciis,  are  brought  more  and  more  under  the 
control  of  the  individual,,  and  can  be  utilized  in  any  way  in  which  he  may  choose 
to  employ  them.  Thus  with  a  diminitihing  vwhility  of  thought  and  ejrcitability 
of  feeling,  the  Mind  becomes  more  and  more  capable  of  sustained  v^nd  tiefermu 
tiafefy-conccntrateJ  activity;  and  is  at  the  same  time  progressively  &cc|uiripg  that 
store  of  familiar  experiences,  which  not  only  constitutes  the  basis  of  all  attain- 
ments in  special  departments  of  knowledge,  but  supplies  (when  judiciously  u.sed) 
that  'common-sense'  by  which  we  form  most  of  our  judgments  and  direct  most 
of  our  conduct.  —  During  this  period,  moreover,  the  Muscular  apparatus  of 
Animal  life,  whoso  actions  are  at  tirst  purely  automatic,  is  brought  more  and 
more  under  the  direction  of  the  Mind,  eo  as  to  express  \ls  ideas,  its  feelings,  and 
its  volitions.  And  it  is  whilst  this  transference  is  going-on,  that  new  habits  of 
action  are  most  readily  formed,  and,  when  once  formed,  are  durably  impressed 
upon  the  organism  (§§  514,  650,  794).  —  The  excess  which  must  exist,  during 
the  whole  of  this  perioil,  in  the  con  »i  rue  five  over  the  desfrurtive  activity,  and  the 
large  amount  of  the  latter  which  (as  alrt-ady  shown)  arises  out  of  the  very  nature 
of  Growth,  in  addition  to  that  which  proceeds  from  the  increased  activity  of  the 
Animal  functions,  necessitates  a  much  larger  proportion  of  repose  than  suffices 
for  the  adult ;  but  this  necessity  diminii^hos  with  the  progress  of  years,  fi.>r  the 
riasons  already  mentioned;,  and  thus  we  And  that  whilst  the  young  child  pafHcs 
IG  or  18  hours  a  day  in  aleep,  half  that  time  suffices  for  the  youth  just  eDtering 
on  manhood. 

974.  The  Sfcont?  Dentition,  consisting  in  the  replacement  of  the  dcciduout  or 
*  luilk '  Teeth  by  the  pemmnnit  Teeth  that  succeed  them,  which  is  the  most  im- 
portant developmental  change  that  occurs  during  the  period  of  Childhood,  nor- 
mally commeucfs  iu  the  7th  or  8tb  year;  the  germs  of  the  new  teeth,  however, 
are  formed  long  previously,  having  their  origin  in  a  process  of  germination  from 
the  tooth-sacs  of  the  temporary  teeth,  which  takes-place  at  a  very  earl}-  period  in 
the  development  of  the  latter.  The  three  permanent  Molars  on  either  side  of 
each  jaw,  however,  have  no  such  origin ;  since  they  do  not  replace  temporary 
teeth.  The  first  pair,  which  usually  make  their  appearance  behind  the  temporary 
uiulars,  either  cuutouipurancuusly-with,  or  a  little  antcriorly-to,  the  first  shedding 
of  the  deciduous  teeth,  are  really  '  milk  '  teeth,  so  far  as  their  origin  is  concerned, 
since  they  are  developed  from  primitive  t^Kith-sacs  :  on  tho  other  hand,  the  secoi 
true  molars,  which  afterwards  oome-up  behind  them,  are  evolved  from  tooths 
which  hold  the  eamo  relation  to  those  of  the  first,  as  the  tooth-saca  of  the  other 
permanent  teeth  do  to  those  of  the  deciduous  teeth  which  they  replace ;  and  the 
third  true  mulurs,  or  dentes  tapicntiee^  bear  the  like  relation  to  the  second.  Al- 
though the  eruption  of  the  true  molars  is  so  long  po«tpoucd,  yet  the  foundation 


birth,  and  that  of  the  third  at  the  6th  year.  In  the  guccessive  replacement  of 
tlie  '  milk '  teeth  bj  the  '  permanent '  aet,  a  very  regular  order  is  usually  fol- 
lowed.  The  middle  Incisors  are  first  shod  and  renewed,  and  tben  the  lateral  lo- 
cisore.  The  anterior  'milk  '  Molars  next  ftillow  ;  and  tbese  are  replaced  by  the 
anterior  Bicuspid  teeth.  About  a  year  afterwards,  the  posterior  '  milk '  Molars 
are  nhed,  and  are  repliiced  in  like  Tuanner  by  Bicuspid  teeth.  The  Canines  are 
the  last  of  the  '  milk  '  teeth  to  be  eiebanp;ed  j  in  the  succeeding  year,  the  second 
pair  of  the  true  Molars  appears  j  but  the  third  pair,  or  dented  aapienfi'se^  are 
seldom  developed  untiJ  three  or  four  years  subsequently,  and  offoti  much  later. 

975.  It  baa  been  proposed  '  (and,  from  the  evidence  adduced  in  its  favour,  the 
proposition  would  acem  entitled  to  considerable  attention)  to  adopt  the  successive 
stages  in  the  Second  Dentition,  as  standards  for  cstimatiDg  the  physical  capabili- 
ties of  Children,  especially  in  regard  to  those  two  periods  which  the  Fuct^ry-Laws 
render  it  of  the  greatest  importance  to  determine;  namely,  the  ages  of  «me  and 
thirteen  years.  Previously  to  the  former,  a  Child  is  not  permitted  to  work  at  all ; 
and  up  to  the  latter,  it  may  be  only  employed  during  nine  liours  a  day.  The 
necessities  or  the  cupidity  of  Parents  are  continually  inducing  them  to  misrepre- 
teat  the  ages  of  their  children;  and  it  has  been  found  desirable,  therefore,  to  seek 
ft»r  some  test,  by  which  the  eapfthility  of  the  Child  may  be  determined,  without  a 
knowledge  of  its  ap:e.  A  standard  of  Height  baa  been  adopted  by  the  Legislature 
for  this  purpose;  but  upon  grounds  which,  physiologically  considered,  are  very 
erroueouB;  since,  as  is  well  known,  the  tallest  children  are  frequently  the  weak- 
liest (§  972).  According  lo  Mr.  Saunders,  the  degree  of  advance  of  the  Second 
Dentition  may  be  regarded  as  a  much  more  correct  standard  of  the  degree  of 
general  development  of  the  organic  frame,  and  of  its  physical  powers ;  and  it 
appears  from  his  inquiries,  that  it  may  be  relicd-ou  as  a  guide  to  the  real  age,  in 
a  large  proportion  of  cases;  whilst  no  6criou.<;  or  injurious  mistake  can  ever  arise 
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(x^m  it.H  us>e.  It  may  happen  that  locnl  or  constitutional  causes  may  have  slijrhtlj 
rotanlud  the  development  of  the  Teeth  ;  in  whitih  case  the  age  of  the  individnal 
would  rather  be  undcr-cstimntcd,  and  no  harm  could  ensue  :  on  the  other  hand, 
instances  of  premature  dovflopnient  of  the  Teeth  very  rarely,  if  ever,  occur;  so 
that  there  is  little  danger  of  imputing  to  a  Child  a  capability  for  exertion  which 
tie  docs  not  poraess,  am  the  test  of  height  is  continually  doing.  Moreover,  if  such 
an  advance  in  Dentition  should  occur,  it  might  probably  be  regarded  as  indicative 
of  a  corresponding  advance  in  the  development  of  the  whole  or^oism  ;  so  that 
the  real  capability  would  be  such  as  the  teeth  represent  it. — The  following  is 
Mr.  Saunders's  statement  of  the  Ages,  at  which  the  'permanent'  Teeth  respec- 
tively appear.  The  first  true  Molars  usually  pre,'*cnt  themselves  towards  the  end 
nf  the  7th  year.  Occasionally  one  of  them  protrudes  from  the  gum  at  6,  or  more 
frequenily  at  6}  years  of  age;  but  the  evolution  of  the  whole  of  thein  may  be 
regarded  as  an  almost  infallible  sign  of  the  Child's  being  7  years  old.  In  other 
instances,  where  the  tooth  on  one  side  nf  the  mouth  is  freely  developed,  it  is  fair 
to  reckon  tho  two  as  having  emerged  from  their  capsule ;  since  the  development 
of  the  other  must  be  considered  as  retarded.  This  rule  only  holds  good,  how- 
ever, in  regard  to  teeth  in  the  same  row ;  for  the  development  of  the  teeth  in 
either  jaw  must  not  be  inferred  from  thnt  of  the  cnrrosponding  teeth  in  the  olh* 
Witix  this  understanding,  the  fullowiog  table  will  probably  be  very  near 
truth : — 

Central  Incisors  developed  at 8  years. 

Lateral  Incisors 9     ,, 

First  Bicuspid 10     „ 

Seeoii'j  Bicuspid,..., 11 

Cftnines .*. 12 

Secoud  Molars 12^ 

The  following  are  the  results  of  the  applicatioa  of  this  test,  in  a  large  numV 
of  cases  examined  by  Mr.  Saunders.  Of  708  children  of  nine  years  old,  5.% 
would  have  been  pronounced  by  it  to  be  near  the  completion  of  their  ni'n^Ayear; 
having  the  central,  and  either  three  or  four  lateral,  incisors  fully  developed.  Out 
of  the  remaining  178,  it  would  have  indicated  that  126  were  8|  years  old,  .\s 
they  presented  one  or  two  of  the  lateral  Incisors;  and  the  52  others  would  have 
been  pronounced  8  years  old,  all  having  three  or  four  of  the  central  Incisors.  ?o 
that  the  extreme  deviation  is  only  12  months;  and  this  iu  the  inconsiderable  pn^ 
portion  (when  compared  with  the  results  obtained  by  other  means')  of  52  in  708, 
or  7J  per  cent.  Again,  out  of  338  children  of  13  years  of  age,  294  might  have 
been  pronounced  with  confidence  to  be  of  that,  age;  having  the  Canines,  Bicus- 
pid, and  second  Molars,  either  onttroly  developed,  or  with  only  the  deBciency  of 
one  or  two  of  either  class.  Of  the  44  others,  36  would  have  been  considered  as 
in  their  1.3th  year,  having  otie  of  the  posterior  Molars  developed;  and  8  as  near 
the  completion  of  the  12th,  having  two  of  the  Canines,  and  one  or  two  of  the 
second  Bicuspid.  In  all  these  in.stances,  the  error  is  on  the  favourable  side, — 
that  is,  on  the  side  on  which  it  is  calculated  to  prevent  injury  to  the  objects  of 
the  iuquiry;  in  no  instance  did  this  test  cause  a  Child  to  be  estimated  as  older 
or  more  fit  for  labour  than  it  really  was.' 

*  The  value  of  this  test,  as  compared  with  that  of  Height,  ie  manifested  by  a  strikini; 
exnmplo  Bilduced  by  Mr.  Saunders.  The  beigfat  of  one  lad,  J.  J.,  n|;ed  8  yean  and  4 
months,  was  4  feet  aud  }  of  an  ioch  ;  that  of  another  boy,  aged  8  years  and  7  months,  was 
only  3  feet  7\  inches.  AccurdJng  to  Ihe  atnndnrd  of  height  adopted  by  the  Factory  Coai- 
miisioners  {namely  8  feet  10  inches),  the  iall^  lad  would  have  been  judged  fit  for  labour, 
whilst  the  thorltr  would  have  been  rejected.  The  Dentition  of  the  Inttc-r.  however,  wn« 
IXirtlier  advanced  thjun  that  of  the  former;  for  he  had  two  of  the  lateral  Incisor*.  wbil5t 
I  he  f<  rmer  had  ouly  the  central:  and  the  determination  of  their  relative  physical  powers. 
M'hich  would  have  been  thua  formed,  would  have  been  in  complete  accordance  with  tlio 
truth.  The  elder  boy.  though  shorter  than  tho  other  by  5)  inches,  poeseased  a  much 
grfiAtenfegree,  both  of  corporeal  and  mental  energy,  and  his  pulse  was  strong  and  regular; 
whilst  that  of  the  younger  lad,  who  wa«  evidently  growing  lou  fast,  was  small  and  fr^ 
quest. — An  inataDoe  even  more  striking  baa  oome  under  the  Author's  own  obserratioiL 
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976.  The  period  of  Youlh  is  distinguished  by  that  advance  in  the  evolution  of 
the  Generative  apparatus  iu  botb  gexes,  and  by  that  ucrjuireQieiit  uf  Jti^  pi > war  of 
funclional  activity,  whicb  constitutes  the  state  of  FuLvrty.  Of  the  principal 
changes  in  wbiclii  tliis  consists,  ia  the  two  sexes  respectively,  au  account  baa 
already  been  given  (§§  8-16^  852,  915);  and  it  is  merely  requisite  here  to  add, 
that  this  augmented  development  can  only  be  rightly  regarded  m prfparatortf  to 
the  exercise  of  th«pe  orceins,  and  not  as  snowinp;  that  the  aptitude  for  their  exer- 
cise has  already  been  fully  attained.  It  is  only  when  the  growth  and  development 
of  the  iitdivhiua/  are  completed^  that  (he  proercative  power  can  be  properly  ex- 
erted fur  the  continuance  of  the  rate ;  and  all  experience  shows,  that  by  prema- 
turely and  unrest  rain  edl)'  yielding  to  the  sexual  insttticts,  not  merely  the  genera- 
tire  power  is  early  exhausted,  but  the  vital  powers  of  the  organism  generally  are 
reduced  and  peruiancnlly  etifeebled  ;  ao  that  any  latent  predLsposillon  to  disease 
is  extremely  liable  to  manifest  itself;  or  the  bodily  vi^'our,  if  for  a  tiiue  retained 
with  tittle  deterioration,  early  undergoes  a  marked  diminution. 

1177.  After  the  attainment  of  Puberty,  no  uiurbed  alteration  takes-place  in  the 
organism,  save  the  continuance  of  its  increase  in  stature,  usually  for  a  few  years 
longer  (§  914) ;  which  increase  is  the  chief  manifestation  of  the  excess  of  the 
germinal  capacity,  that  has  not  yet  expended  itself  io  the  building-up  of  fha 
fabric.  But  so  long  as  this  increase  is  goiug-on,  there  is  a  want  of  that  s<vtiditj 
and  cympactaesa  of  the  organism,  which  seem  only  attainable  when  growth  has 
ceased  ;  and  the  attainment  of  which,  being  est«entiul  to  the  highest  iuat;ifesta- 
tlons  of  vigour  and  endurance,  marks  the  Jinal  coDiplction  of  its  developoient. 
Of  this  we  have  the  best  illustration  ici  the  Osgeons  system;  whose  completion, 
being  postponed  until  all  further  </n'W//t  has  ceased,  may  be  fairly  considered  as 
marking  the  tiual  stage  in.  the  development  of  the  organism,  and  as  therefore 
characterizing  the  period  of  AdoieKcevre. — Coninifncing  with  the  Vi'riebral  Co- 
lumn, we  find  that  whilst  the  'body'  and  *  neural  arches'  of  each  vertebra  be- 
come consolidated  in  early  childhood,  the  spinous  and  transverse  processes  are 
completed  by  separate  *  epiphyses,'  the  ossilicution  of  which  does  not  commence 
until  after  puberty,  and  the  final  union  of  whii  h  with  the  body  of  the  bono  may 
not  occur  until  the  age  of  twenty-five  or  thirty  years.  About  the  same  time, 
there  ia  formed  and  added  to  each  surface  of  the  body  of  the  vertebra,  &  smooth 
annular  plate  of  solid- bone,  which  covers  a  portion  that  was  previously  rough  and 
fi-ssured.  During  this  period,  the  eonsoiiil:jtion  of  the  Sacrum  is  proceeding; 
the  componeut  vertebraj  of  which  rcmatii  separate  up  to  about  the  sixteenth  year, 
and  then  begin  to  unite  from  below  upwards,  the  union  of  the  two  highest  being 
completed  by  about  the  twenty-fifth  or  the  thirtieth  year;  whilst  at  the  cinne 
time,  thin  osseous  plates  are  formed  on  eilher  side  of  the  coalesced  mass,  wbiih 
Bccm  to  represent  the  epiphyses  of  the  transverse  processes  of  its  component 
vertebras,  and  like  them  are  finally  joincd-on  to  the  body  of  the  botie.  Tho 
ossification  and  coalescence  of  the  Coccygeal  vertebroQ  takes-place  at  a  Btill  later 
period,  Each  llib  in  like  manner,  has  two  epiphyses,  one  for  the  head  and  the 
other  for  the  tubercle  ;  the  os.sifioation  of  which-  begins  soon  after  puberty,  whilst 
their  union  with  the  body  of  the  bone  ia  not  completed  until  some  years  after- 
wards. The  five  pieces  of  which  the  Sternum  coti.si.Hts,  though  themselves  com- 
pletely ossified,  rcmiiin  separate  until  after  the  age  of  puberty  ;  when  their  uriiun 
commences  from  below  upwards,  as  in  the  sacrum,  not  being  always  completed, 
however,  even  in  old  age,  by  the  junction  of  the  first  piece  to  the  rest  of  the 
bone.  The  ossification  of  the  En^iform  cartilage  does  not  commonly  begin  until 
after  the  age  of  puberty;  and  it  \r>  usuiilly  net  entirely  completed,  even  in  very 
•dvaoccd  life. — The  ossific  union  of  the  separate  elements  of  the  Bonet  of  tfm 
SkuU  (§  908)  is  usually  completed  within  a  few  years  after  birth;  but  there  aru 
some  parts,  which  not  uofrei|uent!y  remain  distinct  duritig  the  greater  portion  of 
life,  and  which  may  even  never  coalesce;  such  .is  the  case  with  the  two  halvca 
of  the  Frontal  bone,  which  often  remain  pemiunenily  di\ided  by  a  continuation 
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of  tlie  sagittal  euture,  and  with  the  Styloid  process  of  the  temporal  bone.  In 
the  Upper  Extremities,  we  find  the  Scapula  presenting  throe  epiphyses,  one  for 
the  coracoid  process,  one  for  the  acromion,  and  one  for  the  lower  angle  of  the 
bone ;  the  ossification  of  which  bepna  soon  after  puberty,  their  union  with  the 
body  of  the  bone  taking-plauc  between  the  ages  of  twenty-two  and  twenty-five 
years.  The  Clavicle  has  an  epiphysis  at  its  sternal  end,  which  begins  to  form 
between  the  eighteenth  and  twentieth  years,  and  is  united  to  the  rest  of  the  bone 
a  few  yean*  later.  The  consolidation  of  the  Humerus  is  completed  rather  earlier; 
the  large  piece  at  the  upper  end,  which  is  fbnned  by  the  coalescence  of  the  oasifie' 
centres  of  the  head  and  two  tuberosities,  unites  with  the  shaft  at  about  tbej 
twentieth  year;  whilst  it  lower  extremity  is  completed,  by  ihe  junction  of  the 
external  condyle  and  of  the  two  parts  of  the  articulating  surface  (previously  united 
with  each  other),  at  about  the  seventeenth  year,  and  by  that  of  the  int-emaJ  con- 
dyle in  the  year  following.  The  superior  epiphyses  of  the  Radius  and  Uln» 
unite  with  their  respective  shafts  at  about  the  age  of  puberty ;  the  inferior,  which 
are  of  larger  sine,  at  about  the  twentieth  year.  The  epiphyses  of  the  Metacarpal 
and  Phalangeal  bones  are  united  to  their  principals  at  about  the  twentieth  year. 
—  In  the  Lfncrr  Extrt-mitif*,  the  process  of  ossihcation  is  completed  at  nearly 
the  same  periods  as  that  of  the  corresponding  parts  of  the  upper.  The  consoli- 
dation of  the  Ilium,  Ischium,  and  Pubis,  to  form  the  Os  Innominatum,  by  the 
ossification  of  the  triradtate  cartilage  that  intervenea  between  them  in  the  aceta- 
bulum, does  not  take-place  until  after  the  period  of  puberty;  and  at  this  time, 
additional  epiphyses  begin  to  make  their  appearance  on  the  crest  of  the  ilium,  on 
its  anterior  inferior  spine,  on  the  tuberosity  of  the  ischium,  and  on  Ihe  inner 
margin  of  the  pubes,  which  are  not  finally  joined  to  the  bone  until  about  the 
twenty-fifth  year. 

978.  The  rapid  increase  in  Viahilitj/  which  shows  itself  in  both  sezea  up  toj 
the  age  of  pubiTty,  its  rapid  decline  from  that  point,  and  its  subsequent  increase 
in  the  mule  up  to  the  age  of  thirty,  have  been  already  pointed-oat  (§  913),     The 
disorders  to  which  the  organism  is  most  subject,  during  the  several  periods  which 
have  now  been  considered,  are  by  no  means  the  same  for  each.     In  early  Child-; 
h(X»d,  when  there  is  a  great  demand  for  the  activity  of  the  Dige>tive  and  Asi^imi- 
lative  functions,  and  these  have  to  be  exercised  upon  nutriment  to  which  their  | 
organs  are  not  yet  accustomed,  we  find  derangemeots  of  those  organs  to  be  amon^j 
the  most  common  of  all  maladies ;  these  may  be  serious  enough  in  themselves] 
to  constitute  dangerous  and  even  mpidly-fatsl  diseases;  but  even  when  they  do 
not  take  these  acute  forms,  a  foundation  is  often  laid,  in  habits  of  perverted  Nit- . 
trition   thence  arising,  for  disorders  of  a  more  chronic  nature  (especially  those 
depending  on  the  Tubercular  diathesis,  §  376),  which  may  not  manifest  them- 
selves for  many  years  afterwards.     The  peculiar  activity  of  the  nervous  centrea, 
which  is  prolonged  from  Infancy  into  early  Childhood,  involves  a  continued  li»*| 
bility  to  derangements  of  iheir  nutrition  or  of  their  functions ;  and  thus  it  hap- 
pens that  in  young  childron  of  scrofVtlous  temperament,  it  is  either  in   the 
mesenteric  glands,  or  in  the  bruin  or  its  membranes,  that  tubercular  deposit  first 
takes-place.     The  second  Dentition,  like  the  first,  is  oft^n  accompanied  with  a 
great  deal  of  constitutiooal  disturbance ;  especially  in  such  individuals  as  are 
Bufi'ering   from  defective   Nutrition,  or  from   an  irritable  state  of  the  NcrvoOT 
Systenj.     In  the  former  case,  there  is  a  special  proneuesa  to  Tubercular  disease ;  *i 
in  the  latter,  to  Epilepsy,  Chorea,  or  some  other  form  of  disorder  of  the  nervoof^ 
centres,  the  connection  of  which  with  Dentition  is  shown  by  its  abatement  whem 
that  epoch  has  passed.     A  large  part  of  the  sickness  and  mortality,  however,^ 
which  presents  so  high  a  rate  during  the  whole  period  of  Childhood,  is  due  ti' 

'  It  is  a  very  significant  circumstance,  that  of  the  many  specimens  of  the  Anthropoid 
Apes  which  have  bteii  brought  alive  to  this  country,  not  one  hns  survived  its  second  dcnti- 
tiuD;  and  that,  in  nlmoBt  every  case,  it  baa  been  by  tubercular  disease  that  their  Urea 
have  been  ibos  prenutturely  cut-off. 
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varioofl  forms  of  Zymotic  disooi^e,  eopeciiilly  the  Exanthemata  and  Infantile  He- 
mitteot  Fever,  untl  to  their  arquelte. — Tbe  attaintneot  of  Puberty  in  tlie  Mule 
sex  \»  not  usually  attended  with  any  specific  tendency  to  disease;  nor  would  it 
probitbly  be  in  the  Female,  if  her  mode  of  life  were  more  accordant  with  the 
rul68  of  health.  Although  disorder  of  the  Menstrual  function  is  one  of  the  most 
ooainion  phenomena  of  female  youth,  yet  it  is  undoubtedly  to  be  looked-upon 
more  fre<)ucntly  aa  a  symptom  of  general  defect  of  nutrition  (and  especially  of 
an  impoverished  condition  of  tbe  blood),,  than  as  itself  conAtihjtting  a  disease. 
The  extraordinary  reduction  in  the  probability  of  life,  iodienting  a  large  mor- 
tality, durintj  the  years  which  immediately  succeeii  puberty,  seems  to  depend  in 
great  decree,  in  the  ^lale,  upon  (he  premature  use  of  his  jrenerative  powers,  and 
uptifi  his  entnince  upon  the  active  employments  of  life  before  hia  constitution 
has  received  that  invigorution  which  results  from  the  completion  of  his  bodily 
development ;  whilst  in  the  Female,  it  is  very  commonly  attributable  to  the 
accumulation  of  unhealthy  influences,  which  began  to  *  tell '  upon  the  powers  of 
her  system,  when  its  terminal  capacity  no  longer  ministers  to  its  active  rcgenera- 
rion.  It  is  </w»,  in  both  sexes,  though  from  causes  whose  immediate  nature  is 
different,  that  the  Tuberculous  diathesis  is  prone  to  develop  itself  with  peculiar 
intensity,  and  that,  by  fixing  npon  the  Respiratory  organs,  it  produces  the  most 
rupidly-fatal  alterations  in  structures  whose  integrity  is  essential  to  life. 

979.  Period  of  Alaiuritt/. — The  cessation  of  growth,  and  tbe  completion  of 
the  developmental  prooe^^ses,  which  indicate  the  attainment  of  Manhood,  are 
accompanied  by  a  marked  incre.ise  in  the  general  vigour  of  the  organism,  and  by 
a  speuial  augmentation  in  the  power  of  endurance  in  tbe  exercise  of  the  Animal 
faculties.  With  the  exception  of  those  parts  of  the  fabric  whose  utility  was 
confined  to  the  earlier  periods  of  its  development,  we  find  every  organ  now  pre- 
senting its  greatest  capacity  for  sustained  activity;  and  thus  it  is  from  the  cha- 
racters which  each  presents  at  this  period,  that  we  base  our  ideas  of  its  tt/pknl 
perfection  of  slruoture  and  composition.  AH  the  previous  changes  which  the 
organism  has  undergone,  both  as  a  whole,  and  in  its  separate  parts,  concur  to  the 
attiiiijiuent  of  this  perft'ction,  as  we  have  especially  seen  in  regard  to  the  evolu- 
tion of  the  solid  framework  of  the  bo<ly ;  and  every  subsecjuent  change,  as  we 
shall  presently  perceive  (§  981),  involves  a  deterioration  from  it.  The  whole 
nitui  of  development,  during  this  period,  appears  to  be  directed  towards  the 
niaijitcnajv-e  of  the  orgfinism  in  the  state  which  it  had  accjuired  at  its  commence- 
ment ;  by  the  regeneration  of  its  tissues  as  fust  as  they  undergo  disintegration, 
and  by  the  renovation  of  its  vital  force  in  proportion  as  this  is  expended.  There 
is  DO  longer  any  capacity  for  the  production  of  new  organs,  and  comparatively 
little  for  the  augmentation  of  those  already  existing;  the  increase  of  the  Uterine 
»nd  Maniuiary  structures,  during  the  period  of  gestation,  being  the  most  im- 
portant examples  of  formative  power,  and  these  presenting  themselves  in  tbe  sex 
in  which  there  is  lea.*t  of  nervo- muscular  activity  and  of  general  vigour.  We 
should  infer  then,  that  the  'germinal  capacity*  is  now  on  the  decline ;  and  this 
further  appears  from  the  diniitii.shed  energy  and  completeness  with  which  the 
reparative  processes  are  performed,  as  compared  with  the  mode  in  which  they 
are  executed  during  the  period  of  growth.  There  is  consequently  a  less  demand 
for  alimentary  material  (allowance  being  made  for  the  augmented  bulk  of  the 
body)  than  during  the  previous  periods;  and  the  dependence  of  life  upon  a  con- 
stant supply  of  aliment  is  far  less  close.  Moreover,  the  ordinary  rate  of  waste 
or  degeneration  of  tissue  is  now  much  iess  rapid  than  during  the  period  of  growth; 
for  we  have  seen  that  decay  and  removal,  in  the  latter  case,  are  among  the  very 
conditions  ofincrea.se;  whilst,  in  the  former,  they  proceed,  for  the  most  part, 
onSy  from  the  expenditure  of  the  vital  powers  of  the  tissues,  con.nefluent  upon 
their  funcuooal  activity.  Hence  i(  is  upon  the  degree  in  which  the  Am'vuil 
powers  are  exercised,  that  the  demand  for  food  chiefly  depends  in  the  Adult;  the 
Mole  purptwe  of  the  Organic  or  Vegetative  operations  being  (so  to  speak)  to  keep 
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the  apparstos  of  Animal  life,  now  fully  developed,  in  working-order.  The  relah're 
activity  of  the  different  parts  of  this  apparatus  is  now  somewhat  modi6ed.  The 
ohfervintj  fticuUies  no  longer  possess  the  same  pre-eminence  j  the  etnotionnl  tenti' 
bility  is  less  readily  excited  ;  but  the  intrllectual  pincers  now  act,  in  the  modes 
which  have  become  habitual  to  them,  with  a  siutained  vigotir  and  completeness 
which  they  never  previou)*ly  possjesHcd.  And  so,  whilst  the  muscles  axe  not  so 
easily  excited  to  contrnclion,  and  new  combinations  of  movement  are  acquired 
with  far  more  difficulty  than  durinpf  the  period  of  growth  aud  development,  the 
force  which  they  ean  genemfc  by  their  contraction  is  augmented,  and  this  force 
can  be  kcpt-up  fur  a  much  loqpcr  time  in  adults  than  in  younger  subjects. 

9><0.  The  duration  of  the  period  over  which  this  '  maintenance '  may  be  pro- 
tracted, without  any  sensible  deterioration,  depends  in  great  degree  upon  the  due 
obsfcrvance  of  all  the  conditions  of  health.  If  the  various  mental  and  bodily 
facolties  are  duly  exercised,  without  being  overtasked, — if  an  amount  of  Sleep 
adequate  to  their  periodic  renovation  be  regularly  taken, — if  a  sufficient  but  not 
excessive  quantity  of  wholesome  food  be  ingested  at  appropriate  intervals, — if 
the  functions  by  which  the  blood  is  prepared,  and  those  by  which  it  is  kept  in 
purity,  be  duly  performed, — if  all  such  noxious  agents  as  foul  air,  alcoholic 
liquors,  lobacco-suioke,  be  kept  at  a  distance, — and  there  be  no  coaatitutional 
predisposition  to  disease  on  the  one  hand,  nor  any  exposure  to  extraneous  mor- 
bific causes,  on  the  other, — it  may  be  fairly  anticiputcd  that  the  bodily  and  men- 
tal vigour  may  be  sustained  with  little  deterioration  during  a  long  succession  of 
years.  The  circumBtances  that  most  tend  to  premature  decline,  are,  on  the  one 
liund,  excessive  exertion  cither  of  the  mental  faculties  or  of  the  generative  power; 
or,  on  the  other,  undue  indulgence  in  food,  or  in  stimulating  drinks,  or  in  any 
practice  that  tends  to  disorder  the  Organic  functions,  especially  by  exciting  them 
to  undue  activity.  Every  one  who,  in  ani/  of  these  modes,  may  "  live  too  fast," 
is  almost  certain  to  pay  the  penalty,  in  an  abbreviation  of  his  term  of  vigorous 
activity  ;  which  may  be  cither  brought  to  a  sudden  and  final  close  by  fata]  disease, 
or  may  be  prematurely  reduced  by  more  gradual  decay.  And  this  tendency  will 
of  course  bo  more  dci-idcd,  the  greater  is  the  umount,  and  the  larger  the  combi- 
nation,  of  those  departures  from  the  I^aws  of  Health  which  give-rise  to  it. 

981.  Period  nf  Drclinp. — The  decline  of  life  exhibits  a  much  more  obvious 
diminution  of  the  whole  vital  power  of  the  orgunism ;  for  not  only  is  its  formative 
activity  now  greuily  reduced,  but  its  nervo-muscular  energy  and  general  vigour 
progretisively  diminish,  and  its  gener«tive  power  becomes  enfeebled,  or  ceiisea 
entirely  (§§  S4r»,  8o4).  Of  this  diminution  in  formative  power,  we  have  evideoM 
in  the  entire  absence  of  any  attempt  at  new  development,  in  the  less  perfect  and 
more  tedious  itianner  in  which  the  losses  of  substance  occasioned  by  disease  or 
injury  are  reeovered-from,  and  in  the  gniduul  deterioration  of  the  organism  in 
general.  The  tissues  which  are  rendered  eRete  by  their  functional  activiiv,  arc 
not  any  longer  replaced  in  their  normal  completeness;  for  cither  the  quantity  of 
new  tissue  is  inadequate,  so  that  the  bulk  of  the  organs  is  obviously  r^uced ;  or 
tlieir  quality  is  rendered  imperfect,  by  the  production  of  structures  io  various 
phiises  of  degeneration,  in  place  of  those  which  had  been  previously  developed  in 
the  fullest  Completeness.  The  inferiority  of  Nervo-muscular  energy  and  of  gene- 
ral vigour  arc  thus  evidently  the  result  of  the  deficiency,  and  not^(a8  in  the  pe- 
riod of  growth)  of  the  excess  of  formative  power;  and  in  proportion  as  the 
'  waste '  of  the  ti.t?ucs,  consequent  upon  iheir  functional  activity,  ia  more  rapid 
than  their  renovation,  a  progressive  loss  of  substance  must  take-place.  The  forms 
of  Degeneration  most  commonly  met-with  io  advanced  age,  are  the  /«//^  and  the 
rahnreous.  The  former  (§  34^)  is  extremely  prone  to  show  itself  in  those  orgjins 
whose  integrity  of  structure  is  peculiarly  important  to  health,  and  whose  deteri 
ration  interferes  directly  with  the  vil»l  properties  of  their  component  tissue. 
Thus  we  observe  it  in  the  xMusouIar  apparatus  generally,  but  pre-cminentlv  in  tbfl 
walls  of  the  Heart;  and  io  proportion  as  its  contractile  fibre  has  been  replaced  b? 
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particles  of  fat,  must  the  vital  enerfry  of  any  muscle  be  lowered.  So,  again,  we 
find  the  same  degeneration  in  the  Liver,  Kiduey,  aud  other  parts  of  the  Glandu- 
lur  apparatus;  the  proper  Becreting  action  of  whicb  in  impaired  in  the  ratio  of  the 
Bubslitutiou  of  fat  fur  tho  proper  Glandular  elements.  But  it  may  also  lead  to 
TuoBt  6erii>U8  derangementa  of  tlie  vital  functions,  by  its  intcrterence  with  the 
purely-mechanical  actionsi  of  certain  parts  of  the  orgnuisni ;  thus,  fatty  depenern- 
tion  of  the  walls  of  tlie  Btood-vessels  is  one  of  the  most  frequent  causes  of  thoBO 
extravasations  of  blood  in  the  nervous  centres,  which  give  rise  to  the  apoplexy 
and  to  the  various  forms  of  paralysis  so  conunoii  amon^  the  aged;  and  the  sumo 
change  occurring  in  the  Bones,  gives  them  that  peculiar  brittleness  which  they 
frequwutly  exhibit  in  advanced  periods  of  life*  That  genera!  decline  of  the  vital 
powers,  which  has  received  the  name  of  'qlimacteric  disease,'  appears  traceable 
to  the  same  source. ' — The  tendency  of  the  calcareous  degeneration  (which  espe- 
cially fttfects  the  Cartilaginous  and  Fibruu»  tissaes)  is  almost  exclusively  to  inter- 
fere with  the  merhttnnal  adaptations  of  the  organism;  producing  an  injurious 
rigidity  in  various  structures,  which  rer^uire  a  greater  or  less  amount  of  flexibility 
Ibr  the  uurmal  perfyrmanee  of  their  functions.  Thus  it  is  very  common  for  the 
cartilages  of  the  ribs  to  become  ossiBed  in  advanced  life,  so  as  to  iutcrfero  with 
the  free  movement  of  the  walls  of  the  thorax;  and  the  thyroid  cartilages  of  old 
people  are  frenueutly  converted  into  bone,  producing  a  roughness  of  the  voice,  and 
deficiency  of  the  power  of  moiiulatlng  it.  The  intervertebral  substance  (which  is 
partly  cuniiagiuous  and  partly  fibroui^)  not  unrrcqucntly  becomes  solidified  in  the 
jumbur  region,  as  do  also  the  spinal  ligameots,  so  that  several  of  the  lower  vertc- 
bne  are  firmly  anchylosed  to  each  other  and  to  the  sacrum ;  and  a  like  ehango 
often  tukes-place  in  the  pelvic  articulations,  bo  that  the  pelvis  and  the  lower  part 
of  the  spine  become  one  continuous  ma^s  of  bone,  destitute  of  flexibility  or  yietd- 
inguesd  iti  any  part.  In  like  manner,  the  crauial  sutures  often  become  obliterated, 
aud  calcareous  deposits  occur  in  the  duplicatures  of  the  dura  mater  forming  the 
falx  aud  teutorit^u.  A  large  amount  of  this  kind  of  change  may  take-place,  with- 
out any  serious  interference  with  the  Organic  functions,  although  it  tends  to  cur- 
tail the  Animal  powers.  When  the  calcareous  degeneration,  however,  extends 
itself  to  the  vitiil  organs,  the  interruption  which  it  occasions  in  their  actions  may 
be  fataJ ;  thus,  next  tu  fatty  degeneration,  there  is  probably  no  more  frequent 
cau.se  of  failure  of  the  heart's  action,  or  of  extravasation  from  the  blo^^d-vcssels, 
in  old  persons,  than  ossification  of  the  valvular  apparatus  of  the  former,  depriving 
it  of  the  flexibility  which  is  essential  to  its  proper  action,  or  of  the  fibrous  wallb 
of  the  latter,  imparting  to  them  a  brittleness  which  predisposes  to  rupture. 

9H2.  Thus,  then,  with  the  advance  of  Old  AgCj,  the  organism  becomes  progres- 
fcively  more  and  mure  uafit  for  the  active  performance  of  its  vital  operations ;  a 
gradual  weakening  is  observable  in  the  Mental  as  well  as  in  the  Corporeal  energy  ; 
and  a  retardation  becomes  obvious  in  the  current  of  Organic  life.  The  mind  is 
far  less  active  than  in  the  periods  of  Maturity ;  the  perceptions  are  dull,  the  feel- 
ings couipuraiively  obtuse  (save  where  some  dominant  emotion  has  gained  pt;8- 
seasiuu,  through  the  previous  habit  of  yielding  to  it),  the  iotclleetuu!  powers  can- 
not be  so  readily  put  in  action,  and  the  imagination  lo5C9  its  vividness.  There 
are  few  instances  in  which  any  great  works,  either  literary  or  artis^tic,  have  been 
executL'd  after  the  age  of  threescore.  Still,  the  experience  of  a  long  life  gives 
value  to  the  judgment;  and  the  counsels  of  the  old,  where  the  bearings  of  the 
ques'ion  can  be  fully  understood,  deser\'e  the  respect  of  the  young,  more  espe- 
ciully  in  cases  whi  re  lemporary  ardour  of  feeling  lends  in  the  latter  to  supersede 
the  dictates  of  their  calmer  reason. — The  mental  torpor  is  correlated,  there  seoma 
no  reason  to  doubt,  with  changes  in  the  cnnditiou  of  the  Nervous  substance, 
which  impair  its  original  activity;  and  like  changes,  occurring  in  the  Muscular 
fiubstancc,  dimiuish  its  capacity  for  physical  exertion.     Hence  there  is,  on  the 
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one  bnnd,  a  ronrked  dinunntion  in  the  demand  for  food ;  on  the  other,  a  like  dimi- 
DUiion  in  tbe  rato  of  tlie  exerctur^  prucesset),  as  is  seen  especially  in  the  exhala- ' 
tion  of  oarhunic  acid  (§  310  iii.)  and  in  the  excretion  of  Urea  (§  411)  :  snd  iaj 
accordance  with  all  these  reductioos,  there  is  a  grently-diminished  power  of 
tainiDg  tbe  heat  of  tbe  body,  the  temperature  of  which  consequently  beconc 
liable  to  a  serious  depression  from  extenial  cold.'     This  retardation  of  vital  acti>j 
vity  gradually  becomes  more  and  more  marked,  until,  if  neither  accident  nor  di»*j 
ea^ti  should  intervene,  the  current  stops  of  itself;  the  formative  power  seems  to 
undergo  a  progressive  exhaustion,  until  no  assistance  from  artificial  heat,  no  su; 
ply  of  the  most  nutritious  food,  can  any  longer  avail  for  the  generation  of  new<l 
tissue ;  the  ncrvo-muscular  energy  gradually  declines,  until  at  last  even  those  ao«i 
tions  on  which  tlio  circulation  and  respiration  entirely  depend  can  no  longer  baJ 
performed ;  and,  with  the  cessation  of  these  functions,  the  Life  of  the  entire  or-| 
ganism  becomes  extioct. — Such  we  may  consider  to  be  the  mode  in  which  Death] 
normally  occurs.     Various  abncirmal  influences,  however,  remain  to  be  ounsidered,^ 
which   may  bring-about  this  tinal   result  at  an  earlier  period,  and  in  dififerentj 
modes  (Chap.  xix). 


CHAPTER  XIX. 


OF  DEATH. 


983.  We  have  seen  it.  to  be  inherent  in  the  very  nature  of  Vital  Action,  that] 
it  can  only  be  sustained  during  a  limited  pericxl  by  any  Organiied  body;  for  al- 
though the  duration  of  certain  stnicturos  may  be  prolonged,  and  their  vital  pro«j 
perties  retained,  almost  indefinitely,  yet  this  is  only  when  the  withdmwal  of  all 
extraneous  agencies  has  reduced  them  to  a  condition  of  complete  inactivity.'     Tbe 
Organized  fabric,  in  fact,  is  at  the  same  time  the  instrument  whereby  Vital  Foroe 
is  exercised,  and  the  subject  of  its  operation;  and  of  this  operation,  dirrline  is  n#J 
less  a  constituent  part  than   development,  and  Death  is  its  necessary  sequeoceaJ 

•  The  experience  of  the  first  two  months  of  the  present  year,  has  afforded  a  reiii»rkahl 
oonfirmation  of  the  Htatement  previously  made  (\  443)  respecting  the  itiflacnoe  of  continnt 
Cold  in  raising  the  rnte  of  mortalitj.     Tb«  meao  weekly  tempernture  for  six  weeks  harini 
been  28'4°  (or  9  4°  below  the  average  of  the  season),  the  excess  in  the  number  of  de«ti: 
above   the  average,  corrected  for  inorenae  of  population,  baa  been  nearly  20OO,  or  morvl 
than  'StUI  per  week.     The  mode  in  which  this  excess  is  distributed,  is  not  a  little  ourious;] 
the  nuuibers  baring  been  as  follows: — 


Aetna!  exeaM  of  tJntba 
by  cold. 

All  Ages 1968     


DMthH  by  coM  to  100,000 
tiling  at  racb  ofik 

77 


0—20     

20—40     

40 — GO     

60—80     

80  and  upwards. 


419 
200 
892 
762 
205 


It  is  only,  of  course,  when  the  actual  number  of  dralfu  is  compared  with  the  number  {mn^ 
at  each  age,  that  the  relative  fatality  of  cold  at  different  perioda  of  life  can  be  righlly  esti- 
mated :  from  this  oompariKon  we  see  that  its  mtninium  influence  is  exerted  on  individunla 
between  20  and  40  years  of  age,  and  its  maximum  (nearly  100  times  aa  great)  on  tho9w] 
above  80,  the  fatality  resulting  from  the  reduction  of  temperature  being  doubled  eve 
nine  years  after  the  age  of  40. — The  diseases  which  chiefly  contributed  to  this  excess 
rnoriality  were  pneumonia,  bronchitis,  and  asthma;  but  the  deaths  from  many  oth< 
(chiefly  chronic  diseases)  were  in  excess;  so  that  it  mny  be  affirmed  that  cold  brinpf^ 
quickly  to  a  fatal  end  many  maladies  which  it  does  not  directly  induce. — See  the  wceklj  ' 
Keport  of  the  Registrar  General  for  ?if  nrcb  8,  1866. 
*  See  the  section  on  '  Dormant  Vitality '  in  PaiMO.  or  Gsa.  Phti.,  Am.  £d. 
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Hence,  in  ihe  performance  of  each  one  of  those  Functions  wboee  aggregate 
iriakes-up  the  Life  of  Mnn,  the  fNtrticular  or^iran  which  roinigtera  to  that  functioa 
undergoes  a  certain  losa  bj  the  decline  and  death  of  ita  ooniponent  tissues;  and 
this  the  more  rapidly,  io  proportion  to  the  activity  of  the  changes,  which  are  ef- 
fected by  their  instrumentality.  But  if  the  regenerative  processes  be  also  per- 
formed with  due  vigour,  no  deterioration  of  the  organ  is  manifested,  since  every 
loas  of  suhstatice  is  compensated  by  the  production  of  an  equivaJent  amount  of 
new  and  similar  tissue.  This  roirenenilive  power,  however,  gradually  diminishes 
with  the  advance  of  years;  and  thus  it  happens  that  the  cntiro  organism  progres- 
sively deteriorates  (§  981),  and  that  IJeath  at  last  supervenes  from  a  general  fail- 
ure of  the  vital  powers,  rather  than  from  the  perversion  or  cessation  of  any  one 
class  of  actions  in  particular 

984.  But  Death  may  occur  at  any  period  of  Life,  fix>m  some  local  interruption 
produced  by  disease  or  injury  in  the  regular  sequence  of  vital  actions;  such  inter- 
ruption extending  itself  from  the  part  in  which  it  commences,  to  the  organism  in 
general^  in  virtue  of  that  intimate  mutual  dependence  of  one  function  upon  an- 
other, which  is  characteristic  of  all  the  bijrher  orders  of  living  beings.  The  death 
of  the  body  as  a  whole,  which  may  be  appropriately  designated  AS'*m<i/»V"'  death, 
becomes  a  necessary  consequence  of  the  death  of  a  certain  part  of  it,  or  Midecular 
death,,  only  when  the  cessation  of  activity  in  the  latter  interferes  with  the  elabo- 
ration, the  ciKculation,  or  the  depuration  of  the  Blood,  which  supplies  not  merely 
the  nutritive  pahulurr*  to  every  part  of  the  organism,  but  also  the  oxygen  which 
it  eBsential  to  the  activity  of  the  Nervo-muscular  apparatus.  Thus,  even  in  the 
higher  animDls,  the  death  or  removal  of  the  limbs,  although  they  may  constitute 
(as  in  Man)  a  large  proportion  of  (he  fabric,  is  not  necessarily  fatal;  because  it 
involves  no  interruption,  cither  in  the  nutritive  operations  of  the  viscera,  or  in 
the  sensorial  functions  of  the  brain.*  On  the  other  hand,  iho  destrucliou  of  a 
certain  minute  portion  of  the  Nervous  centres,  or  such  a  lesion  of  the  Heart's 
structure  as  would  be  trivial  in  almost  any  other  organ,  may  be  the  occa."iion  of 
immediate  death;  because  these  changes  arrest  the  Respiratory  movemon(.9,  or  in- 
terfere directly  with  the  action  of  the  Heart,  »o  as  to  bring  the  flow  of  blood  to  a 
BtAnd.  It  sometimes  happens,  however,  that  life  may  be  prolonged  after  the 
death  or  removal  of  some  important  organ,  in  consequence  of  the  power  which 
some  other  possesses  of  discharging  its  function ;  thus  we  find  that,  in  Man,  the 
kidneys  seem  occasionally  to  take  upon  themselves  the  elimination  of  the  consti- 
tuents of  bile  from  the  bhiod  (§  388) ;  and  in  the  Frog,  the  skin  can  perform  part 
of  the  office  of  the  lungs,  so  as  to  effect  the  aeration  of  the  blood  in  a  sufficient 
degree  to  prolong  life  for  some  time,  unless  the  temperature  be  elevated.' 

9S5.  Hut  although  the  vital  activity  of  every  part  of  the  body  is  dependent 
Upon  a  due  supply  of  circulating  fluid,  yet  this  dependence  is  u.<«UBlly  not  so  close 
as  to  involve  the  immeJtate  suspension  of  vital  activity,  or  Mfdetular  Deaths  in 
every  part,  whenever  the  general  Circulation  shall  have  been  brought  to  a  stand. 
For  we  have  di&tiDOt  evidence  of  the  persistence  of  vital  changes  in  various 
organs  and  tissues  of  the  body,  after  the  death  of  the  body  at  large ;  as  is  mani- 

■  This  term  was  first  BUggesteil  by  Dr.  Pricbard,  in  place  of  the  lefls  accurate  term 
•ayatemio'  which  was  previously  in  use.  (See  "Cyclop,  of  AoaL  aad  Physiol.,''  vol.  L 
p.  791.) 

*  Tbo  Aathor  fans  been  informed  by  Dr.  Daniell,  that  it  is  not  at  all  aocommon,  in  N«- 
H^ora  who  are  in  the  laet  stage  of  the  adynamic  feTers  of  the  African  coast,  ior  death  and 
decompositioa  to  extend  gradually  upwards  from  the  extremities  to  the  tnuik;  so  that  th« 
former  may  be  ia  a  state  of  absuluie  putresrenoe,  before  the  respiration  and  circulatioa 
have  been  ttrought  to  a  stand:  and  he  lenrns  from  Prof.  Jackson,  of  Philadelpliia,  that  he 
_^    has  more  than  once  witnessed  the  «atne  occurrence. 

B  *  That  such  cannot  take-place  in  Man,  is  due  not  merely  to  the  far  less  complete  adap- 
H  Ution  of  his  tkin  for  the  aeration  of  Ihe  blood,  but  also  to  the  difference  in  the  type  of  hi* 
H  circulation,  which  causes  the  arrest  of  blood  in  the  pulmonary  VMsela  to  produce  a  atag- 
^ft  nation  of  the  entire  current 

■ 


fcBted  in  the  performance  of  cilmry  and  of  muaoular  movement*  (Princ.  of  Oew, 
Phyh.,  Am.  Ed.),  in  acts  of  secretion  and  perhaps  even  of  nutrition,'  in  thfl 
maintenance  of  the  local  circulation,  (§  269),  and  in  the  generation  of  anima) 
lieat  (§  428) ;  and  the  fact  is  even  jet  more  remarkably  manifested  in  the  reanion 
(even  after  the  lapse  of  some  hours)  of  parta  that  have  been  entirely  severed, 
such  as  fingers  or  toes,  noecs  or  ears,  by  adhesion  between  the  cat  surfaces  when 
brought  into  opposition,  which  could  not  take  place  if  the  severed  parts  were 
already  dt'ad. 

98(5,  The  permanent  and  complete  cessation  of  the  Circulating  current,  which 
essenlialty  constitutes  Somatic  Death,  may  be  directly  or  indirectly  oonsequeiil 
upon  several  distinct  causes. — In  the_^r«<  place,  it  may  be  due  to  failure  in  the 
propulsive  power  of  the  Heart,  which  constitutes  Si/Dcpe.  This  failure  msy 
irrcur  either  (u)  in  consequence  of  a  loss  of  the  proper  irritability  of  the  Muscular 
tissue,  or  (i)  through  the  supervention  of  a  'tonic  spasm,*  the  organ  remaining 
rigidly  contracted  without  ita  usual  altcrniition  of  relaxation.  The  pbennmena 
attending  death  in  the  two  cases  are  not  disu^imilar,  when  ihs  loss  of  irritability  is 
tmddcn  and  immediate  (as  when  it  arises  from  violent  impreasions  on  the  nervous 
system) ;  for  the  individual  suddenly  turns-pale,  falls-back,  or  drops-down,  and 
expires  with  one  gasp.  But  under  the  former  condition,  the  heart  is  found 
Jlabhjf,  sometimes  empty,  sometimes  distended  with  blood,  both  cavities  being 
equally  filled ;  whilst  in  the  latter,  the  heart  is  contracted  and  hard,  containing 
little  or  no  blood,  as  when  in  the  state  of  rt'(for  morth. — The  cause  of  the  loss  of 
irritHbility,  when  sudden,  usually  lies  in  the  influence  of  a  'shook'  transmitted 
through  the  Nervous  system,  and  originating  either  in  some  severe  lesion  of  its 
central  orpms  or  of  its  peripheral  expani'ion  (§  238),  or  in  a  deficiency  of  its 
supply  of  blood  or  diminution  of  its  u.sual  pressure  (such  as  is  produced  by 
rapid  detraction  of  blood,  especially  in  the  erect  posture,"  by  the  rapid 
removal  of  the  fluid  in  ascites,  without  the  substitution  of  artificial  pressure,  or 
by  suddenly  rising  into  the  erect  posture  after  prolonged  recumbency,'  still  more, 
after  lung  stooping),  or  in  some  powerful  mental  emotion,  either  exciting  or  de- 
pressing. A  more  gradual  effect  of  the  same  kind  is  produced  by  severe  lesions 
of  the  internal  organs  (such  as  rupture  of  the  uterus),  which  often  prove  fatal  by 
the  general  "  collapse'  thus  induced,  rather  than  by  the  disturbance  which  takes- 
place  in  their  own  proper  functions ;  and  this  seems  to  be  the  usual  tu/n/tis  npr- 
ramli  of  corrosive  poisons,  whose  effect  upon  the  heart's  action  reseroblea  that 
produced  by  severe  burns  of  the  surface  in  children.  The  influence  of  the  proper 
trdative  poisons,  however, — such  as  digitalis,  tobacco,  aconite,  and  upas, — seems 
to  be  directly  exerted,  through  the  blood,  upon  the  tissue  of  the  heart  itself;  and 
the  same  is  probably  the  case  with  some  of  those  'morbid  poisons,'  whose  intro- 
duction into  the  system  give  rise  to  diseases  of  the  most  intensely  adynamic  type, 
such  as  SLalignant  Cholera,  in  which  the  '  collapse '  is  out  of  all  proportion  to  any 
local  lesion.  But,  again,  the  lofis  of  the  Heart's  irritability  may  be  a  gradual 
process,  resulting  from  the  deterioration  of  its  tissue  by  fatty  degeneration  or  by 
simple  atrophy ;  and  this  last  condition  may  be  due  to  deficiency  of  blood,  m 
happen.^  in  chronie  starvation  and  diseases  of  exhaustion,  in  which  the  failure  of 
the  circulation  seeias  due  to  the  weakening  of  the  heart's  power  and  to  the  lower- 

'  Thus  Mr.  T.  beW  mentions  ("  History  of  British  Reptileo,"  p.  61),  that  having  been 
engaged  in  the  careful  dissectioD  of  the  poison-appnratua  of  a  large  Raltteitoake,  although 
the  animal  hod  been  dead  for  Bome  hoars,  uad  the  head  bnd  been  t&kcn-off  iniinedifttelr 
after  denth,  jet  the  poison  continued  to  be  9ecr«ted  as  the  di8«ectioo  proceeded,  bo  as  to 
require  10  1)0  occasionnlly  dried-olT  with  n  bit  of  t^ponge. — A  growth  of  Hftiris  Sftid  to  have 
been  ooticed  iu  Beveral  inaUvucea  after  death;  aiul  if  the  teoiperattire  of  tli«  aurroandiog 
Diediutii  be  not  too  low  for  the  vital  activity  of  the  hair-bulbs,  there  seems  no  adequate 
reason  why  this  should  not  take  place.  , 

*  Hence  it  is  that  great  caution  should  be  exercised,  in  allowing  patients  who  are  eon- 
vnleBceot  from  acute  diseaaes  to  rise  into  the  erect  position  ;  many  cases  of  fatal  syncope 
haviitg  been  thus  induced.  The  stute  of  general  debility,  and  the  oootiaaad  rooambcaey, 
both  faroor  this  result;  cspeciallj  in  persona  advanced  in  life. 
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)ng  of  tbe  quaotity  and  qualitj  of  tbe  blood,  acting  a»  concurrent  oaaseit,  the  con- 
dition thus  tflduced  being  appropriately  desij^natcd  A»thenia.  In  all  cases  it  in 
to  be  observed,  that  when  the  Vital  powers  have  been  previously  depressed,  a  much 
slighter  impression  on  the  Nervouti  Bystciu  is  adequate  to  produce  Syncope,  than 
ivoald  be  required  when  it  ia  in  a  utate  of  full  vigour. — The  causes  of  tbe  tonic 
spasm  of  the  heart  have  not  been  clearly  made-out ;  but  it  seema  producible,  like 
the  more  commoQ  form  of  Syncope,  by  agencies  operating  through  the  Nervous 
system ;  thus  it  has  supervened  upon  tlio  ingestion  of  a  large  quantity  of  cold 
water  into  tlie  stoniacli. 

987.  Somatic  Death  may  be  occasioned,  iecondijf,  by  an  obstruction  to  the  flow 
of  blood  through  the  cupjlluries  of  the  lungs,  constituting  ^4s/?ft_j^dcm  (§326);  tad 
this  may  be  consequent  upon  a  disordered  state  of  tbe  lungs  themselves,  or  upon 
suspension  of  the  respiratory  naovements  through  affections  of  the  Nervous  cen- 
tres. It  is  in  this  moJe  that  most  fatal  disorders  of  the  Nervous  System  procJuce 
death,  except  when  a  sudden  and  viok'tit  impression  occasions  a  cessation  of  the 
heart's  power;  thus  in  Apoplexy,  Narcotic  Poisoning,  &c.,  death  results  from 
tbe  paralyzed  condition  of  the  Medulla  Obloognta:  whilst  in  Convulsive  diseases, 
the  fatal  result  geixerully  ensues  upon  a  spasmodio  fixation  of  the  respiratory  mus- 
cles.—  n(F><%,  Somatic  Death  may  be  occagioncd  by  a  disordered  condition  of 
the  Bhxtd  itself  (§  1J)4),  which  at  the  same  time  weakens  the  power  of  the 
Heart,  impairs  the  activity  of  the  Nert'ous  system,  and  prevents  the  performunce 
of  those  changes  in  the  systemic  Capillaries,  which  afford  a  powerful  auxiliary  to 
tbe  circulation.  Tbis  is  Death  by  AWnemi'ti.^ — Fourthly,  Somatic  death  may 
result  directly  from  the  agency  of  Cohly  which  stagnates  nit  the  vital  operations 
of  the  system.  Whero  the  cooling  is  due  to  tlie  agency  of  an  extremely  low  ex- 
ternal temperature,  which  acts  first  upon  the  superficial  parts,  there  is  reason  to 
think  that  tbe  cougcstioa  of  the  intorual  vessels  thereby  itiduad,  occasions  a  tor- 
pid condition  of  tlie  Nervous  cenfreSj  and  that  the  cessation  of  the  Circulation  is 
immediately  due  to  Asphyxia.  But  when  the  cooHng  is  gradual,  and  the  loss  of 
heat  is  almost  equally  rapid  throughout,  it  is  obvious  that  the  stagnation  must 
be  universal,  and  that  no  cessation  of  activity  in  any  one  part  is  tbe  occasion  of 
the  torpor  in  the  functions  of  the  remainder.  It  is  in  this  manner  that  death 
ordinarily  results  from  Starvation,  and  not  by  the  weakening  of  the  heart's  action, 
as  commonly  supposed ;  the  proofg  of  this  have  been  already  stated  (§  433). 

988.  As  a  general  rule,  we  find  thnt  the  more  active  the  changes  which  nor- 
mally take  place  in  any  tissue  during  life,  the  more  Bpcedily  does  its  Mtdrcular 
Death  fulhiw  Somatic  Death,  the  requisite  conditions  of  its  vital  nctiuo  being  no 
longer  supplied  to  it.  Thus  we  observe  that,  in  Cold-blooded  animals,  the  super- 
ventioQ  of  Molecular  up^>n  Somatic  death  is  juuch  less  speedy  than  it  is  in  Birds 
And  Mammals.  This  seems  duo  to  two  causes.  Id  the  first  place,  the  tissues  of 
the  former,  being  at  all  times  possessed  of  a  lower  degree  of  vital  activity  than 
those  of  the  latter,  are  disposed  to  retain  it  for  a  longer  time  j  according  to  the 
principle  already  laid-dowu.      And,  secoudly,  as  the  maintenance  of  a  high  tem- 

terature  is  an  essential  condition  of  the  viral  activity  of  the  tissues  of  warm- 
kwdcd  animals,  the  rapid  cooling  of  the  body  after  Somatic  death  is  calculated 
to  extinguish  it  speedily;  and  that  this  cause  has  a  re:il  operation,  is  evinced  by 
the  influence  of  artificial  warmth  in  sustaining  tbe  vital  properties  of  separated 
parts. — The  rapidity,  howevt-r,  with  which  IMolecuIar  death  follows  the  cessation 
of  the  general  circulation,  will  be  influenced  by  a  variety  of  causes;  but  cspooi- 
ally  by  tbe  degree  in  which  the  cuiiditinn  of  the  solids  and  fitiids  of  tho  body 
has  been  impaired  by  the  mode  of  death.  Thus  in  Necruemia,  Asthenia,  and 
death  by  gradual  cooling,  Molecular  and  Somatic  death  may  be  said  to  be  simul- 
taneous; and  the  same  appears  fo  he  true  of  death  by  sudden  and  violent  imprea- 
aions  on  the  Nervous  system  {§  238).  But  in  many  cases  of  death  by  causes 
which  operate  by  producing  a  more  gradual  Syncope  or  Asphyxia,  the  tissues  and 
'  See  Dr.  J.  C.  B.  WiUiikmB't  "  PrLaciplea  of  Mediciue,"  3d  Am.  £d.,  p.  484. 
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blood  having  been  prcviouflly  id  a  hojilthy  condition,  Molecular  dentb  may  be 
long  postpofied  y  and  we  cntinot  be  quite  certain  that  it  has  aaperveoed,  tiDtil 
fiiirna  of  actual  decomposition  present  themselves. 

989.  When  Molecular  death  takes-place  in  an  isolated  part,  it  must  reeolt 
from  some  condition  peculiar  to  that  part,  and  not  primarily  affecting  the  body  in 
general.  Thus  we  may  have  Gangrene  or  Mortification  of  n  limb  as  a  direct 
result  of  the  application  of  severe  cold,  or  of  an  Ufrent  capable  of  producing 
chemical  changeB  in  its  substance,  or  of  violent  contusions  occasioning  mecbani- 
cal  injury;  or,  again,  from  an  interruptinin  to  the  current  of  nutritive  fluid;  or, 
further,  from  some  ill-understotrtl  stagnation  of  the  nutritive  process,  which 
manifests  itself  in  the  spontaneous  death  of  the  tisfues  without  any  8.ssignable 
cause,  88  in  some  casos  of  senile  gangrene.  Sometimes  we  are  enabled  to  trace 
this  stagnation  to  a  disordered  condition  of  the  circulating  fluid;  as  in  the  gan- 
grene resulting  from  the  continued  use  of  the  'ergot*  of  rye  or  wheat;  but  we 
can  give  no  other  account  of  the  almost  invariable  commencement  of  such  gan- 
grene in  the  oxtrenritios,  thnn  wo  can  of  the  selection  of  lead,  introdnced  info 
the  blood,  by  the  extoupors  of  the  forenrm. — If  Mortification  or  Molecular  Death 
be  once  established  in  any  part,  it  tends  to  spread,  both  to  contiguous  and  to 
distant  portions  of  the  ho'^y.  Thus  we  have  continually  to  witness  the  extensinn 
of  gangrene  of  the  lower  extremities,  resulting  from  severe  injury  or  frt»m  the 
use  of  the  ergot,  from  the  small  part  first  affected,  until  the  whole  limb  is  in- 
volved ;  and  this  extension  is  easily  accounted-for,  by  onr  knowledge  of  the  ten- 
dency of  organic  substances  in  the  act  of  decomposition,  to  produce  a  similar 
change  in  other  organic  substMnces  subjected  to  the  influence  of  proximity  to 
them.  And  the  prnpngatirtn  of  the  gangrenous  tendency  to  remoter  parts,  is 
obviously  due  to  the  perversiim  of  the  qualities  of  the  Blood,  which  results  from 
a  similar  cause.' 

990.  It  is  quite  certain  that  an  apparent  cessation  of  aU  the  vital  functions 
may  take-place,  without  that  entire  loss  of  vitality,  which  would  leave  the  organ- 
ism  in  the  condition  of  a  tftyu!  body,  liable  to  be  speedily  disintegrated  by  the 
operation  of  chemical  and  physical  agencies.  The  state  of  Syncope  is  sometimes 
BO  complete,  that  the  heart's  action  cannot  be  perceived,  nor  any  respiratory 
uovenienta  be  observed,  all  consciousness  and  power  of  movement  being  at  the 
same  lime  abolished;  and  yet  recovery  has  spontaneously  taken  place,  which 
could  scarcely  have  been  the  case,  if  all  vital  action  had  been  suspended.  — It  is 
not  a  little  remarkable,  that  certain  individuals  have  pome«Bed  the  power  of 
voiunfan'li/  inducing  this  conditiou,  Tbe  best-autheoticated  case  of  this  kind  ia 
that  of  CoL  Towosend,  which  was  described  by  Dr.  George  Cheyne,*  who  was 
himself  the  witne.es  of  the  fact.  But  statements  have  been  re<?ently  made  n?- 
Bpcctiug  iho  performance  of  certain  Indian  Fakeers,  which  are  far  n«ore  extraor- 
dinary; it  being  demonstrated,  if  these  assertions  are  to  be  credited,' that  the 

•  On  the  proxininte  causes  of  Death,  8e«  espeflially  the  Art.  '  Death,'  hy  Dr.  Sjroondi, 
io  the  "Cyclop,  uf  .\nnL  and  Phya.,"  vol  i. ;  the  first  chapter  of  Prof.  Aliaoo's  "  Outline* 
of  Pathology  and  Practice  of  Medicine,"  and  I>r.  C.  J.  B.  Williams's  ••  Principles  of  Medi- 
cine," 2d  edit,  pp.  370 — 382,  Am,  Kd, 

'  See  his  "  Tremise  on  Nervoua  Disessea,"  p,  807. 

*  See  a  collection  of  these  cases,  directly  obtained  from  Britieh  officers  who  had  been 
eye-witnesses  of  them  in  Imlia^by  Mi*.  Braid,  in  his  "  ObserrationB  on  Trance,  or  Human 
Hybernation,"  1860. — In  one  of  these,  ▼oncbed-for  by  Sir  Claude  M.  Wade  (formerly 
political  agent  at  the  Court  of  Rnnjeet  Singh),  the  Fnkecr  was  buried  in  an  nndergroand 
coll,  under  strict  goardinnship,  for  fix  vrekt ;  tbe  body  bad  been  twice  dug  up  by  Ranjeet 
Singh  during  the  period  of  interment,  n»d  had  been  fonnd  ia  the  same  position  as  when 
first  buried. — In  another  ease,  nnrrttted  by  Lieut,  linileau,  in  his  "  Nnrratite  of  a  Jour- 
iiey  in  Itnjwarra,  in  1836,"  the  man  bad  been  buried  for  ten  days,  in  a  graye  lined  with 
mHjinnry  and  covered  with  large  slabs  of  8lone,  and  strictly  guarded;  and  he  assured 
Lieut.  B.  that  he  was  ready  to  submit  to  an  ititerment  of  a  twelvemootb's  domtioD.  if 
desired.  —  Id  a  third  case  narrated  by  Mr.  Braid,  tbe  trial  was  made  noder  the  direct 
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Humao  organism  may  not  onlj  be  voluntarily  reduced  to  a  Btale  resembling  pro- 
found collapse,  in  which  there  appears  to  be  a  nearly  complete  suspension  of  all 
its  vital  operations,  but  may  continue  in  that  condition  for  some  days  or  even 
weekfii  until,  in  fact,  means  arc  taken  to  produce  resuscitation.  —  Another  form 
of  apparent  death,  the  existence  of  which  appears  to  be  well-authenticated,  is 
that  sometimes  designated  aa  *  Trance'  or  *  Catalepsy/  in  which  there  is  a  reduc- 
tion of  all  the  Or^nic  Functions  to  an  extremely  low  ebb,  but  in  which  Con- 
BciouBDCSs  is  still  preserved,  whilst  the  power  of  voluutury  movement  is  sus- 
pended; so  that  the  patieut,  though  fully  aware  of  all  that  is  being  said  and  done 
around^  is  unable  to  make  the  least  visible  or  audible  eign  of  life.'  It  is  impos- 
sible, in  the  present  state  of  our  knowledge,  to  give  any  satisfactory  account  of 
these  states ;  but  sfime  light  appears  to  be  thrown  upon  them  by  certain  pheno- 
mena of  artificial  SoniDambulism,  '  hypnotic'  or  'mesmeric'  (§§  694-6);  for  io 
this  condition,  there  is  BoroetiraeB  an  extraordinary  retardiition  of  the  respiratory 
movements  and  of  the  pulsations  of  the  heart,  which,  if  carried  further,  would 
produce  a  state  of  complete  collapse  ^  and  its  self-induction  is  suspected  by  Mr. 
Braid  to  be  the  secret  of  the  performance  of  the  Indian  Fakeers  just  re- 
ferred-to. 

99 L  The  signs  by  whicb  real  is  certainly  digtinguishable  from  apparent 
Death,  are  not  numerous,  a  large  proportion  of  those  commonly  relied-on  being 
fallacious  J  but  they  are  conclusive. — In  the  first  place,  it  is  to  be  remarked,  that 
no  reliance  La  to  be  placed,  for  the  reasons  already  mentioned,  upon  the  apparent 
oeseatioD  of  the  Heart's  action  and  of  the  Respiratory  movements;  since  the  re- 
duction of  these  to  so  low  a  condition  that  they  arc  no  longer  distinguishable,  is 
by  no  means  incompatible  with  the  persistence  of  vitality.  A  surer  test,  how- 
ever, is  afforded  by  the^  condition  of  the  Muscular  Bubstance ;  for  this  gradually 
loses  its  irritability  after  real  Death^  so  that  it  cao  no  longer  be  excited  to  con- 
tractJoii  by  electrical  or  any  other  kind  of  stimulation ;  and  the  loss  of  irritability 
is  succeeded  by  the  appearance  of  cadaveric  rigidity.  So  long,  then,  as  the 
muscle  retains  it.H.  irritability  and  remains  free  from  rigidity,  so  long  we  may  say 
with  certainty  tbat  it  is  not  (had ;  and  the  persistence  of  its  vitality  fur  an  unusual 
period,  affords  a  presumption  in  favour  of  the  continuance  of  some  degree  of 
vital  actiun  in  the  body  generally;  whilst,  on  the  other  hand,  the  entire  loss  of 
irritability,  and  the  supervention  of  rigidity,  afford  conclusive  evidence  that 
death  has  occurred-  The  most  satisfactory  proof,  however,  is  given  by  the  occur- 
rence of  putrr/action ;  thin  usually  first  mauifcsts  itself  in  the  blue-green  colora- 
tion of  the  cutaueoua  Burface,  especially  the  abdominal ;  but  it  speedily  becomes 
apparent  in  other  parts,  itg  rate  being  usually  in  some  degree  of  accordance  with 
the  external  temperature,  though  also  mucb  influenced  by  the  previous  condition 
of  the  solids  and  fluids  of  the  body,  these  having  been  sometimes  left  by 
diseased  actions  in  a  slate  that  renders  them  peculiarly  prone  to  disintegra- 
tion (§  72). 

Boperiatendeaoe  of  a  Britioh  Officer,  a  period  of  awe  days  having  been  stipalated-for  oq 
the  part  of  the  derotee  ;  but  this  was  ebortenet]  to  three  at  Ibe  desire  of  tlie  Officer,  who 
fewred  lent  be  sbould  incur  blame  if  (he  result  was  fatal.  •^  The  appearance  of  the  bodjr 
wbsu  first  dlainterred,  is  described  in  all  insuinceH  as  having  been  quite  corpse-like,  nod 
no  pulsation  could  be  detected  at  thfi  heart  or  in  the  arteries ;  the  means  o(  rcsloralioQ 
em[)toyed  were  chiefly  warmth  to  the  vertex,  and  friction  to  the  body  and  limbs. — It  may 
be  remarked  that  the  possibility  of  the  protraction  of  such  a  stale  (supposing  that  uo 
dece^tliiiR  viiiates  the  authenticity  of  the  narratives  referrcl-to)  can  be  much  belter  com- 
prehended as  occurring  in  ludia,  than  aa  taking-place  in  this  country ;  since  the  warmth 
of  the  tropical  atmosphere  and  soil  would  prevent  any  serious  loss  of  heat,  such  ns  roust 
8U0D  occur  in  a  colder  climate,  when  the  processes  whereby  it  is  generated  are  brought  to- 
m  stand. 

'  Several  such  canes  nre  recorded  in  Dr.  IL  Mayo's  "  Letters  on  the  Truths  contained 
in  Popular  Superstitions,"  aod  also  by  Mr.  Braid,  Op.  oit, 
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992.  With  the  final  restontion  of  tbe  components  of  ihe  Human  Orgaoism 
to  the  Inorganic  Univeree,  in  those  yerj  forms  (or  nearly  so)  in  which  they  vere 
first  withdrawn  from  it,  the  Corporeal  Life  of  Man,  of  which  it  has  been  the 
object  of  the  foregoing  Treatise  to  sketch  the  leading  features,  comes  to  a  final 
close.  But  the  Death  of  tbe  Body  is  bnt  the  commencement  of  a  new  Life  of 
the  Soul ;  in  which  (as  tbe  religions  physiologist  delights  to  believe)  all  that  is 
pnro  and  noble  in  Man's  natnre  will  be  refined,  elevated,  and  progressively 
advanced  towards  perfection;  whilst  all  that  is  carnal,  selfish,  and  degrading,  will 
be  eliminated  by  tbe  purifying  processes  to  which  each  individual  must  be  sub- 
jeoted,  before  Sin  can  be  entirely  subjugated,  and  Death  can  be  completely 
*<  swallowed  up  of  Victory." 
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bronchial  tubes  in,  286,  287. 
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866,  380;  vicarions  secretion  of,  366; 
composition  of.  376.  377 ;  quantity  of, 
126;  its  uses  in  digestion,  124-127;  its 
re-absorption  from  intestine.  131, 361, 381 ; 
its  presence  in  fseces,  131,  8C1. 
Bile-pigment,  378;    its  passage  into  urine, 

394. 
Biliary  oells,   872;   degeneration  o^   376, 

876. 
Biological  state,  598,  602.  603. 
Blastodermic  membrane,  784,  786,  787. 

Vesicle,  787,  788, 

Blind  persons,  acutenesa  of  tcaeli  in,  6S7, 

658;    improvement  of  hearing  in,  704, 

706. 

Blood,  general  character  and  pnrpOMf  o(^ 

169,  170;  quantity  of.  170,  171. 

ComprmfioH  of,  in  l/ealth,  185^-188:  modK 

ficatiou  of,  by  ago,  189;  by  sex,  189; 

by  food  and   drink,   190-192;    by  loss 

of  blood,  192;  differences   of  Arterial 

and  Venous,  193-1%;  peculiarities  of 

portal  blood,  196;  of  mesenteric  blooJ, 

196,  197:  of  splenic  blood,  107.  16«, 

197,  198;  of  hepatic  vein.  198,  199; 
of  renal  vein,  199. 

Comfmntion  of,m  Di»ratti,  190;  incrcasa 
of  fibrin,  19t>-201  ;  diminution  of  fibrin, 

201,  202;  increase  of  red  corpuscles, 
202 ;    diminution    of    red    corpuscles, 

202,  203 ;  increase  of  colourless  coi^ 
puscles,  203 ;  diminution  of    albumen, 

204,  206 ;  increase  of  fatty  matter, 
204 ;  altered  proportion  of  salts,  205 ; 
of  water,  206 ;  p^scncc  of  poisons  in, 

205.  206,  230-239. 

Corputeh*  of,  Rtd ;  form,  sice,  and  aspect 
of.  173-176;  composition  of,  176,  177; 
influence  of  reagents  on,  177;  ten- 
dency to  aggregation  of,  178;  prodnc- 
tion  and  disintegration  of,  181  ;  em- 
hryonio  development  of  181,  182;  sub- 
sequent development  of.  from  lympb- 
oorpuscles,  182-185;  change  of  colour 
in.  by  respiration,  196,  196;  their 
uses,  220,  221  ;  variations  in  amount 
of,  in  disease,  202,  203  ;  deatntction  oi*, 
202.  203 ;  mutual  attraction  of,  in 
coagulation,  178,  214;  adhesion  of,  lo 
walls  of  vessels.  273 

Corputde$  of,  Cotourltu :  form.  siie.  and 
aspect  of,  178,  179;  peculiar  move- 
ment of.  in  capillaries,  179,  180 ;  change 
of  form  of,  179,  18(.1;  numerical  pru- 
portion  of,  to  red.  180;  dcvelopmceit 
of,    info    red,     182-185;     their    usee, 

221,  222;  their  variations  in  number, 

222,  223  ;  multiplication  of,  in  disease, 
203. 
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Pretturt  of,  «i;ain8t  wftlla  of  heart,  255 ; 

agniaat  Arteries,  2G3-26G. 

Proper tiet  of,  Phi/neal,  171-173. 

Propertirt  of,    Vual,  SOU;  cimii^ulation  of 

(see   Coa|;ulntion),    1^07-215 ;    usea   of 

obria  of,  21&-220;  uses  of  corpuscles 

of,    220-223 :    uaea    of    alhiinien    of, 

223,  £24 ;  uses  of  fattj  matter  of,  224, 

225 ;  nsea  of  inorganic  components  of, 

226;  purifioatioD  of,  by  excretory  pro- 

eeasea,  226,  227 ;   c<]iiipo:5i.tion  of,  de- 

terminea  modes  of  nutritioa,  227-229; 

827.  328;  life  of.  22J>.  2^8;  aelf-maiD- 

taioinK  power  of,   229,   230;    elimiDa- 

tioQ  of  poisons  from,  230,  231 ;  coDtaiui- 

DutioQ  of,  by  morbiii  poisons,  225,  23(>. 

Rate  of  Proputsion  of,  by  heart,  253-255  ; 

rate  of  movement  of.  through  arteries, 

2('i2-2C5  ^  tlirou|2h  capillaries,  266-269 ; 

through  reins,  275-278. 

Bloud-vessels,  Absorption  by,  from  alimeo- 

tary  oanal,  143-H6;  from  body  in  gene- 

ral,   14(^149;    influence  of  state    of,  on 

coagulutioQ  of  contained  blood,  209>Zll ; 

see  Arterut,  Capillariet,   Veins. 

Bone,   degeneration    and    regeneration   of, 

384,  335. 
Brain,  see  Certbrum,   CerebtUum,  and   <Sdn- 

»or!/  Oant/lia. 
Branchial  Arche?,  780-791. 
Breeds  of  Animals,  origination  of  new,  8S2. 
Brigbt's  disease  of  Kiiiuoy,  SSC,  387;  state 

of  blood  in,  203,  204. 
Broncbinl  tubes,  contractility  of,  286,  287. 
Bruuner's  Glands,  127. 
Buffy  Coat  of  bluod.  213-215. 
Bui  bus  arteriosus,  784. 
Buabmeu,  of  Houtbern  Africa,  681,  845. 

C. 

Calcutta,  black  hole  of,  316. 

Calorifio  Value  of  different  articles  of  food, 
66,  67. 

Calorifying  Power,  aoarces  of,  411-415; 
see  I/eat. 

CnnoerouB  growths,  327  note,  367. 

Capillariet,  Btructuro  of,  26C,  267 :  (lift- 
meter  of,  2H7 ;  arrangement  of,  2t>8,  269  ; 
rate  of  mcvoment  of  biood  through,  209 ; 
its  variations,  270 ;  its  iadependence  of 
heart's  action,  27U,  271 ;  its  regulation 
by  conditions  operating  in  capillaries 
themselTes,  272-274 ;  influenoe  of  ner- 
Tona  svatem  on,  275 ;  influence  of  shock 
on,  275. 

Carbome  Arid,  in  Blood,  193;  sonrcea  of 
production  of,  in  system,  280-262;  its 
exchange  for  oxygen  in  respiration,  302- 
804 :  circiimstauoea  affecting  qunntity 
genenkted,  304-^09 ;  eitricdtion  of,  from 
skin,  30H:  elimination  of,  by  atmosphere 
of  nitro;^eQ  or  hydrogen,  309. 

Cardiac  plexus  of  Sympathetic,  774,  775. 

CiLrnivoriiuu  auimrila,  respiratioQ  of^  303, 
304  ;   excretions  of,  360-302. 

Caaein  of  Milk,  819. 


Castration,  infloenco  of,  on  growth  of  hair 

and  boras,  228. 
Catalepsy,  oases  of,  869;  Mesmeric,  622. 
Caucasian  llauo,  837  ;  rariety  of  colour  in, 

826. 
Celtic  Race,  838. 

Cephalic  Ganglia  of  Invertebrata,  433. 
Nerves,  general  character  and  re- 
lations of,  471,  472. 
Ctrebtllum,    peculiar    to   Vertebrata,    489, 
611;    Riructure   and   relations    of,    611- 
614;  relative  development  of,  in  different 
animals,  514  ;  results  of  experiments  on, 
614,    515;     pathological    phenomena    of, 
616;  functions  of,  517-522, 
Cerebration,  unconscious,  687-689, 
Cerebro-spinal  fluid,  630. 
Cerebro- Spinal   Sytlem,    see    N^HToirs    8ts- 
TBM,  Cerebellum,  Ctrebntm,  Medulla  ObUtn- 
gala^  Sentory  Ganglia,  Spinal  Cord. 
Cerebrum,  peculiar  to  Vertebrata,  61,  486; 
its    inferiority    in    lower    Vertebrata, 
438;  its  relative  size  in  different  ani- 
mals, 532,  533 ;  its  vast  predominance 
in  Man,  622;  variations  of  size  in  him, 
633;  ila  structtire,  623-628;   cortical 
substance,    623;   medullary  substance, 
624,   625;    its  radiating 'fibres,   625; 
its  commissures,  526-5:^8 ;  ita  weight, 
62^:    its   supply  of  blood,  629,   630; 
development  of,  806-808. 
Funetiona    of,    630-537,    624,   626:    its 
relntiau   to  Intelligence   as   contrasted 
with  Instinct,  630^^34,  536. 637;  effeeta 
of  its  removal,  496.  497,  634;  of  soa- 
pension  of  its  activity.  037,  640;    in- 
formation   dudueihie    from    its    patho- 
logy, 635;    its   functional    connection 
with  Sensory  Ganglia,  636,  637  ;  its  au- 
tomatic activity,  642,  643  ;  i8ee  Mind.) 
Abnormal    activity    of,   626,  6.36;    Deli- 
rium,   026,    627;    Mania,    627,    628; 
Insanity,  628-638  (see  Insnnity^;  Hys- 
teria,  633,  684;    Hallucinations,   634; 
Chorea,  636. 
Chictodon  rostratus,  instinct  of,  655. 
Change    of    matter    required    in    Organio 

functions,  862,  863. 
Childhood,  characteristics  of,  864,  866;  dis- 
eases of,  860,  861. 
Chimpanzee,  oomparison  of,  with  Man,  84, 

43. 
Chloride    of   Sudiam,  in    blooil,   226;    in 

urine,  896. 
Chlorosis,  state  of  blood  in,  202,  203;  treat 

roent  of,  216  note. 
Chorda  dorsal  is,  767,  788. 
Cholera,    state   of  blood  in,  202-206;   in 
flueuoe  of  putrescent  food  in  developing, 
78  note ;   influence  of  imperfect  respira- 
tion in  developing,   817,  328:   tliirst  of, 
relieved  by  saline  injections,  82. 
Cholesterin   in   Bile,  377 ;   in   Blood,   187 ; 

increase  of,  in  old  age,  229. 
Chorda)   Vooales,    717-719;   regulation    of 
their  tension,  719,  720;  nature  of  their 
action,  721-726. 
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ChoTM,  pathology  of,  635,  686. 

Chorion,  formAtion  of,  765 ;  tufts  o<^  767> 
7«9. 

Chromatic  Aberration,  668. 

Chjrie.  composition  of,  166,  166;  nicro- 
Bcopio  characters  of,  156,  157 ;  asaimila' 
tion  of,  168.  159. 

Chyme,  formation  of,  by  digMtife  process, 
116-120. 

Cieatriudon,  process  of,  846-348. 

Ciliary  ganglion,  462,  736,  736. 

Ciliary  moecle,  function  of,  668,  669. 

CiBcrtATiON,  63 ;  general  plan  of,  280- 
241 ;  action  of  Heart  in,  241-267  (see 
Heart) ;  action  of  Arteries  in,  268- 
266  (■»«  Arterifi)',  action  of  Capil* 
laries  in,  266-275  (see  Captllari*M) ;  ac- 
tion of  Veins  in,  276-278  (see  VrittM). 
Peculiarity  of,  in  Cranium,  278,  270, 
529,  690 ;  in  Erectile  tissues,  279,  280. 
In  Fcetua,  early  type  of,  789,  791 ; 
changes  in  plan  of.  790;  plan  of,  in 
mature  fcetus,  795-797. 

Cirrhosis,  of  liver,  874,  875. 

Civilization,  influence  of,  on  form  of  skull, 
829,  830 ;  on  body  in  general,  881-838. 

rinirvoyancej  623. 

riaremont,  lead-poisoning  at,  76. 

Cliissificatinn,  mental  process  of,  577,  578. 

Cloaca,  799. 

CongnlaWe  Lymph,  effused  for  reparation, 
845;  in  iiiflammation,  858-855. 

Contpdiidrm  of  Ulooit,  172,  207 ;  essen- 
tially due  to  solidification  of  iiVjrin,  207, 
208 :  an  act  of  viulity,  208,  209 ;  occa- 
sional deficiency  of,  209-215;  retarda- 
tion of,  209-21 1 ;  effect  of  external  in- 
flnencee  on,  210-213;  influence  of  rest, 
210  :  influence  of  warmth,  210 ;  effect  of 
neutral  salts,  210,  211  ;  non-effect  of  sur- 
rounding aimospliere,  21 1  ;  influence  of 
depregped  vitality  or  death  of  vessels, 
211.  il'2;  influence  of  admixture  of  dead 
matter,  212,  218;  varying  proportions 
of  serum  and  clot,  213;  formation  of 
buffy  coat  in,  218-215. 

Cochlea,  functions  of,  698,  699. 

(?ocblear  nerve,  distribution  of,  691,  692. 

Coenifisthesis,  6&),  654. 

Coffee,  effect  of,  on  urine,  899,  400. 

Coition,  share  of  Male  in,  752,  758;  of 
Female,  768. 

Colli,  influence  of,  on  tonicity  of  arteries, 
259-2t'.l ;  power  of  resisting,  variation 
of,  with  age,  418-421,  864  note;  power 
or  generating,  420;  death  by,  412-414, 
867. 

ColoBtrum,  818-820. 

Colour  of  Blood,  changes  of.  105,  196. 

of  Skin,  variation  of,  in  Man,  826, 

826. 

Colours,  want  of  power  to  discriminate, 
687,  H88,  705;  production  of  comple- 
mentary, 686,  687 ;  modification  of,  by 
juxtaposition,  687. 

Colourless  corpuscles,  see  Bfood. 

Coma.,  640  •,  Mesmeric,  620-624. 


Comparison,  intellectual  process  of,  681 
Commissures  of  Cerebrum,  625—528. 
Complemental  Nutrition,  doctrine  oi^  S9T|^ 

228. 
CompleraeaUry  Colours,  686,  687. 
Conception,  act  of,  772,  773. 
Conduct,    determination    of,    by    the 

f^04,  C05;  influence  of  Motives  on, 

609. 
Conduction  of  sonorous  vtbratJoiM,  898b 
Congestion,  predisposition  to,  201  ;  of  livtr, 

various    forms    of,    878,    874 ;    venoes, 

causes  of,  277,  278. 
Conscience,  nature  of,  568-565, 
Consciousness,  the  foundation  of  all  Mental 

activity,  545,  546 ;   seat   of,    in  Sensory 

Ganglia,  502.  603.  536,  687. 
Conversions  of  Relief,  688-685, 
Convulsive  Diseases,  644-648, 
Co-ordination  of  Movements,  the  probable 

fnnction   of   the  Cerebellum,   514,    626; 

influence  of  habit  on,  708. 
Corpora  Malpighiana,  of  Kidnej,  884,  886; 

their  uses,  886 ;  morbid  changes  in,  888; 

of  Spleen,  160;  uses  of,  167. 

^- Olivaria,  466. 

Pyramidalia,  456-458. 

Quadrigemino,  488 ;  their  ftinctiaiu^ 

497. 

— Restiformia,  467. 

Striata,    489,    490 ;     ftinctiona    of, 

498,  499  ;  connection  of,  with  Cerebnun, 

526,  626. 

Wolffian*,  799. 

Corpus  Cnllosum,  625,  626;  casM  of  dN 

ficiency  of,  528  nott. 

• Deutatum,  457. 

Luteum,  formation  of,  75&-76S. 


Corpuscles  of  Blood,  see  Blood. 
of  Chyle.  166.  157;    their  trans- 
formation into  blood-corpuscles,  182-184. 
Correlation  between  Mind  and  Force,  Ml- 

646. 
Coughing,  set  of,  296. 
Cranial  vertcbrw,  804-806. 
Cranio-Spinal    Axis,   the  fondamental  por^ 

tion  of  the  Cerebro-Spinal  System,  487 ; 

see      MtduUa     Oblemgma      and     Spinal 

Cord, 
Cratiium  of  Man,  compared  with  that  of 

Apes.  84-87,  40-42;  different  forms  of, 

827-880;   peculiarity  of    circulation  in, 

278.  279,  529,  530. 
Craasamentum,  172,  178,  207;    proportion 

of,  to  serum,  278. 
Creatine    and    Oeatinine,    components    of 

blood,  187,  225  ;  of  urine,  898. 
Critical  Evacuations,  401. 
Crura  Oerebri,  motor  and  sensory  tracts  of, 

458-460 ;  effects  of  section  of,  499. 
Crving,  act  of,  295. 
CiTsUls  of  Blood,  187,  18a 
Cutaneous  Asphyxia,  404,  405,  414,  416. 

— _ Kefpirotion,  807,  808,  414,  416. 

Transpiration,  401-405 ;   see 

doriparouM  ExerHtut. 
Cysts,  piliferoas  and  dentigerotM,  841t 


INDEX    OP    SUBJECTS. 


889 


I 


D. 


D«Ui)DiBia,  687. 

Deaf  and  Dumb,  606,  726. 

Ihath,  lb*  Dwmmuj  couuinnation  of  Life. 
849,  863,  864;  Bom&tio.  8(]4^(>7 ;  mole- 
culiu-,  864-868;  app&rent  and  re&l,  868, 
869 ;  sigDS  of,  86U. 

Dccidua,  formntioQ  of,  765,  766,  767  ;  ite 
ehans  ia  foriu&tioa  of  placentE,  769,  770, 
771. 

Seolin«,  period  ot  862,  86a. 

Defecalioii,  act  of,  99,  483. 

Uer/enfration,  continual,  of  living  tisfraes, 
32d-a31,  333-337 ;  of  muscle,  3^8,  342 ; 
of  bone,  833-385;  of  teeth,  837;  in- 
oresaed  tendenc;  to,  in  inflammiitioD,  349- 
851 ;  of  Ijmph  and  its  produota,  363- 
355. 

— — Calcareous,  862,  863. 

Fatty,  3a5.  38B;    favoured  by 

babkukl  u»e  of  utcoholic  liquors,  78,  336  ; 
tendency  to,  durini;  period  of  decline, 
86:1;  of  Uterus,  3;i3,  774;  of  Hepatic 
oella,  875,  376;   of  Eenal  cells,  887. 

SeglutitioD,  act  of,  UO,  01 ;  nerrea  of,  01, 
92. 

Deity,  Anthmpornorphto  and  PantlieTBdo 
views  of,  544,  545:  notioufl  of,  568,  564. 

Delirium,  6J6,  627,  628. 

I^lu.fions,  632.  6.33,  684;  Epidemic,  590. 

Peotittun,  first,  853 ;  aecond,  856- 
858. 

Determinatioaa  of  Blood,  local,  caaaea  of, 
271.272, 

Deutencephaloo,  development  of,  807. 

Ih»elf)j>tiuat,  a  source  of  ilemtknd  for  nulri- 
tioa,  828,  329 :  ita  difference  from  growth, 
829;  arrest  of.  316,  71^2,  7!^6,  8U2,  808, 
806;  p«riodof,  860,  861. 

tkvtlopmeiU  of  Embryo,  general  pUa  of, 
788,  784;  earliest  stages  of,  754-780; 
segmentation  of  yolk,  785-788 ;  forma- 
tion of  blsatodertnic  veBicIe,  787 ;  fouo- 
datioa  of  Vertebral  column  and  Nervous 
centres,  787,  788;  devetopmeut  of 
Amnion,  788,  792;  vasculiir  urea,  788; 
Vitelline  vessels,  789;  Heart  and  Arte- 
rial gj»tem,  789,  793 ;  Allaotois,  790, 
791 ;  Umbilical  vessels  and  placental 
villi,  790;  Venous  system,  79.3,  795; 
Alimentary  canal,  787,  795 ;  Liver,  796, 
797 ;  8pteen  and  other  vascular  glands, 
161-165:  Lungs,  798;  Uriuary  org»Da, 
798;  QenenUtve  apparatus,  800-803; 
Mammnry  gland.  81 5;  Skeleton,  802-806  ; 
Nervous  Ceutres,  787,  806,  807 ;  cephalic 
nerves,  471  ;  Eye  and  Ear,  808. 

JXet,  Animal,  67;  Vegetable,  67;  mixed, 
68;  of  trainers,  73,  74;  different  scales 
of,  7l-7<>;  tntluence  of,  on  composition 
of  DIood,  19i;  ou  Respiration,  303-806; 
on  Eicretion  generally,  360-^^68  ;  on  oom- 
pottiiion  of  Urine,  397,  898. 

Diffusion  of  gaaes,  law  of,  302. 

DiOBSTioN,  general  nature  of,  52. 
Buccal,  102,  103. 


G(utric,  A  process  of  chemio&l  eolation, 
115;  time  required  for,  116  ;  limited  to 
aiotiied  Bubstanoes,  117;  ioflaenco  of 
various  oondttions  on,  120. 

Inttitinal,    inflluence   of    paocreatio   flnid 
in,  120-124;    of  bJle  in.  124-127;  of 
euccufl  entericus^  127,  128 ;  its  univer- 
sal efficacy,  127,  128. 
Dingo,  Aostratian,  breeding  of,  8<32  note. 
Direction  of  sou  ads,  judgment  of,  098,  704. 

;  viaual  sense  of,  676,  690. 

,  Centre  of,  690. 

Discus  proligerua,  759. 

Disintegmtiun  of  Tissues,  see  Dtgeneratton. 

Distance,  adaptation   of  eye   to,  668-^70; 

visual    appreciation    of,  681,  682;    audi- 
tory appreciation  of,  704,  706. 
Diuretics,  effect  of,  on  urine,  4(X),  401. 
Diurnal  variation  of  pulse,  258,  259;   of 

respiration,   807;    of   temperature,  407, 

40a 
DivintDg  Rod,  rationale  of,  693,  694. 
Dominant  Ideas,  influence  of,  in  producing 

movement,  69U,  591 ;  in  directing  current 

of  thought,  605;   on  action  of  mind  in 

Insanity,  682-634. 
Double  Monsters,  889,  S40,  860. 
Dreaming,  616-618- 
Dublin    Lying-in    Hospital,    mortality    in, 

824-826. 
Drink,  water  the  natural,  76;  influence  of, 

on  composition  of  blood,  190-192 ;  effect! 

of  Alcoholic,  77-79,  836. 
Ductless  Glands,  structure  of,  158, 169,  166 ; 

functions  of,  16&-168. 
Ductus  Arteriosus,  792-795. 

Cuvieri,  793-796, 

VenoBUB,  793-795. 

Duration,  relative,  of  different  parta  of  the 

Organism,  829-881. 
Duty,  idea  of,  606-609. 
Duverney'i  GlandB,  768  n»U. 

B. 

Ear,  external,  700-702  ;  internal,  695,  706; 
see  Ilearifijf,  Organ  of. 

Eurlhy  Phosphates,  in  urine,  894-396. 

Ectopia  Cordis,  case  of,  248,  262. 

Education,  objects  of,  540,  541. 

Efferent  nerve-fibres,  430,  443-446. 

Ejaculutto  tieminift,  752 ;  its  independence 
of  sensation,  482-486. 

Elasticity  of  Arteries.  262  ;  of  Veins,  275 ; 
of  Lungs,  287,  288;  of  walls  of  Cheat, 
289. 

Election,  seats  of,  226. 

EUctrieUy,  Evolution  of,  in  living  body,  422, 
A'l'H ;  connection  of,  with  nutritive  and 
secretory  o^^erationa,  422,  423  ;  Muscular 
current  of,  4*23-426;  disturbance  of,  iu 
muscular  contraction,  426  ;  Nervous  cur- 
rent of,  427,  428 ;  distarbance  of,  in  ner- 
vous action,  428,  429;  peculiar  cases  of, 
429,  480. 

— — —  Influence  of,  on  coagulation  of 
blood,  209;  on  action  of  heart,  248;  oo 
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urtAries,  26(> ;  on  meaocephale,  600,  502 ; 
on  Dcrrp^  of  special  sense,  662. 

Elcciro-Hiolojjiciil  state.  60",  602,  608. 
ibryo,  development  of,  sec  Dn'tlcpmrnt. 
"bryonic  life,  peculiarities  of,  8-1'J,  850. 
p/inna/  Actions,  6*J7.  6t)8  -,    their  source 
in  the  Cerebrum,  636,  63(i ;  their  distinct- 
aeM  from  Tolitional   acliuos,  6(i8,   669; 
Feet  in  relieTing  emotioDol  excite- 
^670,  671. 

Insanity,  680,  6:11. 

Sensibility,  663,   654,    568,  660; 

BssociatioD   with   IdeM,   ooiutituting 
EtnotioQs,  606,  667. 

Hmottrms,  nature   of,  666,   667;   excitation 

-lOf  by  muscular  saggestioo,  620-623; 
their  direct  action  in  producing  move- 
inent,  567,  668 ;  their  chaonel  of  opera- 
tion,  668,  669  4  their  action  on  organic 
functions,  738-745 :  their  influence  on 
intellectual  prucesses,  670;  their  expen- 
diture in  boJily  change,  670,  671;  tiieir 
influence  on  ruiitional  movements,  671, 
672  :  their  agency  as  motives,  606,  607 ; 
their  unconscious  action,  588,  689;  their 
perverte<l  action  in  Insanity,  627,  628, 
682,  633;  in  Hysteria,  638,  6-34;  in- 
fluenoe  of,  on  stammering,  731,  732. 

EpeoMphalio  Vertebra,  806. 

Epeucephalon,  development  of,  787|  7B8, 
806. 

Epidemic  Delusions,  690. 

Diaeatjes.     predispuntion    to,    in 

state  of  Hlood,  2<18,  284 ;  froot  ptitrejcent 
food,  74,  76;  from  putrescent  water,  76; 
from  alcoholic  liquors,  78-60;  from  star- 
vation. 83,  84 ;  from  insufficient  respira- 
tion, 316-.'i27. 

Epilepsy,  pathology  of,  642,  643. 

Epithelial  tissues,  exuviation  and  replace- 
ment of,  332,  333.  343,  344. 

Erectile  tissues,  circulation  in.  279. 

Erect  Vision,  cause  of,  676,  677. 

E9i|uimaux  Race,  845 ;  pyramidal  skuU  of, 
828. 

Ethiopian  Race,  842-844. 

European  Nations,  837-^40. 

Euskarian  Langange,  839. 

EusUchian  Tube,  functions  of,  696,  C97. 

Valve,  uses  of,  796. 

Eieiio-MotuT  Actions  of  Spinal  Axis,  477- 
482 ;  their  independence  of  sensation, 
478-481  ;  their  adnptative  character,  481  ; 
their  relation  to   the  Organic    functions. 

482,  483 ;    their    protective    character, 

483,  484 ;  their  subservience  to  locomo- 
tion, 486,  486;  their  eatAblishment  bj 
habit,  486,  487. 

ExcBKTJON,  geneml  natare  of,  64-56 ; 
sources  of  demand  for,  64,  369;  statics 
of,  360-363 ;  complementary  relation  of 
different  modes  of,  863,  S64;  ricarioua 
forms  of.  863,  366,  866. 

Exercise,  influence  of.  on  excretion  of  car- 
bonic acid,  806,  3(17 ;  on  composition  of 
urine,  389'391  ;  on  temperature  of  body, 
408. 


Exhalation  of  aqneons  Tapour,  frm ! 

810,  811  ;  from    Skin.  402-404:  fnpS" 

fying  effect  of,  410-412,  420,  421. 
Exhaustion,  Death  bj,  cauM«  of,  414,  HV. 
Expectant    Attention,    me»   Aitvolion,  b> 

peclant. 
Expiration,  movements  of,  288,280; 

rw]uired  for,  289,  290.  

Extractive,   of  Blood,   187,  188;  of  OnM^ 

893,  394. 
Externality,  elementary  notion  of,  S64«  Uk 
Extra-uterine  foetation,  7«2.  763,  774,  771 
Exudations,    rfparativo,    344-346;   ia]b»> 

matory,  362,  353. 
Exuviation  of  effete  TtMues.  SS2,  836,  U7. 
Ej/t,  optical  structare  of^  668-671 ;  adipH 

tion  of   to  distonoee,  670,  671 ;  bctvmm 

organization    of,    see    Rtttna ;   use  of  ia 

Vision,  see  Virion  ;  development  of.  801. 
Eyes,    convergeoce    of  axes    of,   in  otgtc^ 

670,677,  678,   712,  718:  DOfennts  < 

directed  by  viatiaJ  senae,  606,  506; 

tion  of  WUl  to,   608,  609 ; 

^mmetry  of,  708-713. 


Facial  Angle  of  Man  and  Apes,  42. 

Nerve,  464,  465. 

Faeces,  composition  of,  130,  181  ;  soareesf 
their  peculiar  constituents,  ISl,  ItS; 
expulsion  of,  99,  482,  483;  fatty  matta 
in,  224. 

Fakeers,  Indian,  apparent  death  of,  668. 

Fallopian  Tubes,  development  of,  7M; 
passage  of  spermatoxoa  through,  7U; 
passage  of  ova  through.  763.  764;  for- 
mation of  chorion  in,  764,  764>. 

False  Perceptions.  634,  635.  641,  042. 

Falsetto  Voice,  nature  of,  725,  726. 

Farinaceous  constituents  of  food,  a 

Fnroesc  islanders,  diet  of,  74,  76. 

Fat,  in  Blood,  186,  187;  uses  of,  2S4.! 
increase  of,  in  disease,  204 :  ia  old  ofa, 
229;  in  Chyme,  emulsifioation  of.  1S1> 
124;  in  Fteces,  224.  225;  prodoetiOB  of, 
in  Liver,  160,  198,  372,  380. 

Fecundation,  act  of,  764  ;  seat  of. 

Feelings,  simple,  as84>cialed  with 
653  ;  with  Ideas,  666,  507. 

Frmalr,  physiological  peculinritiee 
Sex;  mental  constitution  of.  B\Z\ 
and  vreight  of,  at  birth,  809,-910; 
subsequent  increase  of,  812;  viability 
of.  811;  puberty  of,  756;  influence  (vf, 
on  progeny,  779-782  ;  on  sex,  808;  ahin 
of,  in  Generation,  see  Ohsratiox. 

Fenestra  ovalis  and  rotunda,  694— C96. 

Fever,  alterations  of  blood  in,  201.  2W; 
sources  of  predisposition  to,  238,  284; 
mortality  fri>m,  <S23. 

Fibrin  of  Blood,  its  non-identity  vitk 
muscle-fibrin,  216,  217:  normal  propor- 
tion of,  186,  199;  iacrea»«d  proportioa 
of,  in  arterial  blood,  19.'3,  194;  in  spleaio 
vein,  197;  augmentation  of,  in  inflam- 
mation,   188,     189;     diminution    of,   n 
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ftdTTiikiDio  disensea,  201,  202;  its  cosgu- 
Intion,  207,  208  (Be«  Congutatioa);  ita 
uses.  2HU220. 

Fibrin  of  Chvle.  155-157. 

> of  Lymph.  166,  167,  158. 

Fibriuoua  effusions  of  ItiElammatioD,  352, 
353;  consemttve  natare  of,  .Vt4. 

fSfth  Pair  of  Nerrea,  diBtribialion  Binl 
functions  of,  A<t\\,  4l>2;  its  iiciion  in 
inasticatvoTi,  B7.  90 ;  in  deglutition,  %l  ; 
in  ri>!tptratioQ,  29t  :  ita  ageney  id  tUBte, 
461,  464,  4C36  ;  in  smell,  4U1,  <!m  ;  its  io- 
fluenoe  on  salivary  secretion,  739,  740, 

Piliforra  papillae  of  tougue,  t>60-6(ja. 

Finnish  Rao«,  840. 

Fish,  brnin  of,  cotnpared  with  MftD'a,  438. 

Flute-pipes,  laws  of,  772. 

Fcetiis,  circulation  in,  7%;  mode  of  deter- 
mining age  of,  851,  852:  nature  of  Ufa 
of,  84fl',  860 :  size  and  weight  of.  at  birth, 
810;  deTclopmcnt  of  organs  in,  see 
D«nlepmmt. 

^bod,  sources  of  demand  for,  50-52 ; 
general  parposes  ami  applications  of,  62- 
64;  classificntioD  of  compoaents  of,  (>3: 
saccharine  and  olenginous  constitueuts  of, 
63,  64,  68,  69  r  albuminoua  oonstitueots 
of,  63.  M,  68;  gclntinous  GonsCituvats 
of,  t)4,  66 '.  proportious  of  carbon  and 
nitrogen  in  different  articles  of,  66;  calo- 
rific and  histogenotio  tbIuc  of,  65,  66; 
most  economical  combinations  of,  66,  67  ; 
relatiTfi  Tahie  of  animal  and  vegetablo, 
H7-"*>;  qunntity  of,  needed  by  Man, 
71-73;  importance  of  purity  of,  74-76; 
consequences  of  deficiency  of,  82-86 ; 
prehension  and  ingestion  of,  86,  87  ;  re- 
Intive  digestibility  of  different  kinds  of, 
llfi,  117  ;  influence  of  nature  of,  on  com- 
position of  blood,  1*J0-1H2;  on  respira- 
tion, 303,  304  ,  on  excretion,  860-362. 

Force,  its  relation  to  .Mind,  641-645, 

Form,  mode  of  acquiring  knowledge  of,  by 
Touch,  665;  by  Vision.  676-079. 

Formative  Power,  of  individual  parts,  827- 
831  :  excess  of,  in  hypertrophy,  338-340; 
deficiency  of,  in  atrophy,  341,  342;  mani- 
festation of,  in  reparative  process.  343- 
348  ;  deficiency  of,  in  inflammation,  349- 
861 ;  its  greater  energy  in  earlier  than 
in  later  periods  of  life,  337,  338,  843, 
850. 

Fornix,  526-528. 

Fourth  Pair  of  Nerves.  463,  464. 

Free-Will,  643  ;  belief  in  our  own,  662. 

Frigorifioation,  influence  of  cutaneoos  ex- 
balatioD  in,  411,  412,  420. 

Function*,  ViUl,  46 ;  Organic,  47,  48 ; 
Animal,  48,  40;  their  mutual  relations, 
4?,  60;    see  AasoBt^toN,  Assimilation, 

CiaCPLATIOW.  &c. 

Fangiform  papilla:  of  Tongue,  694,  696. 

O. 

Oanglia.  stmctnre  of,  430-432;  8e«  Nib- 
TOtrs  Ststkx. 


Ganglia  of    Sympathetic  Bystem,  see  Sym- 

palhttic. 
Qaols,   Indian,  high  rate   of  mortality  in, 
324;    English.  Cholera  in,  817-S20;   at 
Nlsmes,  mortality  in,  84. 
Gases,  absorption  of,  302  ;  diffusion  of.  804. 

of  Blood,  193,  194. 

Gastric  follicles,  structure  of,  104,  108. 
Qaalric  Juin,  composition  of,  lOft-110;  con- 
ditions of  its  secretion,  110-113;  quan- 
tity of  secreted  daily,  111;  influence  of 
nervous  system  on,  113-116;  740  no/e, 
740,  7-11;  solvent  power  of,  116-120. 
Oasserinn  ganglion,  461,  462  ;  its  influenoe 

on  nutrition,  744. 
Gelatin,  aaes  of,  as  food,  64,  65. 
GErfKB-ATioN,  general  nature  of,  57;  provi- 
sions for  its  performance,  746,  747. 
Action  of  MaU  in,  748-753;  structure 
of  testes,  748,  74fi;  characters  of  semi- 
nal fluid,  749,  760;  nature  and  evolu- 
tion of  Spermatoxoa,  760,  761 ;  essen- 
tial importance  of  Spermatozoa  in 
fecuDdatioQ.  751,  76^  764;  puberty. 
epoch  of,  761,  762;  sexual  desire,  621, 
522,  762;  coition,  762. 
Action  of  Femalt  in,  763,  789;  structure 
of  Ovura,  753.  764  ;  evolution  of  ovum, 
764,  765 ;  period  of  puberty,  766,  760 ; 
menstrual  discharge,  756-768;  coinci- 
dent ovulation,  767,  768;  duration  of 
procreating  period,  758;  her  function 
in  coition,  768;  maturation  of  ova, 
7-58-760;  corpus  luteum,  768-761  ; 
fecundation  of  ovum,  762-764 ;  con- 
sequent changes,  764 ;  formation  of 
chorion.  766;  formation  of  decidtia, 
7<>6-767 ;  of  villi  of  chorion,  767-76(1; 
of  foetal  tufts,  769;  of  Placenta ,  "69. 
770;  changes  in  Uterus  during  ges- 
tation, 772;  quickening,  772;  partu- 
rition, act  of,  773,  774 ;  period  of, 
774,  777,  778:  superfcetation,  778.  770; 
see  Lactation,  Mammary  Otand,  Milk. 
Influence  of  Parenit  on  progeny,  779, 
780;  effects  of  near  relationahip  of, 
780.  781 ;  influence  of  Male  on  subse- 
quent offspring.  781,  782;  effects  of 
state  of  parents  at  time  of  conception, 
781 :  Bubseqaent  influence  of  Mother, 
746.  746,  782,  788 ;  influence  of  Agea 
of  parents  on  Sex  of  progeny,  808. 
Smbryonie  Dtvtlopmmt,  Bee  Developpunt 
of  Embryo. 
Generation,  Urgans  of,  their  daTelopmeat, 

800-803. 
Germinal  Capacity,  ?*riation  of,  ftt  different 
ages,  849,  850. 

Membrane,  786,  787. 

Spot,  753.  764. 

Vesicle.  754,  756;  its  disappear- 
ance after  fecundation,  768,  764. 
Gestation,  ordinary  term  of,  774,  776;  ab- 
breviated, 776,  777 ;  protracted,  777, 
778. 
Gtandt,  Assimilating,  of  Absorbent  System. 
152-166;  their  functions,  167,  158;   of 
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Sanguiftroas  iystem,  168-166 :  thoir  funo- 
tions,  165-168;  double  character  of  Lii  or, 
876-877. 

Secreting,  essential  nature  of,  867, 


858. 

OhtBo-Phoryngeal  Nerre,  distribution  and 
functions  of,  464-466;  its  instrumcn- 
taliiy  in  defilutition,  91,  92;  io  sense  of 
tHste,  464-466. 

Glottis,  regulation  of,  716-721 ;  artificial, 
723,  724. 

Gorilla,  comparison  of,  with  Man,  83,  84. 

Graafian  vesicle,  763;  formation  of  OTum 
within,  754;  escape  of  o?un»  from,  758, 
75^) ;  subsequent  ohangee  in,  760-761. 

Granulation  of  wonnda,  847,  848. 

Growth,  period  of,  860-&C1. 

. a  source  of  demand  for  nutritinn, 

328;  excess  and  deficiencj  of,  S'28;  its 
difference  from  development,  829;  for- 
mative activity  during  period  of,  860- 
801. 

Guiding  Sensations,  essential  to  voluntary 
moTements,  506-507 ;  their  influence  in 
ideo-motor  actions,  601,  692  ;  see  ifiueu* 
lor  Sfntt. 

Outtalory  Ganglia,  488,  489. 

Serves,  466,  466,  494. 

H. 

Habit,  influence   of.  In  establishing  excito- 
motor  actions,  485,  486 ;  on  sensori^motor 
•etions,  604,  606 ;  on  Intensity  of  sensa- 
_   tiona,    548,   649;    on   perceptions,    654- 
659 ;    on  euocessioa  of  ideas,  674,  575 
603-607 :  on  impressions  on  sleeping  per* 
tons,  613,  614;  on  amount  of  sleep  re- 
quired,   616,    616;    on    co-ordination   of 
muscular  Tnovemcnts,  707,  708. 
Haohisb,  effects  of.  618.  626. 
Ilffimorrhage,  predisposition  to,  201,  202. 
Hair,  characters  of,  in  different  Races,  820 

827. 
nallucinatioos  of  Insanity,  632-636. 
Hand  of  Man,  peculiar  attributes  of,  88,  84 
Harmony    of    MuMular    movements,    708- 

714. 
Healiog  Processes,  different  forms  of,  844- 

848. 
Hearinff,  physical  conditions  of,  690-695. 
Organ   of,   its   essential    structure,    691, 
692 ;  its  adaptation  to  laws  of  propaga- 
tion of  sounds,  693-695 ;  structure  and 
functions  of  tympanic  apparatus,  695- 
698;  of  labyrinth,  698,  699;  of  exter- 
nal ear  and  meatus,  700-703. 
fiense  of,  703-706 ;  discrimination  of  pitch 
of  tones,  700,  703-7  tH5:    eetimate   of 
direction  of  sounds,  698,  704 ;  estimate 
of  distance,  704,  705 ;  influence  of  ha- 
bitual attention  on  acnteness    of,  704, 
705;    rapidity  of  perception  by,  com- 
pared with  vision,  705;  use  of,  in  rego- 
lating  voice.  506,  507,  705.  706. 
fleart,  irritability  of,  241 ;  rhythmical  move- 
mcaU  of,  241-216 ;  their  source,  242-246 ; 


iufluenoe  of  nerres  upon,  242-246;  dl»- 
tnrbanoe  of,  by  attention  to  them,  788: 
sucoesive  actions  of,  247-250:  oonne  of 
blood  tbrongb,  249,  250;  difference  of 
two  sides  of,  260,  261;  sonnda  of,  261. 
253 ;  rate  and  force  of  propulsion  of 
blood  by,  253-255 ;  number  of  puleationi 
of,  256-258;  first  development  of.  789, 
790  ;  subsequent  changes  in,  792-796. 

Jleat,  influence  of,  on  Vital  Action,  406-407, 
on  period  of  gestation,  774,  775 ;  ea>  < 
durance  of  extremes  of,  410-412 :  its  pro- 
duction in  Human  body,  406 ;  sources  of 
variation  of.  407-409 :  alterations  oC  ta 
disease,  409,  410;  libentioo  of.  after 
deoth,  410;  soureea  of.  411-413,  415; 
loss  of,  the  cause  of  death  by  starvation 
and  exhausting  diseases,  413-416;  partial 
dependence  of,  on  cutaneona  respiration, 
414,  415;  influence  of  nervous  systeoi 
on,  416-418;  inferior  power  of  gene- 
rating,  at  earliest  and  latest  periods  of 
life,  418-421,  864  nott;  reduction  of,  by 
evaporation  from  external  aorfaee,  420^ 
421. 

Height,  at  different  age«,  812. 

Hepatic  Artery,  868-370. 

Cells,   872;    degeneration    ot,  876. 

876. 

Duct,  870.  871. 

Parenchyma,  arrangement  of,  870- 

872 ;  nature  of,  878.  877. 

Vein,  868-870 :  blood  of,  compared 

with  portal,  198.  199. 

nerbivorons  animals,  resplratioa   of,  896^' 
897 ;  excretions  of.  860-368. 

Hereditary  transmission  of  psychical  cha- 
racter, '674,  576 ;  of  maladies,  780-782. 

Hermaphrodism,  802.  808. 

Heterologous  growths,  866,  367. 

Hiccup,  act  of,  295. 

Hindostan,  languages  and  people  of,  840,  841. 

Hippurio  acid,  its  presence  in  the  Blood, 
187,  188,  225:  in  Urine.  892,  393. 

Histopenetic  value  of  different  artiela*  ci  ^ 
food,  66.  66. 

Homicidal  Insanity,  630  note. 

Hottentot  Hace,  844. 

Hybrid  Races,  question  of  fertility  of,  884. 

Hybrids,  influence  of  parents  on,  779,  780. 

Hunger,  indicates  necessity  fur  aliment.  69 
71  ;   immediate  source  of  sense   of,  80^ 
81. 

Hydrogen,  elimination  of,  by  respiratory 
prooe«B,  810,  311;  by  other  excretions, 
860.  861  :  respiration  in,  310-313. 

Hydrophobia,  pathology  of,  648. 

Hypertrophy,  828,  838;  conditiou  of.  838. 
339;   shown  in  production  of  tumonr 
330,  840;  in  •apemumerazy  parts,  840^1 
341. 

Hypnotism,  619,  620. 

Hypochondriasis,  operation  of,  740. 

Bypogastrio  plexns  of  Sympathetk^ 
785. 

Hypospadias,  802,  808. 

Hypoglossal  Nerve,  469,  470 
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Hysteri*,  emotion&l  perrereion  in,  633,  634 ; 

cooTnlaive  phenomena  of,  645,  646,  647 ; 

exalted   sensibilitj   to,  6&0;   remarkable 

ease  ot,  645,  646,  647  naff, 
Hjaterioai  lachuria,  364,  866. 


loelaoders,  freedom  of,  from  tTibcrculosis, 
69,  70;  liability  of,  to  ijmotio  diBeaaea, 
316,  317,  824-326. 

Ideat,  formation  of,  659,  660 ;  inflaenee  of 
language  on,  56(X-^62 ;  intelleotaal,  662- 
664 ;  their  BaooeasioD,  determining  cnuieg 
of,  672-676;  association  of,  OTS-fiSO; 
•xerdbe  of  intellectual  facnlliea  on,  680- 
687  (see  Intellreluai  Facultirt) ;  inflaeoce 
of  Attention  in  intensifjing,  680^  661 ; 
dominance  of,  see  Dominant  Ideas, 

Identification,  676,  677  ;  discoyeriea  of,  678. 

Jdeo-Htoior  Aations,  689-696;  to  be  con- 
sidered aa  reflex  actions  of  Cerebrum, 
6B9;  the  expresaions  of  doroinnnt  ideas, 
6&0,  691  ;  prompted  b;  expectant  atten- 
tion, 6&ft-696. 

Idiocjr,  predominance  of  instinct  in,  633, 
634 ;  remarkmble  cases  of,  50  note,  670 
noit,  609  nvit;  cauaea  of,  671,  676,  760, 
781. 

niuaioDfl,  speotrnl,  641,  642. 

Imagination,  685,  686. 

Imitation,  tendency  to,  680  note. 

Impulsive  Insanity,  630,  631. 

Inanition,  Bse  Starvation. 

Incontibeaee  of  Urine,  647-448. 

InoraaM,  eee  Qrowtb. 

ibdia,  population  and  laDgnagei  of^  840, 
841. 

Inili»- European  race,  837-839. 

Induction,  process  of,  677-678. 

Infancy,  characteristics  of,  862-S64. 

Infanta,  temperature  of,  407 ;  inferior 
power  of  generating  heat  in,  419,  420; 
length  and  weight  of,  at  birth,  808-810. 

Jf^fiatHmation,  inoreaee  of  fibrin  of  blood 
in,  199-201 ;  a  perverted  form  of  nutri- 
tire  process,  349;  its  relations  to  hyper- 
trophy and  atrophy,  849  \  eaasea  of,  841^ 
851;  phenomena  of,  851,  862;  state  of 
blood  in,  362;  cbaracteristio  effnsioaa  of, 
862-366;  unhealthy  forms  of,  868.  864; 
effects  of,  in  tubercular  auhjeots,  366. 

Inflammatory  effusions,  different  chatftOtera 
of,  222,  223,  852,  363. 

Inorganic  Constituents  of  Blood.  188;  their 
uses,  226;  of  Urine.  393-397. 

Insaliration,  100-104. 

Jtuanity,  its  nature  and  causes,  628,  629 ; 
disturbaooe  of  Intellectual  powers  ini 
629.  630;  Emotional  disturbance  in,  680, 
631 ;   Ideational  disorder  of.  624,  ti36. 

Insects,  automatic  action*  of,  488-486. 

laspiratioo,  moveinon  la  of,  288,  289 ;  force 
nqaired  for,  289,  290;  cause  of  first, 
291,  292. 

Instinct,  contrasted  with  Reason,  433-486. 

ImitUutual  FaeuUua,  nature  of,  680,  681  ; 


Antomatic  action  of,  572-675,  680,  686, 
687  f   Volitional    direocioti   of,   643-646  j1 
660,  681,  684-586;    their  foundation  in' 
Association,  676-680 ;  principal  kinds  of, 
681-686. 

Intelligence,  nature  of,  aa  opposed  to  in* 
stinct.  436-437 ;  degree  of,  conformable 
to  fliae  and  derelopment  of  Cerebrum, 
630-534. 

Intoitin&l  Canal,  moTements  of,  97-99;  in- 
fluence of  Sympathetic  nerres  on,  98,  99; 
inflaeQce  of  mental  states  on.  738;  de- 
relopment of,  787,  788,  795,  796. 

— " —  Juice,  127,  128;  ita  use  io  dige»*l 

tion,  127-129. 

SecreiioDB,  influence  of  nerrous 


system  on,  740,  741, 
IntTospei:tiott,  681. 
Intuition,  its  relation  to  Perception,  664-666; 

its  manifestation  in  lEsthetic  sense,  667 ; 

in  moral  sense,  557,  658;    in  emotional 

sense,  668,  669;  in  apprehension  of  truth, 

669.  660. 
IntuitiTe  perceptions,  654-666. 
Involuntary  Movements,  70tS-708 ;  influence 

of  Sympathetic  qr,  736-739. 
tris,  structure  of,  676;  movements  of,  see 

Pupil. 
Irradiation  of  Impressions  on  retina,  687, 688, 
Irritability  of  Heart,  241,  242;  of  ArteticL 

269,  260. 


Jacob's  Membrane,  structure  of,  671-674. 

Jaundice,  ordinary,  from  re-absorption  of 
bile,  365,  3^6  ;  more  severe  form  of,  de- 
pendent on  noQ-eliminatiaDi  of  bile,  379, 
880. 

Jewish  Females,  period  of  conception  in, 
763,  764  note. 

■ Nation,  839 ;  varied  complexion  ot, 

828. 


Kaffre  Race,  848,  844. 

Kangaroo,  mammary  frctus  of,  87  noit, 

A'irfnrt/,  structure  of,  381—386^:  tubuli  nrini- 
feri  of,  881-384;  circulation  in,  384,  886; 
Corpora  Malpighianaof,  384-386;  secret- 
ing cells  of,  381-384;  development  of, 
798-800;  pathological  changes  in,  886, 
887 ;  elimination  of  water  by,  386,  886; 
of  soluble  matters  generally,  898,  399; 
secreting  action  of.  385,  386;  excretorj 
funetifin  of.  386-401  ;  (see  Urine). 

Kurrachee,  cholera  at,  818,  319. 


Labyrinth  of  Ear,  fnnetiona  of,  698,  699. 

Lachrymal  secretion,  influence  of  mental 
slates  on,  740,  741. 

Laelation,  816,  817;  change  of  quality  of 
milk  in  course  of,  820,  821 ;  extraordinary 
prolongation  of,  820 ;  by  males,  817 
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Laettult,  origio  of,   tn  vilH,   13S-135;    ab* 
sorption  by,  140-148;  gUnduIe  of,  162- 
156;  eontents  of,  flee  Chyle. 
L&miiUB  doreales,  7B7,  788. 
L&ndaa,  effects  of  siege  of,  782,  783. 
LAOgasge,  tbo  expre««ion  of  ideas,  558-562; 

lots  of  memorj  of,  581,  582. 
Longuagu  of  different  rscoa,  essential  oon- 
formityin,  83f3;  American.  836.  837,  845; 
Uushmao,  844 ;  Celtic,  839;   Euskariui, 
837-839;  Hindoo,  840,   841;    Hottentot, 
S44,  846;  Indo-Oermnoic,  837-839;  E*f- 
fre,  848,  844;    Malayo-PolynosiBn,  846, 
847;  Negro.  842,  84a;  Negrito,  847.848; 
Sanskritio,  837-839;  Soriform,  440.841; 
Bjro- Arabian.  889;  Tamulian.  840,  841. 
Lanugo  of  foetiis,  227. 
Lapps,  Race  of,  840. 
Laryogiemua  striduius,  647,  648. 
Larynx,  stnioture  of,  717,  719;  muitcTilar 
actions  of,  719-721 ;  precise  adjuetment 
of,  715, 716  ;  tkeir  dependence  on  guiding 
eensiitiona,  506.  507.  609,  610,  726,  727 ; 
nerves  of,  292,  293,  466-4G9 ;  spasmodic 
closure  of,  647,  648 ;  production  of  sounds 
by,  721-726;  theory  of  the  Toice,  721- 
726 :  falsetto  notes,  T^b,  726. 
Laughing,  act  of.  295. 
Lead,  poisoning  of  water  by,  76,  77 ;  cumu^ 

latire  action  of,  230.  281. 
Leaf,  foil  of,  47,  48,  831  nole, 
Leucocytbaeroia,  202,  203, 
Life,  of  an  organtem,  46 ;  of  the  Blood,  206, 

207.  216,  216,  229,  288. 
Ltffht,  evolutioD  of,  ft'om  llTiiig  body,  421, 

422. 
Lightning,  death  by,  effect  of  on  blood,  209. 
Limbg,  nature  and  deTelopmentor,  803,804; 
attempted  reproduotioa  of,  in  foituB,  843, 
844. 
Limits  of  Vision,  C74,  675. 
Litiuor  Amnii,  791. 

BanguiniB,  172,  178 ;  oomposition  of, 

179,  177. 
Lithic  acid,  see  Urio  acid. 
Lii>eT,  structure  of,  866-376;  general  plan 
of,  in  lower  animals,  866,  3ti7 ;  m  Man, 
867,  868,  876,  377;    armngemcnt  of 
blood-Tessels  in,  868-870 ;  biliary  ducts 
10,  870,  371 ;  parenchyma  of,  370-«i72; 
component  cells  of,  iJ72,  373  ;  develop- 
ment of,  796,  797  :  putbotogical  changi's 
(D,   373-376;  double  function  of,  876, 
377. 
Assimilating  action  of,  160,  161,  198, 199, 
881 ;  production  of  fat  by,  150,   161, 
198, 199,  367.  881 ;  productioa  of  sugar 
by.  151.  198,  872,  881;  influence  of 
lesion  of  medulla  oblongata  on,  399  note ; 
of  red  corpuscles  by.  161,  181, 182;  os- 
aimilatioD  ofHlbumeD  und  fibrin  by,  160, 
151,  188,  109;  subservience  of,  to  re* 
■piratory  function,  880,  381. 
£xeretory  action  of,  66,  66,  376,  377 ;  in 
foetus,  879,  880:  formaiioo  of  bile  by, 
877-381;  (see  if i^.) 
Lochift,  774. 


Locomotion,  moTements  of,  465,  4B7,  504, 
606.  707,  708, 

Londonderry  steamer,  cue  of,  316. 

Loss  of  Blood,  influence  of,  on  oootpoiitiw  , 
of  blood,  192,  103. 

LouisTille,  Cholera  at,  320,  321. 

Luminosity,  of  living  body.  421,  422. 

Lungs,  structure  of,  282-286 ;  contractility 
of  bronchial  tubes  of.  286.  287  :  eliu>tieity 
of,  287 ;  forc«  required  for  their  disten- 
sion, 287  :  mecbanism  of  their  esp»iuM% , 
287,  289 ;  capacity  of,  298,  801 ;  eh 
in,  from  section  of  pnenmogaatrioa, ' 
297 ;  development  of  798. 

Lymph,  composition  of,  165;  miorosoopto 
characters  of,  157;  aoiiroe*  of,  149,  IM; 
movement  of,  167,  168. 

Lymph,  Coagulable,  effnsion  of,  in  inflam- 
mation, 363,  864 :  conservative  natare  ot, 
854,  865 ;  fibrinous  and  corpasoular  forms 
of.  852.  853  :  degenerations  of.  868,  855; 
formation  of  pus  from,  354.  365. 

Lymphatiet,  distribution  of,  146;  glandaha 
of,  152-165;  absorption  by,  149,  160; 
contents  of,  see  Lymph. 


M. 


Magnetism.  Animal,  620^2X. 

tlagnetometcr.  deoeptioa  of,  593  lutU. 

Magyar  Race,  840. 

Maintenance  of  organism,  832 :  daring  pe- 
riod of  maturity,  860,  861,  862. 

Malayo-PolyneBian  Race.  846,  847. 

J/u/«,  rudimentary   uterus   in,   800;    mdi- 
mental  mamronry  gl«nd  in,  816;  lacta- 
tion by,  816,  817;  influence  of,  on  pro-, 
geny,  779-782;    on    sex,  809;    siu   and 
weight  of  at  birth,  808-810;  subsequent 
increase  of,  812;   viability  of,  811;    pu- 
berty of,  751 .  762 ;  his  character  as  con^  | 
pared  with  female,  818 ;  ahar«  of  in  Gens*-' 
ration,  see  Okmksjitioii. 

Malignant  growths,  866,  857. 

Malpigbian  Bodies  of  Kidney,  881-386;  of 
Spleen,  159,  161. 

Mammary  Qiand,  structure  of.  813-^16; 
functional  activity  of,  816.  817 :  influence 
of  mental  states  npon,  741-745;  secretion 
of,  see  Milk. 

Man,  Distinctive  Characters  of,  88 :  band 
of,  88,  84;    cranium  of,  84-37,  40-46; 
vertebral  column  of,  39;  lower  extremi- 
ties of,  89 ;  facial  angle  of,  42 ;  myology 
of,  42 ;  visceral  apparatus  of,  42 ;  braia^i 
of,  43 ;  subordination  of  senses  to  inteiri»  j 
gence  of,  48 ;  peculiar  adapl«bility  of,  43;/ 
slow  growth  of,  44 ;  mental  endowment 
of.  44;  articulate  speech  of  44,  45;  caf 
city  for  progress  of,  45. 

Epochs  of  Life  of,  848-860 ;  eanbryonb 

life,  860-862;  infancy,  852,  863:         " 
hood.  854-857;  youth,  869;  adol«W9Ci 
859, 860;  maturity,  861 ;  deoUoe,  f 

Varieties  of,   886,  848;   ae*  Coloaiy' 

Hair,    Languagu,    Pelvis,   £ae£»     Skull, 
lUid  Varietiet, 
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Mwniii,  f.27,  628. 

Marft,  Mad.,  range  of  Toice  of,  716  note. 

MaaticutioD,   act  uf,    87-90;    norres  of,  87 

note. 
MateriKUet  hypotbesia,  &87-54T. 
Maturity,  characteristies  of,  861,  862. 
Mauchamp  br«ed  of  Sheep,  832  note. 
Meconium,  nature  of,  380,  881  note. 
Mtdulla  (ihloriffata,  structure  of,   454-461  ; 
iniitur  trnut  of,  458,   461 ;  sensory  tract 
of,  4a8,  461 ;  sftecial  endowmente  of,  482 
(eee  Spinal  Cord). 

— iSpinolu,  Bce  Spinal  Cord. 

Mcmbrana  Oranuloaa,  763,  754. 

Tyntpaoi,  structure  and  uses  of, 

696,  696. 
Memory.  545,  646,  681,  582. 
Menstrua tinu,  period  of,  755,  750 ;  oatiure 

of,  756,  757 ;  persiBtence  of,  768. 
Metencephiilic  Vertebru,  804,  806. 
Mesencephalon,  development  of,  788,  806, 

808. 
Mesenteric  Blood,  special  characters  of,  1I>6. 

Glandulfls,  structure  of,  152-156. 

Mesmerism,  examination  of  reputed  pbeno- 

ne&a  of,  696,  620,  623. 
Meoooepbale,  effects  of  section  of,  499  ;  ef- 
fects of  electric  current  on,  502. 
Melnmorphosis  of  matter,  required  in  Or- 

gitnic  functions,  862,  864. 
Metastasis    of    Secretion,    863,    S64,   866, 

886. 
Mtlbank  Prison,  scurry  at,  84,  85;  cholera 

at,  317,  318. 
JtUk,  secretory  apparatus  of,  813-816;  sup- 
ply of.  816,  817;  oonstituente  of,  817-820; 
variations  in  their  proportions,  817-821  ; 
innuence  of  mental  etateti  on,  741,  745, 
746;  vsrieties  of,  in  different  animuts, 
821,  822;  relation  of.  to  blood,  821,  822; 
re-sbsorption  of,  822  ;  vicarious  secretion 
of,  821,  823;  quantity  of,  secreted,  828, 
878  ;  passage  of  medicines,  &o.,  into,  873. 

,  Sugar  of,  819. 

MiBD,  of  Man,  its  distinctive  chamcteristioB, 
44,  45,  435-437 ;  Nature  of,  5.57-653 ; 
«n«kteria1i8t  doctrine  of,  638,  539;  spi- 
ritualist doctrine  of,  638-640:  inSuenoe 
of  education  on.  640,  541  ;  its  relation 
to  Matter.  638,  639;  to  Force,  541,  642; 
oorrelation  of  its  action  with  actions  of 
Nervous  System,  541-654;  its  influence 
on  Organio  funotiona,  788-746 ;  suoces- 
aion  of  ohangef^  in,  572,  67-1 ;  influenoe 
of  habit  on,  674 ;  hereditary  tranBrnis- 
sion  of  modes  of  action  of,  674,  575 ; 
variation  of,  at  different  periods  of  life, 
574.  676,  855,  856,  861-868. 
Automatic    activity    of,   642,   643,    673, 

684-687. 
Emotional  activity  of,  666-672,  738-744 

(see  Emoliotu). 
Ideational      activity     of,    659-566     {see 

Ideo-dynamic  activity  of,  689-596,  738, 
746,  746  (see  Ideo- Motor  aetiofu,  and 
ExfteUaU  AUeHlion). 


Intellectual     activity    of,    575-686    (ae« 

Jnieliteival  Faculliei). 
Intuitional     activity    of,    654-560     (see 

Jntviiion), 
Perceptional    aotivity    of,    654-557    (see 

Pereeptiont). 
Sensational     activity    of,    545-554    (see 

Sfntatiofii). 
Volitional  direction  of.  548-646.  572,  578, 
674,  684-587,  699,  609  (see  Volition), 

Model  Lodging-UooBes,  sanitary  state  of, 
823,  324. 

Modelling  process,  845,  346 ;  meani  of  pro- 
moting, S46,  847. 

Molecular  Death,  865-868. 

MongoUan  Race,  840,  841 ;  in  Europe,  83  T; 
in  India,  840,  841. 

Monomania,  630,  683,  684. 

Monstrosities,  by  excess,  838-840;  by  In- 
elusion,  840,  341  ;  by  arrest  of  develop- 
ment. 829,  792-796,  802,  804. 

Moral  Insanity,  630. 

Sense,  667.  658,  664,  566. 

Morbid  Poisons,  see  Poiion*,  Morbid. 

Mortality,  preventible,  of  England,  826. 

relative,   at  different   periods   of 

the  year,  419,  420,  864  note ;  at  different 
ages,  811.  BI2,  864  note. 

Mother,  influence  of  mental  states  of,  in 
fwtus,  746,  782,  783  ;  on  mammary  secre- 
tion, 741-743. 

Motility  of  heart,  246. 

Motives,  influence  of,  605  ;  principal  orders 
of,  605-608. 

Motor  Nerves,  laws  of  transmission  through, 
443,  444 ;  see  Efferent  Nerw-fibrea. 

Tract    of   Medulla  Oblongata,    458- 

461. 

Movementi,  Moscular,  volnntary  and  in- 
voluntary, 707 ;  grouping  of,  707.  708 ; 
symmetry  and  harmony  of,  708-714; 
energy  and  rapidity  of,  714-716;  precise 
adjustment  of,  716;  see  Muscular  Sense. 

Mucous  layer  of  Germinal  membrane,  786- 
788. 

Mule,  characters  of,  779,  780;  sterility  of, 
833,  8S4  note. 

Muscles,  limited  term  of  life  of,  829-381; 
degeneration  of,  388-335 ;  hypertrophy 
of,  888,  339 ;  atrophy  of,  842,  848 ;  eleo- 
tric  current  ia,  422-424. 

Muscular  Apparatus  of  Organic  Life,  707, 
708;  of  Animal  Life,  707,  708;  volun- 
tary and  involtititary  actions  of,  707,  708  : 
see  Movements. 

Muscular  Sense.  505 ;  its  participation  in 
voluntary  movements,  507  ;  its  exaltation 
is  Somnambulism.  019,  620. 

— Suggestion,    its    influence   in    8cm 

nambalism,  619,  620. 

Tension,   influence   of   Spinal  Conl 

on,  487,  488. 

Myopia,  670,  671. 

N. 

Navy,  diet- scale  of,  71-78. 
Neornmia,  deatb  by,  206,  867. 


Negrito  Race,  647,  848. 
Negro,  change  of  colour  in,  825  note. 
Nrin^}  Racm,  colour  of,  H'J5,  826;  hair  of, 
826,  827;  ekuU  of,  828.  829;   motliflc*- 
ti*>ii  of  it«  form  by  chilizAtion,  830;  peWie 
of,  f^\  ;  geogmphicftl  range  and  Toricties 
of,  842,  843. 
Nerre-foroe,  laws  of  transmisaion   of,  442- 

444. 
Nertc*.  electric  current  in,  427-429. 
Nabvooa  Ststkm,  general  functions  of,  68, 
59;  influence  of,  on  Animal  Heat,  415, 
416;    general    arrangemeDt    of,   4S0- 
438 ;  automatic  character  of,  in  Inver- 
tcbrata,     433-486:      distinguished     in 
yntcbrata  by  Cerebrum,  and  miniater- 
ing  to  Intelligence,  435-437. 
CfTehro-Spinal     •jstem,    principal     divi- 
•ions  of,  61,  €2,  436-442  ;  Cranio-Spinal 
Axis,  437  :  Sensory  Ganglia,  437,  438 ; 
Cerebral  Hemisfheres,  488,  439 ;  Cere- 
bellum, 489 ;  general  course  of  action 
of,  438-440 ;  reflex  operations  of  sepa- 
rate   p*rta,    439,   440;    subordination 
of  tbeM  to  tbe  TVill,  440;    relations 
of,  to  Sympathetic   system,  441,  442  ; 
influence  of,  on  Animal  Beat,  415-418; 
on    Organic    funotione,    738-746    (See 
CerebtUvm,    Certbrun,    MtduUa    Oblon- 
gata,   Seiuorjf    Qanglia,    Spinal    Cord, 
Camtiovmtu,     Emotions,     Exdto-molor 
Aetioni,  Ideo-moU>r  Actions,  IntelUetual 
famltiet,    RrJUx  Actions,   Scnsoti-motor 
AetioNt,   Volitional  Actions). 
tip«th*tie    System,    general    straeture 
of,  732-738;  Cerebro-Spinal  fibres  in, 
441,    442,    736;    their   instarumenUUty 
in  sensation  and  muscular  oontractioo, 
787,  788 ;  action  of,  on  iutestinal  canal, 
97-99;    on  heart,  244;    on   blood-vcs- 
aels,  260,  261;   on  nterua,  736,    773, 
774 ;    on   iris,   675 ;    Proper  fibres   of, 
783-735;     their     probable     functions, 
739;    influence  of,  on  Secretion,  739- 
741  ;  on  Natrition,  743,  744  ;  on  Ani- 
mal Heat,  417,  418. 
Tnmkt,  endowments   of,    442-448;    afie- 
not  and  efferent,   442,  448;   use  of 
plexuses  of,  442,  443 ;  laws  of  trans- 
mission in,  443,  444;  modes  of  deter- 
uiining   their  functions,    444-448 ;    by 
peripheral   distribution,  444,  445 ;    by 
central  connections,  445,  446;   by  ex- 
periment,   446,    447 ;    by    obseTration, 
447,  448. 
?IerToua    Tissue,  limited  duration  of,  331  ; 
continual  reparation  of,  882,  888 ;  atrophy 
of,  342,  848. 
Nismes,  prison  of,  mortality  at,  84,  85. 
Nitric  Acid,  in  urine,  894-396. 
Nitrogen,  proportion  of,  in  different  articles 
of  food,  Co,  66;    its  presence  in  blood, 
198;  exhalation  and  absorption  of,  310; 
excretion  of.  360-363. 
NvTRiTioH,  general  nature  of,  58,  54,  235, 
236 :    dependent   on   pebulum    in    blood, 
227,  228,  327,  328 ;   conipleuiental,  doo- 


trioe  of.  227-220 :  eonre«s  of  imtdlm, 
in   increase,  828;    in   den^dopaiM,  B^ 
329;     in    muntcDance,    <2i^-Ul;  a^ 
ditions  of   iti  perfonoaae*.  8S2;  iM» 
■titial  and  enperficial^  S82-S87;  i«(jb| 
activity  of,  337.  iSS:  ftt  dtScreat  ytrisli 
of  life,  848-850;    abDoival  i^itm  4. 
888-843 ;    peenliar  pbaaca  tX^  in  nfm^ 
tion     of    injuries,     848-348;     aba«niri 
forms  of;  341t-367  ;  inflammatioo  aai  ik 
resulta,  S49-S&5  :  tuberoaloaaa,  SSt,  IK; 
malignant  growths,   856,  357;  iaiasHi 
of  Nerroag  aystem  on,  54-66,  IM^  IH 
742-745;    dectrio    disturfaaae*  ia^  V, 
423. 

0. 

Oblique  Muscles  of  Eye,  function,  70t4tL 

ObserTntion,  581  ;   active  in  infancy,  tBL 

Oceanic  Race,  846-648. 

Ocular  Spectra,  688,  689. 

Odoriferous  secretion  of  Sbio.  infincM*  rf 

nerrouB  system  on,  740,  741. 
Odorous  matter  in  Blood,  186,  187. 
Odours,  nature  of,  666. 
Odylio  Movements,  rationale  of,  598,  5M 
QEeophagus,  moTemeuts   of^  in  •wnlkt^i^ 

91-93;  in  Tomiting,  111,  112. 
Old  Age,  charmcteristica  ot.  862,  863;  tm- 

perature  in,  407-409 ;  diniidalMd  pVMT 

of  generating  heat  in,  419.  420^  864  M«i 
Oleaginous  coDBtituenta  of  food,  63,  68^  M; 

digestion  of.  1 21-1 2a 
Olfaotive  Ganglia,  488,  489. 
Nerrea,  491 .  492 ;  peenlitf  dnM- 

ter  of,  665,  666;  distribution  ol^dSS^ISi 
Olivary  bodies,  456-468, 
Ompbalo-mesenterio  Tcsaela,  789,  796.  * 
Q|.hthaluiio  branch  of  Fifth  Pair,  461,111 

Ganglion,  461,  4ti2,  784-<t& 

Optic  Ganglia,  488-491. 

Nerves,  peculiar  arrangement  tt,  W, 

494;  endowmente  of.  491,  4M.  497;  C» 

tribution  of,    670.    671  ;    deficirst  tad 

bility  at  entrance  of,  67.'i,  674,  OtJO  Wl. 
Thalami,  489-491  ;  fuactioaa  ot  40^> 

409. 
Orang  Outang,  compariMiD  efL   vitk  Mu, 

83,  43. 
Orgauio  Functions,  46-48,  60-68;  Ikcir  it> 

lations  to  the  Animal.  48-60. 
Oacillations  of  sospended  bodies,  691-69S. 
Ossifioation,  completion  of,  a  toMrk  of  it> 

lescence,  859.  860, 
Oval  Skull,  828-880. 
Ovarium,  structure  of,  758,   754;    develop 

ment  of,  800,  801  ;  erotution  of  oviiaei 

within,  754,  755;  diacbarge  of  ova  frea, 

768-768. 
Overcrowding,  a  predisposing  eaaae  of  ly- 

motic  disease,  817-819,  324. 
Oviitac,  see  Graafian   Vesiel*. 
(h"um,    structure     of,    753-755;     cvoIafiM 

of,  754,  755;    maturation  and  diecham 

of,   758-762;    fertilisation    of,    768,  TM; 

first  changes  in,    764,    766;    anbaaqpiH 

ohaagefl  la,  see  DeifeitjtmmU  ttf  ~  ' 
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Ozalio  Acid,  in  urine,  894-396. 

Oxygen,  soaroes  of  demand  for,  280-282; 
quantity  of,  required,  802 ;  exchange  of 
earbonie  acid  for,  801-804;  absorption 
of,  804;  excretion  of,  810,  811,  860-862; 
respiration,  818. 


Pain    and    Pleasure,    connection    of,   irith 

Sensations,  549 ;  with  Ideas,  666,  667. 
Pmiereatie  Fluid,  composition  of,  120-124; 

uses  of,  in  digestion,  121-126 ;  amount  of 

secreted,  121-124. 
Pantheism,  644,  645. 
Papillse,   tactile,   652-664;   gnstatiTC,   660- 

668. 
Papuan  Race,  847. 
Par  Vagum,  see  Pneumogattrie  Nerve. 
Paralysed  limbs,  temperature  of,  416,  416. 
Paralysis,  Encephalic,  642 ;  Spinal,  648. 
Paraplegia,  peculiar  cases  of,  479-481. 
Parents,  influence  of,  on  progeny,  see  Qinb- 

BATiON,  Influence  of  Parents. 
Parotid  Gland,  100,  101 ;  secretion  of,  100- 

103. 
Parturition,  act  of,  778.  774 ;  regular  period 

and  causes  of,  774,  775 ;  premature,  776, 

777 ;  reUrded,  777,  778. 
Passion,  influence  of,  on  seoreUon  of  Milk, 

741-743. 
Paupers,  dietary  of,  71-78. 
Pelagian-Negro  Race,  847. 
Pelvis,  form  of.  in  different  Races,  881. 
Pepsin,  108-110. 

Perception,  nature  of,  554;  influence  of  at- 
tention on,  556,  657 ;  influence  of  habit 

on,  556,  557. 
Perceptions,   intnitiTe  and  acquired,   654- 

656 ;  false,  684,  686.  641,  642. 
Periodical  phenomena,  406,  774. 
Peristaltic  moTement  of  intestines.  97,  98; 

influence  of  mental  states  on,  738. 
Persistence  of  sensory  impressions,  gusta- 

tiTe,  664,  665;  olfactire,  667;  visual,  685, 

686 ;  auditory,  703,  704. 
Perspiration,  see  Sudoriparous  Excretion. 
Personal  Equation  of  Astronomical  observers, 

760. 
Peyerian  glandules,  structure  and  relations 

of,  152,  166. 
Phosphates,   Alkaline,   in  blood,   226;    in 

urine,  894,  897. 

Earthy,  in  urine,  894,  398. 

Phosph^nes,  investigation  of,  688,  689.    * 
Phosphorus,  elimination  of,  by  breath,  811, 

422 ;  by  nrine,  394,  422. 
Phosphorescence  of  living  body,  421,  422. 
Phrenological  doctrine,  of  Cerebellum,  617, 

621 ;  of  Cerebrum,  634,  580. 
Pitch  of  Sounds,  appreciation  of,  699. 

of  Voice,  regulation  of,  719-724. 

Placenta,  formation  of  foetal  portion  of,  767, 

768 ;  of  maternal  portion,  769-771. 
Placental  murmur,  771. 
Pneumogattrie  Nerve,   general   distribution 

and  endowments  of,  466-468 ;  its  instm- 
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mentality  in  deglutition,  91, 02 ;  in  hnnger 
and  satiety,  80  note ;  its  influence  on  se- 
cretion of  gastric  fluid,  113,  116,  739-741 ; 
on  movements  of  stomach,  96 ;  on  move- 
ments of  heart,  248 ;  its  action  as  exciter 
of  respiration,  291  ;  its  influence  on  la< 
rynx,  293,  296,  466,  468. 

Pointer  and  Setter,  peculiar  breeding  of,  779. 

Poisons,  mode  of  action  of,  280,  281 ;  their 
passage  into  the  circulation,  258-265 ; 
elimination  of,  from  blood,  280-282,  238, 
239. 

Morbid,  their  substantive  existence. 


232,  238 ;  some  generated  within  the  sys- 
tem, 286,  236 ;  symotio,  288 ;  predisposi- 
tion to  their  actirity,  233,  284;  course 
of  action  of,  236,  286 ;  alteration  of  blood 
by,  287,  288;  recovery  of  blood  from, 
238,239.  . 

Polynesian  Races,  846. 

Portal  Vein,  blood  of,  196;  comparison  of, 
with  blood  of  hepatic  vein,  198,  199;  its 
distribution  in  Liver,  868,  370. 

Pons  Varolii,  effects  of  section  of,  499. 

Potash,  its  predominance  in  red  corpuscles 
and  in  muscle,  176,  177;  effect  of,  on 
urine,  400,  401. 

Potteries  (Kensington),  mortality  at,  328, 
324. 

Pregnancy,  state  of  blood  in,  200,  201; 
signs  of,  771-773;  see  Qestation. 

Prehension  of  food,  movements  of,  86,  87. 

Preebyopia,  670,  671. 

Pressure  of  Blood,  in  heart,  266 ;  in  arte- 
ries, 263-266 ;  in  veins,  277,  288. 

Primitive  Trace,  787,  788. 

Prisons,  diet-scale  of,  71-78;  see  Gaols. 

Prognathous  Skull,  827-831. 

Projection  of  objects,  visual  appreciation  of, 
678-681. 

Prosencephalio  Vertebra,  804-806. 

Proi>encephalon,  development  of,  787,  788, 
806,  807. 

Prostate  Gland,  function  of,  749,  760. 

Protracted  Gestation,  777,  778. 

Psychology,  Science  of,  its  objects,  589, 
540. 

Psychical  action,  correlation  of  with  Physio- 
logical action,  588,  639,  642-545;  see 
Mind. 

Ptyalin,  100,  102,  108,  1(M. 

Puberty,  the  characteristic  of  Youth,  869; 
in  female,  755 ;  in  male,  761,  762 ;  dis- 
eases of,  861. 

Puerperal  Fever,  predisposing  causes  of, 
223,  224. 

Pulse,  Arterial,  262-266;  rate  of,  under 
different  conditions,  256-268 ;  proportion 
of,  to  respiratory  movements,  290,  291. 

,  Respiratory,  276,  277. 

,  Venous,  260,  261. 

Pupil,  action  of,  484,  492,  494,  670,  676 ; 
relation  of,  to  Third  Pair,  462,  notti,  468, 
464 ;  to  Sympathetic,  675. 

Purpura,  state  of  blood  in,  201,  202. 

Pus,  formation,  on  characters  of,  847,  848 ; 
inluenoe  of,  on  coagulation  of  blood,  218. 
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I'utreiceDt  Food,  injurioBS  conseqnences  of, 
74-76:  W»ter,  injurious  effects  of,  76. 

Pyrami.Jal  Skull.  828.  829. 

ryramids  of  MedulU  OblongatA,  interior, 
4&6 :  posterior,  458. 


Quadrumana,    comp&nson    of,    with    MkD, 

34-43. 
Qiiiifr^ra,  trant^miBsion  of  mnrka  o^  781,  782. 
Quickening,  act  of,  772,  773. 


Knees,  originntioQ  of  new.  832,  833. 

Jtacej  of  Mankind,  American,  836,  887; 
Arian  or  Indo-Earopean,  836-839;  Ber- 
ber, 839;  Bushman,  B44;  Caucasian,  886, 
837;  Celtic,  887-^^9;  Hindostanic,  840, 
841;  Hottentot,  844;  Kaffre,  843,  844; 
MoDgolion,  839-841  ;  MalaTo-Poljne«iaD. 
846;  Negro,  842.  843;  Oceanic.  846; 
Pelagian- Negro.  847  ;  Seriform.  840,  841 ; 
Syro-Arabian,  889. 

Rapidit^r  of  Muscular  movements,  714-716. 

Rattle-snake,  poison  of,  secretioD  after 
death,  806  note. 

Reasoning,  processes  of,  564. 

Reciprocation  of  sonorous  TibratioQS,  603; 
bj  nieiubrana  tjmpani.  696. 

RsooUeotion,  683,  684.  687,  588. 

Red  Corpuscles,  see  Itlood. 

Reeds,  ribrating,  laws  of,  772. 

Reflection,  mental  process  of,  581. 

R^fUr  Acdoni,  general  nature  of,  61,  482; 
of  Spinal  Cord,  477,  486  (see  Ezeilo-Motor 
Actions};  of  Sensory  Ganglia,  502-505 
(seft  Sentori-Mnlor  Actions) ;  of  Cerebrum, 
642.  648,  689  (see  [tieo-Motor  Actions, 
Automatic  Mental  Actions,  ka.). 

Rvfniotion,  laws  of,  667,  668. 

Regeneration  of  tissues,  882-335. 

Regimen,  see  Diet,  Food. 

Relations,  near,  tendency  of  their  marriage 
to  produce  imperfect  progeny,  780. 

Relief,  of  surfaces,  visual  appreciation  of, 
678-d81 ;  conversion  of,  684,  686. 

Religious  Intuirions,  558. 

Reparation  of  VDJuries,  343 ;  completeness 
of.  in  lower  animals,  843 ;  limitations  of, 
in  higher,  843,  844 ;  most  energetic  and 
complete  in  earliest  periods  of  life,  844; 
not  dependent  on  inflammation,  844 ;  by 
immediate  union,  344  ;  by  adhesion,  845 ; 
by  modelling  process,  845-347 ;  by  sup- 
puratJTe  granulation,  847,  848 ;  by  secon- 
dary adhesion,  348. 

Reproduction  of  limbs,  in  foetiu,  843,  344; 
of  lower  jaw,  843,  844. 

Resonance  of  sounds,  693. 

UKsriOATiON,  general  nature  of  the  func- 
tion, 64,  65 ;  sources  of  demand  for, 
280,  282;  essential  prorisions  for.  280; 
apparatus  of,  282-288  (B«e  Lungt). 
Movement*  of,  288,  289;  muscular  force 
xequvrod  (or,  Ti^^  2*ifi\  rtXit  %vA  esftnt 


of.  290,  291 ;  maintenance  of,  by  i 
system.    291-297;    excitor   nerru  of, 
292,  293:  motor  nerres  of.   292,  293; 
partial  volitional  control  over,  2QS,  'JM; 
modiAcations  of,  295.  296. 
Effects  of,  on  Air,  298-818;  amouDt  of 
air  consumed.  298-301 ;   changes  in  iti 
proportions  of  oxygen  and  cvbonic  acid, 
298-304  ;  quantity  of  carbonic  acid  im- 
parted to,  304—310;    obaages  in  pn>- 
portion  of  nitrogen.  310;  watery  vapour 
imparled  to,  310-312 ;  abaorption  from. 
312,  813. 
Effects   of,    on   Bloody   1 98-196;    on  iu 
general  compoaitian,  193;  on  its  free 
gases,  193;  on  its  fibrin,  193;  on  its 
corpuscles,  194;  on  its  coloon  196. 
Consequences  of  Sutpentitm  of,  814-816. 
Effects  of  Dffidency  of,  816,  817;  predis- 
position to  xymolic  dlwase,  317,824; 
predisposition   to  spasmodic   diseases, 
324-826 ;  excess  of  mortality  attribut- 
able to,  826.  827. 
Respiration  of  hydrogen,  809,  813;  of  nitro- 
gen, 310.  313;  of  oxygen.  812.  818. 

artificial,  partial  suatenanee  ot 

beat  by.  416.  416. 
Respiratory  Pulse,  276,  277. 
Restiform  bodies,  466,  468. 
Rttina,  structure  of.  671,  674;  most  sesci- 
tive  point  of,  673;  least  sensitive  point 
of,  673,  688;  persistence  of  impresnioo* 
on,  C8.*),  086 ;  irradiation  of  impressioos 
on,  687;  spectra  produced  by  fiiMtnrs 
on,   688,  689;    cirY:ulation   in.  '      ' 

visible,  689  ;  development  of,  808. 
Reverie,  state  of,  601. 
Rhinencepfaalio  Vertebra,  804,  806. 
Rhinencephalon.  development  at,  806.  807. 
Rhythmical  movements  of  heart.  241 ;  see 

Utart. 
Right,  sense  of,  657 ;  notion  of,  662-<666. 
Hudimental  parts,  uses  o(^  227. 
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Saccharine  constituents  of  food,  63,  64, 
68,  71  :  digestion  of.  116,  117. 

matter  in  blood,  190,  197,  IStt 

St.  Kilda,  mortality  at,  824,  326. 

St  Martin,  case  of,  94,  108-113. 

Saliva,  composition  of,  100.  102;  different 
kinds  of.  102,  103;  uses  of,  108,  104; 
influence  of  nervous  system  on,  739,  740; 
quantity  secreted  daily,  103. 

Salivary  Glands,  100,  101. 

Salts,  Neutral,  influence  of,  on  change  of 
colour  of  blood,  195;  in  retArdiug  ooagu* 
lation  of  blood.  200,  211. 

of  Blood,  normal  proportion  of,  186, 

188,  199;  vanatians  of,  in  disesM.  204, 
206 :  uses  of,  225. 

of  Urine,  393,  897. 

San^uifieation,  process  of,  160-168;  Atut 
of  Liver  in,  150,  151  ;  of  Absorbent  Sys- 
tem. 152-159;  Ductleee  Glands,  15&-1&8. 

Sanskrilic  languages,  887,  841. 
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Satiety,  sense  of,  71,  81  note. 

Scab,  formation  of,  845 ;  artificial,  847. 

Scurry,  caiues  of,  69,  70 ;  state  of  blood  in, 
201,  208 ;  at  Milbank,  85. 

Secondarily-Aatomatio  actions,  485,  486, 
504,  506. 

Secondarily-IntnitiTe  perceptions,  556. 

SsoRBTiOH,  general  nature  of,  54-56,  857 ; 
its  relation  to  Excretion,  358,  859 ;  in- 
fluence of  nerrous  system  on,  789-748, 
744;  continuance  of,  after  death,  866; 
metastasis  of,  868,  865 ;  electric  disturb- 
ance in,  422,  423 ;  see  Bik,  Oatlrie  Juice, 
Milk,  Fanertalie  Fluid,  SaUva,  Urine, 
&c 

Secunderabad,  mortality  of  troops  at,  824. 

Segmentation  of  vitellus,  785,  786. 

Self-control,  see  Volition. ' 

Semicircular  Canals,  698,  699;  functions 
of,  698,  699;  effects  of  section  of,  497, 
498. 

Seminal  fluid,  characters  of,  749,  760. 

Semitic  Race,  839-848. 

Sensation,  its  seat  in  the  Sensorium,  495, 
496;  general,  649,  650;  special,  650; 
dependence  of,  on  capillary  circulation, 
650 ;  various  kinds  of,  650,  651 ;  excite- 
ment of,  by  electricity,  652 ;  by  mecha- 
nical impressions,  652. 

Sensaliont,  origin  of  all  mental  activity  in, 
545,  546 ;  their  seat  in  Sensory  Ganglia, 
495,  496 ;  registration  of,  645,  546 ;  in- 
flnence  of  Attention  on,  546-548;  in- 
fluence of  Habit  on,  548,  549 ;  subjective 
origin  of,  549-553;  feelings  of  pain  and 
pleasure  connected  with,  649 ;  other  feel- 
ings associated  with,  558,  564. 

Sensibility,  general,  relative  degrees  of,  in 
difierent  parts  of  body,  649-652. 

,  tactile,  relative,  of  different  parts 

of  skin,  664. 

Seneori-motor  Aetiona,  61 :  their  corres- 
pondence with  the  Instinctive  of  lower 
animals,  61,  483,  484,  their  independ- 
ence of  the  Cerebrum,  602,  503;  their 
establishment  by  habit,  504,  506;  their 
predominance  in  states  of  suspended 
Cerebral  activity,  635-640. 

Sensorium,  its  special  seat  in  the  Sensory 
Ganglia,  495,  496,  535,  586. 

Sensory  Qanglia,  general  structure  and  re- 
lations of,  487,  488-491;  their  nerves,' 
491-496;  their  relative  predominance  in 
lower  animals,  483-438;  the  probable 
seat  of  Sensation  for  external  impres- 
sions, 495,  496  (see  Sensations) ;  also  for 
Cerebral  changes,  535,  636;  reflex  func- 
tions of,  502,  503  (see  Sensori-motor 
Actions)  ;  their  participation  ii^  voluntary 
actions,  506-511;  independent  activity 
of,  635,  646;  pathological  relations  of, 
646-648. 

Sensory  Nerves,  laws  of  transmission 
through,  443,  444;  see  Afferent  Nerve- 
fibres. 

Sensory  Tract  of  Medulla  Oblongata,  458- 
461. 


Seriform  Race,  840,  841. 

Serous  layer  of  Germinal  membrane,  786, 
787. 

Serous  effusions  of  Inflammation,  852,  868. 

Serum,  172,  173,  208;  proportion  of,  to 
crassamentum,  213 ;  transudation  o^  862, 
353. 

Setter  and  Pointer,  peculiar  breeding  of, 
779,  780. 

Seventh  Pair  of  Nerves,  464,  466. 

Sexes,  proportional  number  of,  808;  dif- 
ferences in  general  development  of,  810, 
811 ;  in  viability,  808;  in  composition  of 
blood,  189,  190;  in  pulse,  255-268;  in 
respiration,  804,  806;  in  psychical  cha- 
racter, 813. 

Sexual  sensation,  probable  seat  of,  620- 
622. 

Shock,  effect  of,  on  heart,  242,  248;  on 
capillary  circulation,  276. 

Sighing,  act  of,  296. 

Similarity,  law  of,  676,  677. 

Single  Vision,  conditions  of,  677,  678,  712- 
714. 

Six-fingered  families,  882,  888. 

Sixth  Pair  of  Nerves,  468,  464. 

Sixe,  visual  appreciation  of,  682,  68o.  tS4. 

Sheep,  new  breeds  of,  832,  833. 

Skeleton,  development  of,  803-806. 

Skin,  Colour  of,  its  variation  in  Man,  826, 
826. 

,  Respiration  by,  807-809 ;   414,  416 ; 

transpiration  flrom,  401-406. 

Skull,  forms  of  in  different  Races,  827-881 ; 
prognathous,  827,  828;  pyramidal,  828, 
829;  oval.  829,  880. 

Sleep,  definition  of,  609,  610 ;  necessity  for, 
611;  periodicity  of,  610,  611;  predis* 
posing  influences  to,  611;  means  of  in- 
ducing, 611 ;  access  of,  612,  intermediate 
states  between  sleeping  and  waking,  612, 
613;  influence  of  expectation  and  habit 
in  inducing,  618 ;  influence  of  impressions 
on  the  mind  of  the  sleeper,  618-622; 
amount  of,  required  by  man,  616 ;  cases 
of  absence  and  deficiency  of,  616;  undue 
protraction  of,  616. 

Smell,  ganglia  of,  489;  nerves  of,  481, 
482 ;  their  distribution,  666,  666 ;  Sense 
of,  665 ;  conditions  of,  667 ;  uses  of, 
665-667;  improvement  of,  667;  modifi- 
cation of,  by  habit,  667 ;  duration  of  im- 
pressions on,  667,  581,  682;  its  partici- 
pation in  Taste,  668,  664 ;  exaltation  of, 
in  Somnambulism,  619,  620. 

Sneexing,  act  of,  296. 

Sobbing,  act  of,  296. 

Solar  plexus  of  Sympathetic,  789,  740. 

Solidity,  perception  of,  678-681. 

Somatic  Death,  864-868. 

Somnambulism,  relations  of  to  sleep  ana 
reverie,  618,  627 ;  suspension  of  volitional 
control  in,  618;  phenomena  of,  61 S- 
620 ;  mesmeric,  620-622. 

Sounds,  propagation  of,  693,  694;  direction 
of,  698,  704;  distance,  704,  705:  pitch 
ot  699. 
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Sonods  of  Heart,  251'-2&(t. 

Spasmodio  Disorders,  affection  of  Spinal 
Cord  in,  647,  648. 

Specific  identity  or  diversity  of  Hnman 
Rscfs,  question  of,  824.  836. 

Spectral  illusioiifl,  641,  642. 

Spermfttoioo,  nature  and  evolntion  of.  7f>0, 
7ol  ;  eitnential  importjince  of,  in  fecun- 
dation. 761,  762,  7»J3.  764. 

Spheno-pniatine   ganglion   of  SytnpatLetic, 

7ar>.  786. 

Spberical  Aberration,  C68. 

Sphincters,   action   of,   99,   100,  482,  483, 

487,  488. 
Spinnl-AcoeflBory    Nerre,   distribution    and 

functions  of,  468,  469. 
SpinaJ   Cord,    Structure   of,   448-455 ;    ex- 
ternal conformation  of,  448-450 ;  Tesi- 
cular  Bobstance  of.  448-461 ;    fibrous 
(■trands    of,    448-451  ;    connection    of, 
with  nerve  rooU,  461-466. 
Functions   of,   472-4vS8;    its    conducting 
power,  473-477;    relative  endowments 
of  its  anterior  and  posterior  columns. 
473-477 ;    its    proper    reflex    actions, 
477-482  ;  their  relation  to  the  Organic 
functions,    482,   483 ;    their   protective 
character.  48;J--4H5  ;  their  subservience 
to   locomotion,  485-487 ;   its  influence 
on  Muscular  tension,  487,  488. 
Abnormal   aciiotis   of,  644-648 ;    general 
suspension  of  power  of.  644 ;  excessive 
excitobility   of,   in    Tetanus,    646 ;    in 
Hydrophobia,    646;   in   Hysteria,  C46, 
646;    partial   excitability  of,  in   i^]itis~ 
modic  diseases,  647,  648 :  partial  loss 
of  power  of,  in  Paralysis,  648. 
Spinal    Nerves,    4G1 ;    double   function    of 
their  roots,  442,  448,447;  their  connec- 
tion with  the  Spinal  Cord,  451—464. 
Spiritualist  bypntUesis,  447-462, 
Spitalfields  Workhouse,  fever,  &c.,  at,  823. 
Spleen,    structure    of,    169-161 ;    develop- 
ment of,  IHl,  162;  functions  of,  16&-168; 
blood  of,  197,  IftS. 
Splenic  Blood,  197.  198. 
Stammering,  uature  of,  731 ;  treatment  of, 

732. 
StapedioB,  functions  of,  605,  696. 
Starch,  a  constituent   of  food,  63,  BH,  71 ; 
its  trnnsfornifition  by  saliva,  103,  104;  by 
intestinal  iluid,  127,  128. 
Starvation,  effects  of,  83-86;  death  by,  8», 
867 ;   Cliossat's  experiments  on,  82,  83, 
413,  414. 
Stereoscope,  679-685. 

Slimiarfi,  movements  of,  94,  95;  action  of, 
in  vomiliug,  96,  97 ;   influeuce  of  pnea- 
tnogHt<trio  oil,  96,  96 ;  secreting  follicles 
of.  lU^lOS;  villi  of,  108;  secretion  of. 
110-115:    digestion  in,  1I&-120;   effects 
of  blows  oD,  244. 
Strabismus,  pathology  of,  712-714. 
Strangury,  017,  648. 
Strength,  feats  of,  714,  715. 
String,  vibrating,  laws  of,  721,  722. 
Strychnia,  artificial  tetanus  of,  644,  645. 


SuMectlve  SensatioBS,  M4-5&0;  origin  of, 
660-563. 

Sublingoal  Gland,  10O:  sceretioa  of,  102, 
10.^ 

Submaxillary  Ganglion  of  Sympsthotiet 
736. 

Submaxillary  Gland,  100-102  not*;  secre- 
tion of,  U>0-103. 

SuccuB  Entericus.  127 ;  its  as«  in  digestion. 
127,  128. 

Suction,  act  of,  86,  87. 

Sufioriparovt  Excretion,  compOAition  of, 
401-403:  quantity  of,  403,  404;  vica- 
rious with  urinary,  404 ;  consequences  of 
suppression  of,  406;  frigorifying  effect 
of,  379-381. 

Sudoriparons  Glandolse,  401,  402. 

Sugar,  formation  of,  in  liver,  160,  199; 
872-374,  881 ;  passa^  of,  into  urine, 
160,  899  noie. 

Suggestion,  influence  of.  in  determining 
succession  of  thought,  575,  583. 

Sulphstes,  Alkaline,  in  urine.  394-396. 

Sulphur  of  Bile,  its  elimination  by  imtm, 
ISl,  360l^62. 

,  in  extractive  of  Uiine,  398,  394. 

Superfcetation,  778,  779. 

Slip  era  umerary  Parts,  ZAQ. 

Suppuration  of  wounds,  347,  848. 

Supra-Kenal  bodies,  structure  of,  162,  1C8; 
development  of,  163;  function  of,  165, 
166. 

Surgical  Fever,  predisposing  causes  of,  233, 
234. 

Symmetrical  diseases,  22C,  227. 

Symjhtthftif  Sfjitrm,  see  Nuttvoua  Ststkx. 

Syncope,  640,  641 ;  deuih  by,  866,  867. 

Syro- Arabian  Race,  839,  840. 

Swallowing,  act  of,  90-93. 

T. 

Table-Talking,  695,  596, 

Table- Turning,  694,  695. 

Tactile  Corpuscles,  662-C54. 

Taniuliao  Uinguage,  840.  841. 

Ta*le,  ganglion  of.  488.  489;  nerres  of,  | 
466,  466;  Sense  of,  658.  059:  pocaliar ' 
objects  of,  668,  669:  special  conditional 
of,  669;  seat  of,  600-66.1;  pApilliv  of,| 
660-668;  raryingacutencss  of.  663  :  p«r-j 
tieipation  of  smell  in,  663,  664 ;  ufe*  of, 
664;  improvement  of.  by  liabit,  M4: 
cnaos  of  loss  of,  664  ttot*. 

Taunton,  Cholera  at,  317,  318.  , 

Tea,  influence  of,  on  urine,  899,  40O.  ' 

Teeth,  deciduous,  exuviation  of,  337;  de- 
velopment of,  853-866;  periiiaiivtii,  dew 
velopmeni  of  855-858. 

Temperature,  external,  influence  of,  on  tem- 
perature of  body,  406—109  ;  extrctufs  of, 
endured  by  Man,  410-412. 

Sense  of,  655,  650 

Tenesmus,  647,  648. 

Tension  of  Masrles,  influence  of  Spinal 
Cord  on,  487.  488. 

Tensor  tympani,  functions  of,  685,  606. 
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fbstoi,  Btrneton  of,  7i8,  749;  development 
of.  800,  801. 

Tetanoa,  pathology  of.  644,  645. 

Tbalami  Optici,  489,  490 ;  their  relation  to 
Cerebrum,  490,  525;  their  fimotiona, 
498,  499. 

Theiiie,  effect  of,  on  arine,  899,  400. 

Tliird  Pnir  of  Nerres,  468,  464. 

Thirst,  indicates  neeessity  for  liquid,  62; 
immediate  source  of  sense  of,  80,  81. 

Thymus  Oland,  structure  and  development 
of,  163-165;  function  of,  166,  166. 

Thyroid  Gland,  structure  of,  165 ;  function 
of,  165,  166. 

Tongue,  papilln  of,  660-668;  sensory 
nenres  of,  464-466;  motor  nerres  of, 
469.  470. 

Tongues,  vibrating,  laws  of,  722,  728. 

Tonicity  of  Arteries,  278,  279;  of  veins, 
277,  278. 

Touch,  ganglia  of,  489,  490;  nerves  of,  495; 
Sense  of,  650-655 ;  papillte  of,  652-654 ; 
varying  acuteness  of,  654;  knowledge 
acquired  by,  655-658;  improvement  of, 
by  practice  and  attention,  657, 658 ;  com- 
bination of,  With  visual  sense,  676. 

Toxio  Diseases,  general  pathology  and  the- 
rapeutics, of,  232-239. 

Trainers,  diet  of,  78-76. 

Trance,  cases  of,  868,  869. 

Tricuspid  valve,  imperfect  closure  of,  250, 
251. 

Trigeminus,  see  Fifth  Pair. 

Trismus  Noscentium,  mortality  from,  324- 
326. 

Truth,  notion  of,  562.  563. 

Tuber  Annulare,  effects  of  section  of,  500- 
502  :  effects  of  electric  current  on,  499. 

Tubercle,  nature  of,  355,  856. 

Tubercula  Quadrigemina.  488,  489,  497. 

Tubercular  Diathesis,  855,  356  ;  manifesta- 
tion of,  at  different  ages,  860,  861. 

Tumours,  their  relation  to  hypertrophies, 
839-341 ;  malignant,  356,  357. 

Turkish  Race,  840,' 841. 

Tympanic  apparatus,  structure  and  uses  of, 
694-696. 

Typhoid  fever,  alterations  of  blood  in,  201, 
202. 

U. 

Umbilical  Cord,  structure  of,  791,  79... 

Vesicle,  788-791. 

Vessels.  791-795. 

Unconscious  Cerebration,  587-590. 

Urachus,  790,  791. 

Urmmia,  pathology  of,  388,  389. 

Urea,  its  ordinary  proportion  in  urine, 
389-392 ;  souroes  of.  384-393 ;  variations 
of.  389-392.  897,  898.  400,  401  ;  conse- 
quences of  its  non-elimination,  888,  889 ; 
its  presence  in  sweat,  402-404. 

Uric  Acid,  its  ordinary  proportion  in  nrine, 
889-392 ;  its  sources,  384-893 ;  variations 
in  its  amount,  892,  393,  397,  898 ;  sedi- 
Bents  prodaoed  by,  898. 


Urination,  act  of,  99,  482,  488. 

Urine,  secretion  of,  885,  886 ;  ezcrementi- 
tions  character  of,  859-364,  878,  888, 
897-890;  physical  properties  of,  889, 890; 
quantity  of,  889,  890 ;  specific  gravity  of, 
889,  890 ;  composition  of,  889, 890 ;  differ- 
ences of,  with  age,  391,  392 :  influence  of 
diet  on,  397-4(M);  influence  of  diuretio 
medicines  on,  400,  401 ;  Organic  compo- 
nents of,  889-894  (see  Urea,  Urio  Acid, 
&c.);  acidity  of,  897-412;  alkalinity  of, 
896,  397 ;  Inorganic  components  of,  394, 
897;  sugar  in,  899;  lactic  acid  in,  308, 
899 ;  vicarious  secretion  of,  868-365;  in- 
continence of,  647,  648. 

Uro-genital  sinus,  798, 802. 

Uterine  Olandulse,  800,  801. 

UUrut,  inherent  motility  of,  246,  246 ;  in>  < 
crease  of,  during  pregnancy,  772,  778 ; 
action  of.  in  parturition,  778,  774;  sub- 
sequent degeneration  of,  835,  336,  774 ; 
embryonic  development  of,  800,  801 ;  ru- 
dimentary, of  male,  801,  802. 

V. 

Valves  of  Heart,  249,  250;  difference  of 
mitral  and  tricuspid,  250,  251 ;  Bounds 
produced  by  tension  of,  252,  258. 

Vapour,  aqueous,  absorption  of,  148,  812; 
exhalation  of,  810-812. 

Variation,  tendency  to,  831,  882. 

Varietiei  of  Man,  their  essential  eonformity 
in  structure,  824-833;  in  physiological 
characters,  883,  884 ;  in  psychical  endow- 
ments, 835 ;  in  languages,  886 ;  see^oee*. 

Vasa  lutea,  789  nou. 

Vascular  Area,  788,  789. 

Lamina  of  Germinal  membrane, 

787,  788. 

Vegetables,  flresh,  an  essential  article  of 
diet,  69,  70. 

Vegeti^rianism,  67,  68. 

Veiiu,  structure  of,  275,  276;  movement  of 
blood  in,  27&-278:  causes  of  motion  of 
blood  in,  276,  277;  congestion  in,  277, 
278. 

Venous  Blood,  differential  characters  of, 
193-196. 

Vertebra,  typical,  803,  804. 

Vertebree,  cranial,  804-806. 

Vertebral  Column,  first  indications  of,  786- 
188;  subsequent  development  of,  803, 804. 

Vertigo,  642. 

Vesicula  Prostatica,  its  real  import,  800, 
892  note. 

Vesiculte  Seminales,  function  of,  749,  750. 

Vesicular  nerve-substance,  843-845. 

Vestibule  of  Ear,  698,  699. 

Viability,  early,  of  foetus,  776,777;  relative, 
of  two  Sexes,  811,  812. 

Villi,  intestinal,  structure  of,  188-189;  of 
stomach,  104-108. 

Vition,  ganglia  of,  488, 489;  nerves  of,  491- 
494;  Sense  of,  667-670;  objects  of,  674, 
675 ;  optical  conditions  of,  667-670 ;  de- 
fects in,  670,  671 ;  nerrons  apparatu  oC 


670-675 ;  limita  of.  675 ;  qm  of,  In  com- 
binntion  with  touch,  676 ;  er«ct,  oause  of, 
677:   Binul",  ronditiona  of,  677,  712-714; 

«y,T -V  -   ..•~..r,.i   forma  by,  07&-681 ; 

of  of  siie,  082-684 ; 

err  -4,G86;  persieteoce 

of  impresairinn,  6HiJ,  686 ;  oomplemetitary 
ouloiini,  086,  687 ;  want  of  power  to  dis- 
tiogniah  oolours,  687,  688 ;  irradiatioD  of 
laprassions,  688;  Tanishlng  of  images, 
688,  689 ;  subjeotive  pheoomena  of,  688, 
689 ;  repreaentation  of  retina  itself,  689  ; 
improrement  of,  \>j  attention,  690;  Im- 
portance ot,  in  guiding  movement,  607, 
608. 
ritelline  Duct,  789-791. 

Vewels,  789, 

Vitellaa,  753,  754  ;  its  segmentation,  786. 
Voice,  ordinary,  mode  of  production,  721- 

723 ;  falsetto,  726,  726. 
Voiition,  universal  oonaoionsnees  of  ita  na- 
ture and  exercise,  643,  544;  limitationa 
to  its  action,  673,  585,  58G,  587 ;  its  in- 
fluence on  Muscular  movement,  597-599 ; 
aff^ections  of,  by  Emotions,  570-572 ;  ita 
influence  in  directing  current  of  Thought, 
673,  574,  584,  585,  599,  600;  fixation  of 
Attention  by,  599,  600;  effects  of  ita  sus- 
pension, 600,  601 ;  in  states  of  Keverie, 
Abstraction,  and  £lectrO'Biology,601 -('(04; 
in  states  of  Dreaming  and  Somnambulism, 
616-620;  relation  of,  to  externa)  impres- 
aions,  608-605 ;  to  Habits  of  thought,  604, 
606,  607 ;  to  motives,  606,  607 ;  gradual 
acquirement  of  power  of,  608;  highest 
and  lowest  uses  of,  608,  609;  deficiency 
of,  in  Abnormal  mental  states,  625,  026. 
VoUlional  Actions,  597,  598;  their  source  in 
the  Cerebrum.  535,  536  ;  distinctness  of 
their  origin  from  Emotional,  568,*  660; 
affeotion  of,  by  Emotions,  672 ;  power  of, 
dependent  on  concentration  of  purpose, 
697,  698, 
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VotiMtary  Movememta,  their  depeBdM((« 
guiding  peoaationa,  505-608;  pwftiaii 
by  instromentality  of  8ciueri-)lol«r  i^ 
paratoa,  508-611,  707,  708;  notintks- 
aelves  distinguishable  from  involaatsiy 
movements,  707;  but  result  from  u  im- 
pulse originatiog  in  Cerebrum,  535,  JH 

Vomiting,  act  of,  §6,  97. 

Vowel  Booiidfl,  727-729. 

W. 

Wandsworth,  Cholera  »t,  819.  820, 

Water,  the  nataral  drink  of  Man,  78,  77; 
effects  of  impurity  of,  76,  77 ;  Bonaal  pr^ 
portion  of,  in  Blood.  185,  186,  199;  alter- 
ations in,  1 90-205 ;  tranaodatioa  o(  bj 
Kidney,  886,  386. 

Water-dressing  of  wounds,  S46,  347. 

White  Corpuscles,  see  JtUfod,  Colourltaa C«t- 
puscle^. 

Will,  tee  VoUUon. 


Yawning,  act  of,  295 ;  oonsen«DaI  i 

of,  295. 
Yellow  Spot  of  Retina,  C78.  674. 
Youth,  characteristics  of,  859,  860. 
Yellow- Fever,  elevation  of  teroperalurealtMi 

death  from,  409,  410:   coniiouaoc*  ofek-j 

pillary  circulation.   270,   271 ;  inmosity 

of  Negroes  from,  834  noU. 


Zona  pellnoida,  764,  755. 

Zymotic  poisons,  233,  234  ;  predii^ 

their  activity  from  state  of  bUiod,"^235.2K; 
from  putrescent  food,  74-76;  from 
trescent  water,  76.  77 ;  from  atooholic 
liquors,  78-80 ;  from  starvation.  88,  S4; 
from  deficiency  of  respiration,  317-Sti 
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Churchiir,*  Midw^lery, "          '.) 

Duk-otiV  Elemeoist of  Medicine, "        )<J 

Dtijill'«»  Snrgtsrj', "10 

Daliun'is  Humaii  Physiology,  3<l  editioo, "II 

Duii^lison't^  Medtcal  Uicijuitary "12 

lirjch>eiiV  !5ytJera  of  iiurgery,          .........  "14 

Flint  on  ihe  Hearl, , "14 

Fowues' Manual  of  Cbemistry "15 

Gross's  Sysiem  of  Sui^cry "        ItJb 

Gray'*  Annto«ny,  Descriptive  and  Surgienl, "17 

Humilt'.ni  un  Fiailurenond  L)i*locutio«i», "18 

Ilud^e  un  Di^ettses  of  Women,         ,,.,..,..  "19 

LyuH'*  on  Fevor, "21 

Meig!^  on  Di«eases  of  Women,           .........  "til 

Parrii'h'i'  PracJieal  Pharmacy, "        '25 

iJlatJe  on  Dtplilberia, "26 

Slille'ii  Therapeutic!*  and  MaleHa  Medics, "27 

SiinpiMin  on  Dl^eases  of  Woineu, "27 

Tiiynbee  on  the  Ear, "29 

Wiii!«uft*i*  Praciicc  of  Physic, "30 

Wal.'he  on  the  Lungs,        .         .         .         ,         , "JO 

Win- low  on  13ru)u  and  Mind',    ..........  "32 

Wi-»t  on  Diseases  ol  Children,           .,...,,,,  "32 

West  ua  Diseases  of  Women,  ....,,,,,,  "3^ 

TWO  MEDICAL  PERlODJCALSrFBEE  OF  POSTAGE, 

CautBtnlng  over  Fifteen  Hundred  large  octAvo  |>*8ea> 

FOK  FIVE  l»OLL.AU$   1>1:K  AI\i\lJilI. 

THE  AMERICAN  JOURNAL  OF  THE  MEDICAL  SCIENCES,  subject 

tu  puatage,  when  not  paid  for  in  advance,    •        -        -        -        -        •        -fSM 

THE  MEDICAL  NEWS  AND  LIBRARY,  invanably  in  advance,      -        -      1  uO 
^H      or,  BOTH  PERIODICALS  DTiiilcd,  rR£K  or  PosTAci,  to  any  poat-office  in  the 
^B     United  States,  fur  Five  Dullars  retuitted  in  udvnace. 

THE  AMERICAN  J0URNAl1)F  THE  MEDICAL  SCIENCES, 
Edited  by  ISAAC  HAYS,  M.  D., 

i»  gobliahed Quarterly,  on  the  fir^t  ot  Jaauarv.  April,  July,  and  October.    Each  number  «ootBin^ 
litiRdred  uid  eighty  Isrge^^^^^^^  tuudBOtnety  aod  appropriately  illiuL 


m 
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wherever  ne(>t»iti>ary.    It  lu«  now  been  is»u««d  T«giilariy  for  nemrly  fortt  yenrs,  and  it  kM 
uuder  ihe  conlrol  of  the  pri'JKfni  editor  lor  more  ihnn  ■  quarter  o(  a  ••♦^ntury.     Throojfhtw 
loni?  nerio<l,  it  hns  maintQineil  it*  pojiilion  in  the  highest  rank  ol  me<l!pal  penoHiral*  both  all 
and  abroad,  and  ha*  received  the  cordial  *upp«rt  ol  ilie  entire  prole*JMon  in  this  country,     li^  11 
Collubortitors  will  )>e  found  lu  eontain  a  large  niimher  of  the  raoxt  diHtiiignobed  namea  uf  liMS  fro- 
fcMton  ia  every  section  o(  the  United  istalet!.,  rendering  the  department  devoted  to 

ORIGINAL    COMMUNICATIONS 

lull  of  varied  and  important  mutter,  of  ^real  intereM  to  all  practitioners. 

A»  the  aini  ot  the  Jiiurnal,  however,  18  to  combine  the  advantaxei*  pre^Msnted  by  alt    the  diliereat 
varieties  of  periodiculB,  in  il8 

REVIEW    DEPARTMENT 
will  be  foond  extended  and  impartial  reviews  of  all  iinportuul  new  worka,  preaenling  aubgc 
novelty  and  intereitl,  together  with  very  numerous 

BIBLIOGRAPHICAL    NOTICHa. 

including  nearly  all  the  medical  publiontionii  of  the  day,  both  in  ibi*  country  and  Great  Britain,  will 
a  choice  ttelection  oi'ihe  more  impt^irtnnt  coniineiiial  wnrlCH.     Thi»  i»  followed  by  the 

QUARTERLY  SUMMARY, 

being  a  very  full  and  complete  ab.-lnict,  methodically  arranged,  of  Ihe 

lMFROVEn£NTS  AND  DISCOVERIES  IK  THE  HEDICAl  8CIBIICB8. 

Thia  department  of  the  Journal,  fo  inip<.>rtant  to  the  practiising  pbyf'ieian,  ia  the  object  of  i 
eare  on  the  part  of  the  editor.     It  is  cltt*Mtied  and  arranged  nnder  different  head*,  ttiM«  faoilj 
the  re»eBr<.'l>er  of  the  reader  in  ptirhuil  ol  partK-ular  t>ubjer:t»,  and  vrill  be  found  to  present  i 
full  and  accurate  dieevt  of  all  obs^rvatioiip,  ^}l^c^>verle»,  and  iuventioti»  recv>rdc«l  lu  every  braniL  .„ 
medical  ^eien<,-e■     The  very  exienfive  arrongementfr  of  the  ptibh»ber»  are  »uch  as  to  ajord  lotlie 
editor  complete  materials  tor  ihi*  purpose,  a*  he  not  only  regularly  receives 

ALL  THE  AMERICAN  MEDICAL  AND  SCIENTIFIC  PERIODICALS, 

bnl  al!>o  twenty  or  thirty  of  the  more  important  Journal*  tallied  in  Great  Britain  u     '         '     r<:«tt> 
nenl,  thu§  eiiobling  hint  to  present  in  a  convenient  cumpaM  a  thorough  and  coti  etuT 

everytiiing  inlere!<ling or  iniportHnt  to  the  phVMCiiUi  occurring  in  any  purl  ol  the  cr  :d. 

To  their  old  »ubi*criber»',  uiany  of  whojn  Lave  been  on  their  liM  for  twenty  or  tairiy  jetif>.  the 

Subli*her*  feel  that  no  promises  lor  the  future  are  nece»*ary;  but  tbo^e  who  may  deMre  for  the 
r#(  time  to  »ubf>eribe,  can  rei«t  assured  that  no  exertion  will  be  j^pared  to  mainloiii  the  Journal  in 
the  high  position  which  tt  has  occupied  for  »o  long  a  period. 


[ 


By  reference  to  the  terms  it  will  be  i<een  that,  in  addition  to  thin  large  amount  of  valuable  and 
practical  infonnaiion  on  every  branch  of  medical  science,  the  subscriber,  by  paying  in  advanix;, 
becomes  entitled,  without  further  charge,  to 

THE  MEDICAL  NEWS  AND  LIBRARY. 

a  monlMy  periotJical  of  thirty-two  large  octavo  pages.    Its  "News  Dkpaetmknt"  pre^ent^lbe 
curlent  information  of  the  dny,  while  the  "LinitARy  Ugpaktmsnt"  is  devoted  to  pre»euiing  9lau<!* 
ard  works  on  various  brunches  of  medicine.     Within  a  few  years,  subscribers  have  ihu»  reoeive('|  < 
without  expense,  many  worka  of  the  highest  character  and  practical  vtiliie,  such  as  "  VV'aiMin's  j 
Practice,"  "Todd  and  UowmanV  Physiology,"  "  MnlguigneN  Surgery,"  "West  on  Cbildnoi," 
"  We»l  on  Females,  Part  l,"  '•ilttber^^Jo^l  on  the  Aliincntary  Canal,"  ice. 

Wlitle  in  the  number  for  January,  ISoO,  im  couunenced  a  new  and  highly  imporlaul  work, 

CLINICAL   LECTURES  ON  THE    DISEASES  OF   WOMEN. 

Bt  pKorKssoR  J.  T.  SIMPSON,  of  EJiuburgh. 

WITH   NUMEUOUS    HANDSOME    ILLUSTRATIONS. 
These  Lectures,  publirihed  in  England  under  the  supervision  of  the  Author,  carry  with  them  all 
Ibe  weight  of  his  wide  experience  and  disiingnivhed  reputation.    Their  eminently  prac)i<-  ii  M>.ii.r.., 
and  the  unporlance  of  Ibe  subject  ireaicJ,  cannot  fail  to  render  Iheni  in  the  highest  dL 
factory  to  subi^cnbers,  who  can  thus  secure  them  without  cost.     These  Lectures  ar- 
in  the  '*  New*"  for  ISOI. 


It  will  thus  be  seen  Ihnt  for  the  small  sum  of  FIVE  DOLLARS,  paid  in  Bdviuic«,  Ihe  sutbvorlbe' 
will  obtain  a  Quarterly  and  a  Monthly  periixlicnl, 

EMBRACING  NEARLY  SrXTEEN  HUNDRED  LARGE  OCTAVO  PASES. 

reailed  to  any  poitt-ullioe  iu  the  United  Stater,  tree  of  postage. 

TJiose  subscriber^  wiio  do  not  pay  in  advance  wiU  bear  in  mind  that  their  siib^^  '  '1 

Dollars  will  entitle  tiiem  to  the  Journal  only,  without  the  News,  and  that  Uiey  will  '  ;m 

of  their  own  postuge  on  the  receipt  of  each  number.     The  advantage  ol  a  remiinn  .f 

iog  the  Journal  wM  ibus  be  apparent. 

As  (ne  MeUa-al  News  and  Library  is  in  no  casa  sent  witiioal  advance  paymeat,  its  eobscribertfl 
will  always  revievve  it  tree  ol  postage. 

Kemillttiu'e*  uV  su\)*ct\9VuiuftftOA\\»  ox*!\\e^w.oui  i\&lt.twhen  a  certificate  is  taken  from  tbaPoM- 
Baster  thai  the  monev  »  Am\>j  \ttt\ws*A  wv4'ioT'««teA- 


ASHTON   (T.  J.), 


to  llie  Blenlie 


Di 


iry,  te. 


DISEASES,  INJUIUKS,  AND    MALFORMATIONS   OF   THE 

LECTUM  AND  AVL'S;  wtlh  remark*  on  Habimal  Ci)u*iipaiiiia.  Fruin  Ihe  third  a  ad  en  la  reed 
^ndon  eJitioti  With  band^ume  illkisirt>iion:i.  la  uao  very  beautirully  printed  octavo  vuluuie, 
aboui  300  pages.  {Jttst  Jusntd.]  ^i  00. 
(rsoDrcTioN.  Chapter  [.  Irriiation  ttnd  IicHinj^  of  the  Aaii«.  II.  Innammatioa  and  Excoria- 
of  I  be  Anu».  Itl.  Excre^conee*  o(  the  Anal  Itesrixii.  IV.  Coniraclion  of  the  Anus,  V. 
FFi»?ure  of  lh«  Ann*  nnd  luwer  pari  of  the  Recium.  Vf.  Neuralffi'i  of  the  Anu*  and  extremity 
of  Ihf  RfCiiiiii,  VH.  IiiHiiiiimBtiLin  of  Iht?  R'ct\im.  VKI.  Ulceraliim  nflhe  Rectum,  IX.  He- 
rniorrhoidnl  Afleclioiis.  X.  Kiilargeimtiit  of  Heiriurrhoidul  VuidS.  XI.  Prolup^tu*  of  the  Recluia. 
XII.  AUsoes*  near  the  R^cluin.  XIII.  Kistula  in  Ano.  XIV.  Polvpi  of  the  Hecimn.  XV.  St  no- 
'lure  o(  tile  Reeitim.  XV'I.  Malrgtianl  L)i7>aa-e*  of  Itie  RcoHiiii.  XVII.  Injuries  of  the  Rcetuin. 
XVllI.  Foreign  Bodies  ia  tiio  ICtfolutn.  XIX-  Malforuiiiiioaj  of  the  Keetuin.  XX.  Uahilual 
(Constipation. 

tlie  oxeellent  advice  given  in  the  concluiling  pnia- 


lie  mitat  coniplfltc  one  we  poaaeit  on  the  lubjt^ct. 

Te  are  aulitited,  afler  a  careful  eXDininalion  iif 

vutuiiie,  nni]  M  coinpnriaon  of  iti  coiitxntM  with 

aeof  itilriidinK  prrtJroriDiriiindcnntemfKirarira, 

at  the  beat  (vajr  fur  the  reader  to  a  vail  tiiuuelf  of 


icniph  above,  wnuld  be  l<>  prnvide  tiimttir  wiili  a 
c  i^y  of  tlie  bjok  froiu  whieii  it  lull  been  taken,  un<J 
Jiligrntly  li)  pon  its  irmrudtive  t>iifte«  They  ni.ty 
■rcurc  to  hiin  m  in/a  Iriunipli  nnil  I'ervRntbliMJioj; . — 
Am.  Journal  M*d.  Sci«ncc(,  April,  lo&). 


ALLEN    {J.    MJ,    M.  D., 

Profecaor  of  Aaiitamy  id  the  Ponniflvania  Medical  College,  fte. 

^HE  PRACTICAL  ANATOMIST;  or,  The  Studoot's  Guide  iu  the  DisBecting- 

ROOM.    With  2t)6  iiluBtratiotia.    In  otiefaaJidsume  royal  I'^mo.  volume,  of  over  000  pegea,  le«- 
'  Iher.    »2  25. 
,  We  t>rlirvp  It  tu  be  one  of  the  muat  uieful  wurltt    notice,  we  feel  eouGdeat  tbat  the  work  of  Dr.  Alleo 

Nin  the  unbjeel  ever  written-     It  Ja  huaJnortiflj     ii  iuperiur  to  any  of  Lliein.     We  believe  with  tbe 
luatratrd,  well  printed.  Had  will  be  found  nf  con.     luthor,  Ibntnoiir  is  to  fully  illuttruted  aa  thia,  uad 

iient  aize  for  uie  in  tiie  diiMCliag-Toum. — Mtd      the  arruagL'iiirDt  of  the  work  la  lacli  aa  to  fucilituce 
fje«nifn«r.  the  JHttoii  of  trie  student.     We  moit  corditlly  re- 

Hnwever    valuable    inay    be     the    '' Diianctor'c    eonirnenil  it  lu  their  allealiou. —  Wtiltr»  Lanttt. 
Ittidea"  which  we,  of  late,  have  bad  i^ootttiou  to 


^■^  ANATOMICAL   ATLAS. 

■By  Professors  II,  IT.  Swith  aiati  \V.  E.   Horner,  of  the  Uoiversity  of  Pcnnsyl- 

^m  vania.     1  vol.  8vo.,  extra  ctolli,  wuh  nearly  GiO  illuiiraiions.     UT"  See  Smith,  p.  331. 

P  ABEL  IF.   A.),    r.C.S.   AND   C.    L.    BLOXAM. 

HANDBOOK  OF  CHEMISTRY,  Theoretical,  Practical,  and  Technical ;  with  a 

RtH'orniiienduiory  PrefaL-e  liy  Dr.  Hofma^nk.  In  one  largv  oi-iuvo  volume,  extra  cloth,  of  tit>d 
p«gei»,  wiib  illu»lrtttiuu«.    $3  '25. 

ASHWELL   (SAMUEL),   M.  D., 

^Ob■tetTic  Pbyiiciuo  and  Lecturer  tuGuy'a  Hoipltal,  Losdon. 
PRACTICAL  TREATISE  ON  THE  DISEASES  PECULIAR  TO  WOMEN. 
IlltiBlrated  by  Catiea  derived  from  Hi"pil«l  and  Private  Practice.  Third  Ameriiiaii,  itom  tbe  Third 
and  r«viiu5d  Loniloa  edition.    Iu  one  octavo  volume,  extra  cicnh,  ol  52S  pages.     S3  00. 
The  moat  uaeful  practical  work  on  the  aubject  la  I      The  mnat  able,  and  eertainlv  tbe  moit  itandard 
Uie  Kiieliih   langaage.  —  Bottom  Mtct,  amd  Ji'ar^^.    and  practical,  work  on  frniuiedjicaaei  liial  we  bava 
JoMnml.  I  yet  seen. — ifltiiieo-CAirurgieal  Htritw. 

ARNOTT   (NEILL),  M.  D. 
ELEMENTS    OF    PHYSICS;    or  Natural  Philosophy,  General  and  Medical. 

Writtea  tor  universal  Us'e,  in  plain  or  non-technical  language,  A  new  edition,  by  Isaac  Hayb, 
M.  U.  Uotnptele  iu  one  octavo  volume,  leather,  ol"  484  pu^s,  with  about  two  hundred  iliu->ira- 
lioaa.    $2  50.  

BIRD  (GOLDINQl,  A.  M.,  M.  D.,  &c. 
URINARY     DEPOSITS:     THEIR     DIAGNOSIS,    PATHOLOGY,    AND 

THERAPEUTICAL  INDIC.ITIUNS.  Edited  by  Eajin.>D  Li/>td  BiREBTr,  M.  D.  A  new 
Aniericaii,  from  the  fifth  and  cnlurged  Londoti  edition.  With  eighty  iliuairatiooa  on  wood.  In  one 
baiid!>uine  octavo  volume,  of  a>oul  400  pages  extracloth.     S'i  00.     {Jtut  lii»n«4.) 

The  death  of  Dr.  Bird  htw  rendered  it  neces.^ary  to  eulru«t  the  rt?vt!"ion  of  the  preaeni  edition  to 
other  hnndii,  and  ia  lii»  performaucc  of  the  duly  thus  devolving  on  him.  Dr.  Birkeil  ha.*  i4*dol<iii!dy 
endeavored  to  curry  out  the  outhor'»  plan  by  introducing  wuch  new  matter  and  niodilicu1i<Mi!>  oi 
the  text  u-«  the  progress  of  scicnca  has  culled  fur.  Noiwiihstunding  the  utmost  cure  lo  keep  tbe 
work  within  a  reasonable  ooitipas^,  ihexe  addition*  have  resulted  in  a  considerable  cniargemeut. 
It  i*,  therefore,  hoped  that  it  will  l)e  IouikI  fully  up  to  the  present  condition  of  the  subject,  and  that 
the  reputation  of  the  volume  w^t  a  clear,  complete,  and  compeadioua  manual,  will  be  fully  uiaiuiaiued. 

^  BENNETT  (J.    HUGHES),    M.  D.,    F.  R.  8.  E., 

^^  ProfesioT  of  Clinical  Medicina  in  the  Univenit)'  of  Ediabargh,  Ac. 

THE  PATHOLOGY  AND  TREATMENT  OP  PULMONARY  TUBERCU- 
LOSIS, and  on  the  Local  Medication  of  Phnrjngeal  and  Laryngeal  DiseB.*e8  freQuentty  inistnkea 
for  or  osBOcinied  with,  Phtbisia.    One  vol.  8vu.,exlni  cloth,  with  wood-cut*,    pp.  190.    $1  35. 
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BUDO  (GEORGE),  M.  D.,  F.  R.  8., 

ProfrMor  of  Modirioc  in  Kinif'*  CnllcKe,  Loadus. 

ON   DISEASES  OF  THE  LIVER.      Third   American,  from   th«  Uurf  i»i| 

«nUrg«d  London  etiiiion.     In  one  very  hand»omfl  octnvo  voliimt*,  exUK  cluth,  wiik  four  ' 
fiilty  colored  plnle*,  uid  Diuneroae  wood-cuia.     pp.  TjOO.     $3  Olt. 

H«»  fairly  r»tnl>liiihe<l  for  lUelf  a  pinee  bidoiik  ll^e     ii  n-'  ■-----...  i.i--  ..\.~^^^.i    n^-  i. ... —  ,.t 
rlawiml  mcillpnt   liletnture   nf  EaeUai.—  Britith  i  fu- 
an4  Pnwtiftt  JU'd'ra-Ckir.  Rtvitv,  July,  1837,  %\ 

:  ■       ttea  «r  the  Livpr  i*     ?^'' "  "  "   ' "'"  v;   '   "; 

llt«r«tMrc,ni.a<liit    '  i-O"-*""  -W"*    Ttmtt  aiut  <. 

'npr'^.l   |,ri\vfr.ii  thr         T'l  It  ^rorfc  .  finw  the  «t-i  ■ 


■  CiJ  j'UtUiil'i;)' ;  HI  IhalHltlKfuj^li  Uir  iiac  "I  Ih'-  li". 'k     /'«(■/  r/t  i^utritrty  Journal ,  Aaj    li'o. . 

•  BY  TBR  RAMS  AITTBOB. 

ON  THE   ORGANIC  PTSEASES   AND   FUNCTIONAL  DIS0RDKB8 

THE  STOMACH.    In  one  neat  octavo  volume,  extra  clolh.     81  50. 


BUCKNILL  <J.  CJ,   M.  O.,  a«i>        DANIEL   H.   TU  KE,  M.  D.. 

Medical  fupcrmtendtnt  of  the  Dcnm  Lunatic  Aiylnni.       Viviting  Medical  Officer  to  tlic  Yon  1 

A  MANUAL  OF   PSYCHOLOGICAL   MEDICINE;    containing  ibo  Hi 

Nc*ology,  Defcriplion,  Staii^ticB,  Diain>Li»i»,  Palholojry,  and  Treatment  of  LN:*.Vi<lTy.  Wa 
a  Plate,  la  oce  handsome  uctavo  Volume,  of  53tS  pages.  S3  00. 
The  increase  of  tneutal  di;<ea«e  in  it»  various  Ibrm*,  and  the  diiHcult  que«.tic>Qii  to  wild  il  I 
snfttaiitly  iCtving  ri^,  reader  (be  subject  one  of  daily  enhanced  interest,  requirinfr  oo  ike  ptn  i 
lie  phy<)ician  a  eoD»tantly  greater  famiJiarity  with  this,  the  moKl  perplexing  hriuioh  <if  lie^  (imV 
lion.     At  the  i^-arae  time  ihere  hos  been  for  some  year*  no  worlc  r  '  ' 

ling  the  re«tilt»  of  recent  invetdtgutiofH  in  the  Uiairnofis  find  l*r  jrt« 

[improved  ntethod*  of  ireaimeni  which  have  done  fro  much  ifi  n  r^un 

Ithe  henllh  of  the  insane.     To  All  thi<t  vacatncy  the  pohlisbei-^  prci^ni   tliu   voluate.  iu*titt4  ib 
llbe  disijugiiiyhed  reputation  end  experience  of  the  auihont  will  entitle  it  at  Mac«  to  the  eooMtta 
iof  l>oth  yiudent  aud  nractilioner.     Ila  (>cope  may  lie  gathered  from  The  declaration  of  thv  uiilMn 
[that  "their  aim  ha§  Wen  to  supply  a  text  book  which  may  serve  ai»  a  guide  in  the  acquiMlm  M 
Isucb  knowledge,  t'liffielenily  elementary  to  be  adspied  to  the  wrniilii  tj{  Ibe  ^ltldent,  and  *v' 
■in^lnfn  in  it*  vi«wa  and  explicit  io  its  teaching  to  MitHce  fur  the  d^manda  of  the  pneutiout." 

BENNETT  (HENRY),  M.  D. 
A  PRACTICAL  TREATISE   ON  INFLAMMATION   OF  THE  UTEB 

ITS  CERVIX  AND  APPENDAGES,  and  on  It*  ,     v^-  ,: 

)>  added,  a  Review  of  the  present  stale  of  Uterme 

Engii>h  cdititin.     In  one  octavo  volume,  of  about  ;  -_ 

The  ill  health  of  the  author  having  prevented  the  promi*ed  revision  d  this  work,  tbr  pfr«L' 
edition  i«  a  reprint  of  the  la«t,  without  alteration.  A>  the  volume  ba«  been  lor  aome  liiK  uolM 
priai,  gentlemen  desiring  copies  can  now  procure  Ihein. 

BROWN    (ISAAC    BAKERJ, 
Surgeon-Accoucheur  to  St.  Moiy'a  Huspital,  4e. 

ON  SOME  DISEASES  OF  WOMEN  ADMITTING  OF  SURGICAL  Tl 

MENT.    With  hu»idr*onie  illuBlrationn,     One  vol.  8vo.,  extra  cloth,  pp   27ri.     SIM. 
Mr.  Browa  ha»  cnmcd  for  himiclf  a  high  rcpau-    anil  merit  the  careful  attention   of  erary  nfpv 
ticQ  iu  llie  (>p«nilivc  IreatTnenl  tifaunilry  iliiruart   accoucheur — A*s»ciatiom  Jomm*{  J 

aB(l:njurie»l»>whii'l>fcniiilefBrepccaliaTly..il)jfvl.  ;      w- h.„- -«  i— ,.i.    .i  '      .,       ., 

We  can  truly  aay  of  hia  work  tliai  it  u  iiuiinp.iri<uit  1,7"  nave  no  iiealiatio>a  in  reeommnidiaf  UUt 
»dditjon  to  obntelricul  literature.     Tlie  ui.crnlivc    '"»''•'•'•''«•'"'« "en H"«n    of  all   aurgeou  wIm 
►  ■lieirc«tifmantidconlrivnDCC«  which  Mr.  Brown  ih-    fcnmlf  compi«iul«  «  pnrt  of  their  alttrtf  a«'pr»l 
tenbea,  exhibit  much  practical  aagacity  and  akill,    -«-*"a  Va«r<.r/y  J,«r«A/. 


rBiufl 


BOWMAN  (JOHN   E.),  M.  O. 
PRACTICAL   HANDBOOK   OF   MEDICAL    CHEMISTRY.     Second  At 

ncan,from  the  third  and  revi.-ied  Eiigli^^h  Edition.     In  one  neat  volume,  royal  12mo.,estra< 
with  numerous  illufttraiiuna.     pp.  288.     SI  25. 

BT  TUK  SAMS  AUTHOR. 

INTRODUCTION   TO    PRACTICAL   CHEMISTRY,    INOLUDLVG 

Lysis.    Second  Araencun,  from  the  second  and  revised  London  edition.     Wilhnuoier 
trations.    In  one  neat  vol.,  royal  I'^mo.,  extra  duih.    pp.350.    SI  25. 

BKA1.E  ON  THE  LAWS  OP  HKALTH  IN  RE. 
LATION  TO  .MIND  AND  BODY.  A  Seriea  of 
Letter*  frnm  ait  old  Practitioner  to  a  Patient,  la 
otic  volume,  rnyal  rinio.,  extra  cloth,  pp.  2Ufl. 
M  centa. 


BOSHNAN'I*  PHYSIOLOGY  OP  ANIMAL  AND 
VEGET.\BLE  LIFE  ;  a  Popular  Tre*ti8c  no  tJie 
Fuootinna  and  Phecomena  of  Organic  Life.  In 
^e  hiuiilaome  royal  ISmo.  volume,  extra  cl<>ib, 
with  over  100  illuttratioBi.    pp.'.t34.    tJO  eeaia. 


BUCKLER  ON  THE  KTIOLOfjr-P.KTRrn  n« 

AND    TttEATMKNT   OF    F<''-  . 
,    TIS  A.ND    RHEU.MATIC    I 

one  Svti.  volume,  rxfn  cfftti 
BLOOD    AND    TK i 

JOHN    WILLU 

REESE,  AND   A  I 

thific    volume,   royal    Ju'ino.,    eA(<*   c^utit, 

pUtet,    pp.  160.     SI  'i&. 
BRODIE'S   CLINICAL  L£CTt7R80  OK  « 

OERY.    IvoI.Svo.  elotk.    SSOpf.    SI  tl. 


AND   SCIENTIFIC    PUBLICATIONS. 


BUMSTEAD  (FREEMAN  J.)  M.  O., 

Leclurer  on  Vsnereal  Oiuaiu  at  thp  College  of  Pnyalcitni  and  Surgeoni,  New  York,  ke. 

THE   PATHOLOGY   AND  TREATMENT  OF   VENEREAL  DISEASES, 

inchidiniar  ihe  re*iih«  of  recent  invesiigoiiDns  upon  iJie  subject.  With  illustration*  on  wood.  la 
one  very  handsome  octavo  volume,  of  nearly  700  pagvs.  {Nuarly  Ready,) 
The  object  of  the  autlior  has  been  to  prepare  a  comptcle  worlr,  «r|jich  ytioutd  preMnt  tll<^  re«iilt« 
of  the  mu»l  recent  researcbesand  raodern  experience  i>n  all  branches  of  the  suiijet^t,  wiib  ^pecinl 
referrnoelo  the  wants  cil' the  praciiiiontfr,  theoretical  diiQui^iiionEi  being'  rendered  Milxirdinaie  to 
prn<-iieftl  uiiliiV'  To  t<bi>w  itie  thoruughiie'*:^  of  the  uutliDe  which  i»  ihua  tilled  up,  a  couden^ed 
eyuoji^is  ol'ibe  conteatb  i»  subjuined. 

CONTENTS. 

IXTROPfCTION. 

PART  1.— CJoNouniicEA  anp  its  CowrucATtoyj. — CirArTKR  I.  Urethral  Gonorrhoea  in  the  Male, 
II.  Gleet  III.  Jittlnuilia.  IV  rhytno:.»».  V.  I'araphynio^is.  VI.  Swelled  Tesliole.  VII. 
Indammalion  oflhe  Pro:«late.  V(ll.  ludanitnation  ol' tae  Bladder.  IX.  GoDurrboju  in  Womeo. 
X.  Gunorrhical  Ophdialmia.  XI.  Gonorrhical  KhiiuraaliMn.  XII.  Ve^otatioait.  XIII.  Sirie< 
1iir»»  (iT  the  Urethra. 

P.'MiT  II.— The  Chancroid  akd  its  CoHPLiCATtONs:  Stphiub. — Chap.  I.  introductory  remarks. 
11.  Chanore*.     Ill,  Arieetion*  of  tt»e  Lymphatic  VeA«<els  and  Ganglia  atiendani  up^m  Prunury 
tjor*-!*.     IV.  General  Syphilis — bttroductory  remark!!.     V,  Treatment  of  ^?yphilil•.     VI.  Syphi- 
litic Fever — ^Stale  of  the  Blood^r-Affeclions  of  Lymphniic  Ganglia.    Vtl.  Syptiiliiic  Afleotioat  cv|| 
the  Skin       VIII.    Syphilitic  Alopecia,  Onychia,  and    Puronychia.     IX.    Mucou;*  Patches.     X. 
Gummy  Tumors.     \l.  Svphililic  Affeclion*  of  Mticou^*  Membrane*.     XII,  Syphililip  ArtVclion*  i 
of  Ihe  Eye.    XIII.  Syphilitic  Afle<jtionrt  ol  fhe  Ear.     XIV.  SyphilHic  Orchitia.     XV.  SypbililiO  i 
A  (led  ion*  of  I  he  Muscle*  and  Tend' m*.     XVI.  Syphilitic  Atleciions  of  Ihe  Nervotis  ifystem. 
XVII.  Syphditio  Afreciion»of  the  Perioateum  ttodjiotioa.    XVUI.  Coiigeaitat  Syphilis. 


BARCLAY  (A.  W.),  M.  D., 
A»i»lnnt  Phyiician  to  St.  Gc<irge*i  Hoapiul,  ke. 

A  MANUAL  OF  MEDICAL  DIAGNOSIS;   being  an  Analysis  of  the  SigDs 
and  Symptoms  of  Di^iaae.    laoneaeaioctavo  volume,  extra  clolb,  of  424  pagea.   $2  00.    {Luulg^ 

The  Uak  oreompfxiof  inch  •  work  ia  neither  an  |  We  hope  the  rolome  Mrill  have  aa  extenciva  eir^ 
eaiy  nor  a  light  one;  but  Dr.  Barclay  bni  performed  |  eolation,  not  among  ilnilenta  of  medicine  only,  but 
h  in  a  nwnncr  which  ineeli  oar  moat  aaquuhfiaiJ     pravtitiuarra  alio.     Tliey  will  nnver  regratu  faftti' 

Cinet'aaaii  Z.aiif<t,  Mar. '58 


appnvhation.  Ho  la  do  mere  theiiriil;  he  knowa  hia 
Work  ihiirouglity,  and  in  attempting  tn  perform  it, 
hnaai it  exceeded  htapoweri. — Britiik  Med.  Journal, 
Dec.5,  IssS?. 

We  venture  tn  predict  that  tbe  work  will  he  de- 
aervedly  popular,  and  an-ou  brcotne,  like  Wutaon'* 
Practice,  iin  indiapenaable  nece»»Uy  tu  the  practi- 
tioner.— iV.  A.  Mtd.  Journal,  April,  1^58. 

An  ineilimable  work  of  reference  fur  the  youae 
prnclitidoer  aail  atudent. — NmkvilU  M*d,  Journal, 
Uuy,  itise. 


ful  atudy  of  i  La  page*.. 

An  iaipoTtnnt  acquiiition  to  medji?ai  literiture. 
It  la  a  work  of  high  merit,  bu(h  from  tlia  rait  im. 
porMDCe  nf  the  aubjeeC  upun  wliich  it  trenca,  and 
nl«o  fiom  the  r«al  aiiility  tliaptayed  in  it*  elahora- 
iii>n.  In  conclaiiftn,  let  ai  beapeak  for  thi*  rolama 
that  attention  of  every  aiudent  of  our  art  whicli  it 
»o  nobly  dcaervea  -  thtit  plBC"*  in  every  metliral 
library  which  ii  can  ao  well  adoro. — Ftnimulat 
ACfitcol  Joumal,  Sept.  1669. 


I 


BARLOW  (GEORGE  H.l,   M.D. 

Phyaician  tu  Guy 'a  HoapiUI,  London,  4c. 

A  MANUAL  OF  THE  PRACTICE  OF  MEDICINE.     Witb  Additions  by" 

F.  Co.vDiE,  M.  D.,  author  of  "A  Pmctical  TreatiKe  on  L)i>iea.*e»  of  Children,"  ice.     In  one  hand* 
Bomo  octavo  volume,  leather,  of  over  600  pagea.     Si  15. 

WerewmmendDr.Barlow'iManoatinthewarro-  'Will  be  found  hardly  leaa  uaefui  tn  the  experirnee4 
eat  mnnner  ai  a  moit  TRiaable  vude-inccnm.  We  |  phyiipinn.  The  Amerioao  editor  haa  added  to  tti«  i 
have  had  frequent  nccaiion  to  conaiilt  it, and  have  work  three chnp(era^>n  Cholera  Infuncam,  Yellow 
found  it  clear,  cnnciae,  prnctical,  and  anand.  It  ia  Fever,  and  Cerebru-ipioal  Meningitii.  Tlieaeaddi« 
eraiitently  a  practical  work,  containing  all  that  ii  tiona,  the  two  flrat  of  which  are  lodiapentable  to  a 
eMeatlol,  and  RVotdiDg  oaeleaa  Iheoreticul  diacui-  |  work  on  practice  deitined  for  the  pnifeaaiim  in  ihia 
■  inn.  The  work  auppTica  what  haa  l«?cn  for  aurac  i  country, are  executed  with  great  jndi^ment  and  6- 
time  wiintiog,  a  mnDtinl  n{  practice  hated  upon  mo-  delity,  by  Dr.  Cundie,  who  haa  alio  aucceeded  liap- 
dern  iliacnveriea  in  paiJinlngy  and  rational  viewi  of  |  pily  in  imitating  the  conciaene*!  and  clenroeia  of 
trealinrlK  of  dneaac.  It  ■•  eipecially  inteniic'd  for  ityle  which  are  luch  agreeable  churncteriilica  of 
the  aie  of  atadenls  and  jiuuor  practitionexa,  bat  it  I  the  original  hook. — Boston  Mtd.  (xud  Surg.  Journal, 


BARTLETT  (ELISHA),  M.  D. 
THE   HTSTOHT,  DUONOSIS,  AND  TRE.\TMENT  OF  THE  FEl'^RS 

OF  THE  UNITED  STATES.  A  new  and  revised  edition.  By  Alo.vzo  Claek,  M.  D  ,  Prol. 
of  Pathology  and  Practical  Medicine  ia  the  N.  Y.  College  of  PhviticianB  and  Surgeona,  dec.  In 
one  octavo  volume,  of  aix  hundred  pages,  extra  ctulh.    Price  93  00. 


It  ia  a  work  of  great  practical  value  and  intereat. 
eontiiiuing  much  that  ii  new  relative  to  the  acveral 
diae«aea  of  wttich  it  treata,  and,  with  the  additions 
of  the  editor, i*  fully  up  to  the  times.  Thcdiatinet. 
ive  feature*  of  the  different  furina  of  faver  are  plainly 
and  forcibly  portrayed,  and  the  line*  of  demarcation 
carefully  and  accurately  drawn,  and  to  Ihe  Anieri- 
can  practitioner  iaa  more  valaable  and  aafe  guide 
than  any  work  on  fever  extant. — Ohio  Mid.  and 
Surf  Journal, 

Thia  Bxeellent  monograph  on  febrile  diaeaae,  haa 


tt>n>d  deservedly  hi^h  since  fta  first  pnbllcatlon.  It 
will  be  aeen  that  it  has  now  reache^l  its  fourth  edi- 
tion under  the  sapervialon  of  Prof.  A-  Clurk,  a  gen- 
tleman who,  from  the  nature  of  hiaaiudic*  and  pur- 
suits, IS  well  calculated  to  apprtciaie  and  diacusii 
the  many  intricate  and  difficalt  questions  in  patho- 
logy. His  annotations  add  much  to  cbe  interest  of; 
the  work,  and  have  brought  it  well  up  to  the  coadi- 
tion  of  the  science  aa  it  exists  at  Ihe  present  oa] 
in  regard  to  this  elaaa  of  diaeaaea.— So«cA<ra  M«i 
and  Surg.  Jouraai. 


ilLANCHARD  *  LEA'S   MEDICAL 


BARWELL  (RICHARD,)  F-  R.  G.  S., 
A««i('tnl  i^iirgeon  Clmriog  Cnici  Ilutpital,  h.C. 

A  TREATISE  ON  DISEASES  OF  THE  JOINTS.     Illustrated  with  engrav- 

ing#  cm  wood,     In  oao  very  haiid.<on>e  ocluvo  volume,  ol  aboul  .'jOO  page*.    {Nearly  KtaJy.) 
'•A  lrL'atii»e  on  IHs^'hmj*  of  iho  Joinu  equal  to,  or  rather  l)eyond  the  current  knowlrcfjrc  (^f  the 
d«y,  hn*  Uniar  beeh  rct^uifed — my  proiVjiftKmul  lirethren  iiiu*i  judge  whtsilier  the  co»ii  uay 

Miipply  the  drficiern'y      No  BUibor  is  lit  to  ef^limaie  bi«  own  Wi^rU  at  the  inoiiieiii  oi  l  oti, 

hut  It  inny  be  permitied  lue  t(»  .••By  that  the  study  of  joint  di^ea^te*  bu  very  riiueh  ticcu,  .    .    i. ,  -.:cti- 
t«on,  even  from  my  «1udenl!ihip,  and  that  for  the  laM  bix  or  eight  yftir<  my  devotinn  tu  thai  niibje«( 

ban  liefii  «lmo?-t  iiiiremitiingr The  real  Weiphl  of  ray  work  has.  t»een  at  the  l>ed*ide, 

Hiid  the  grei)le:!kt  tabor  devoted  to  interpreting  »<ympiums  uiid  remedying  (heir  cause." — AuTHOk^s 
I'ucrAcx. 

At  the  nntiet  we  may  itatf!   that  the  worlt  ii    to  be  of  moch  o»e  to  ''<■ 
W'K^thy  (>r  mucli  priiife,n(]d  Ifrnrs  rvidFDoe  of  much    may  he  la  wnnt  ot  utrrn: 
Ihoughltul  iiud  rjirt-fol  luqiiiry,  hiiiI  here  and  tlirre    uud  at  the  Btitur  time  ciij< 
nf  notJi^ht  oriKtnatiiy.     We  have  nIreHdy  earritd    informaiioa  <>n  artlsaUi 
lAif  niilice  fDrlher  thHn  We  inlendrd  to  do,  but  nut 
to  tti<'  ealcni  the  u-ork  detervr*.     We  cati  only  add, 
that  tlie  fHsruiul  tif  it  hoi  utTiiided  nt  great  pleasure. 
Thennthor  haa  rvidrnily  worked  very  litird  tit  tiii 
■uhjrct,  anil  hii  invritigHiioDB  into  the  Phyiiolrifry 
■  nd  Pathoti»j{y  of  J"iiii»  have  heeo  curried  on  in  a 
Muoner  which  piititlo  hiin  to  be  liatencd  (o  wiib 
al  ten  I  ion  and  reipect.    We  muntnot  oimt  to  men- 
tlou  the  very  nOinirnhle  plates  with  which  the  vo- 
lume i»rnriched.     VVe  ■eldom  meet  with  luchstrik- 
iiiir  and  luilliful  dFliiie4ti"na  of  diiiuae. — London 
Mtii    Ttmtt  and  GazttU,  Feb.  9,  Ibtil. 


'rho 


tinni  fur  iheir  cure.— i)a6<m  Jftit.  frttt,  Feb.'Zl, 
led. 


This  volume  will  bewetcninrd,  h' 
tholoftist  and   the  siirgrun,  ns  hrini 
much  honest  research  aad  earcful  io  . 
the  ratuie  and  trcainicnt  of  a  most 
of  disorders.     We  cannot  poncludc 
valuable  Bod  nitful  bmilt  withi>iil  <  ■ 
to  the  amount  of  69>il3_/i^<  wtx- 
present  dny  of  universal  tiook  i 
niHiter  for  n  volume  to  ahow 
tinu,  nnd  at  the  same  time  origiud   i! 


of 

Ltd 


In  the 

nosMitbt 

u  veitica- 

ughi,  on  the 


We  cannot  lake  leave,  however,  of  Mr.  Barwell,    part  of  its  ou-.hor,  whom  we  tnny  CTtiifratulnte  cm 
Without    coiif rniulniiriK    hmi    on    the    interesting    the  laecesalul  cimipleiion  of  ht*  arduoua  taali.— 
amonnt  of  inform«ti<ur  which  be  has  CoinpreaaeaJ  L«atfiM  XmuMf,  March  9, 1591. 
lato  Ilia  book.    The  work  appeals  to  ua  calcnlaied  I 

CARPENTER  (WILLIAM    B.),  M.  D.,  F.  R.  S.,  «tc., 

Examiner  in  Physiolog:y  and  Comparative  Anatomy  in  the  Univerajry  of  LiOndon. 

PRINCIPLES  OF  HITMAN  PHYSIOLOGY;  with  their  chief  applications  to 

P»y(?hc»lpfrv,  Patholagy,  Therapeutic*,  Hygiene,  and  Fore!i.*ic  Medicine.  A  new  American,  froa 
the  Inst  nn^  revised  London  edilton.  Wiih  nearly  three  hundred  illustmtion*.  Edited,  withaddi- 
tion;*,  by  Francis  (.tcrnkv  Smith,  M.  11. ,  Proleswr  olthe  Institutes  of  Medicine  in  the  Peiw^yl- 
vunia  Aledieal  College,  &c.  la  one  very  large  and  beautiful  octavo  volume,  of  about  nine  hundred 
large  page*,  haudaomely  printed  and  tlrongly  bound  lu  leather,  with  raiiied  bnnd».     (4  29. 

In  the  preparation  of  lhj»  new  ediiiun,  the  author  has  «p«red  no  labor  to  render  it,  ■»  herelofore, 
a  complete  and  lucid  expn»iiion  ot  ihe  hjohI  advanced  condition  of  in  important  oubjecU  The 
amount  of  the  additions  required  (o  eflect  thi»  object  thoroughly,  joined  to  the  former  large  tixe  ol 
the  volume,  presenting  objection!>^  arising  from  Ihe  unwieldy  bulk  of  the  work,  he  baa  omitted  all 
thoite  portions  not  bearing  directly  upon  Human  PuysioL.ooy,  designing  t«>  incorporate  (hem  in 
his  forthcomuig  Treolis-e  on  Genkral  Physiology.  A^  a  full  and  accurate  texi-b<H)k  «>n  the  Phy- 
siiokigy  of  Man,  the  work  in  ii*  present  condition  therefore  pret^enls  even  greater  claim*  upoo 
the  fciudent  and  phy^iciun  than  iho.<ie  which  Lave  heretofore  won  for  it  the  very  wide  and  di>iin- 
gui-hed  favor  which  it  hu*  so  long  enjoyed.  The  additions  of  Prof.  Smith  will  l>e  found  to  ^ujipljr 
whaiever  may  have  been  wanting  to  the  American  student,  while  the  introduction  of  many  new 
illuFilrationa,  and  the  most  careful  uiechanicaj  execution,  render  ihe  volume  one  of  the  taotX  at- 
tractive as  yet  issued. 

For  upward  a  of  thirteen  yenra  Dr.  Carpenter'ai  Toenlorize  thiagreat  work  wonldbeanperflanttt. 
work  haa  been  considercil  by  the  professmu  fcno-  \Vc  iKould  observe,  however,  that  to  this  editiwB 
rally,  both  iu  this  country  and  KngloDd,  as  the  moit  the  author  ha*  remodelled  a  large  portion  of  th* 
valuable  compendium  on  the  aahject  of  physiology'  forraot,  and  the  editor  has  added  much  matter  of  ta- 
in our  language.  Tbisilistinctioaitowesto  the  high  terest,  ospecinlly  in  the  form  of  illustratioa*.  We 
Bitiiinnienta  and  anwaried  industry  of  ita  accoin-    may  con&ilently  recoinnipcd  it  as  the  mo«t  compleie 

plished  author.    Thr  present  editiuo  (which, like  the    work   on    HutJian    Physixloj^y   in   our    langaage. 

'naL_ American  one,  whs  prepared  by  theauthor  hira-    ^oalArm  Mtd.  and  Hitrg.  Journal. 

The  moat  complete  work  oo  the  acienoe  ia  oar 


BclO.iathereaultofsuchBxtenaive  revision,  thalit  ^he  moat  comnlete  work  t 
may  almoat  be  considered  a  new  work.  We  need  UnJ^Jl  A^M.T j7uJnal 
hardly  aay,  in  concludinEthisbriefnotice,  that  while     "*"^°~'*'^*'"'*'''""*°' 


uuine  I , .„...,», 

the  work  ia  indisptninliTe  to  every  stud<'Dt  of  nicdi-        The  moat  eomplete  work  now  extant  in  oar  laa- 
eine  in  thia  country,  it  will  amply  repay  the  pnicli-    juage.— A^.  O.  Mtd.  Heg^iiur. 


tioner  for  ita  perusal  by  the  intercut  and  value  of  ita 
oonletita. — Boston  M*d.  and  Surg,  Joumai. 


The  best  text-book  in  the  tankage  oa  tltUex- 
tenaiveaubjeet. — London  Med.  Tiiiu». 


A  complete  cyelopiedia  of  this  braoch  of  aeieaea. 
— iV.  y.  Mtd.  Tmti. 
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Thisisnatjindard  work— the  text-book  used  liyall 
mcdiciil  Btude-nts  who  read  the  Kn({li»h  lanijurige. 
It  has  pnased  through  sovem]  editiona  in  order  to 
keep  pace  wilh  the  rapidly  growing  science  of  Phy. 
amlogy.  Nothing  need  he  aiiid  ui  ita  praise,  for  iu 
merit*  are  univeranlly  known  ;  we  have  imthiug  to    Humiiu 

wy  of  ita  defreta,  for  they  only  iippeur  whrre  the  iimuy  years  been  nimosl  theoniy  tex; 
science  of  which  it  Ireata  is  tnouinplete,— ITtjIfni  /  aiology  in  all  our  medical  achooU, .,, 
*•*■"'•  I  tion  among  the  profession  haa  been  ui 

*"■       .-1.         ^y  department  of  medical  aciene«. 

inneceaaarv  for  nn  to   sneuk    of  lliii 
Urarg .  KrvietD ,  i  wora  as  iia  merit'  ''<•   • T'      ----  m- 

The  jfreaiest,  the  moit  Tc\VR>s\e,«o4VVkfc>it%\.\«>oV,  'j.Swvi.vm  v«  tv.tv:  i^ 

on  the  aubject  whteU  we  tavjw  o(  \ti  \\ie  ¥.\i%\\»Vi\  ve^'a.sa.V  -^tVA  \»t     .    .    ^.,,--   .v.  « ..,  ......lvm 

language.— Suifc«scop«,  \'5>yi*\o\o»,^e»\aK.«»«t*.— o^  U»4. 


(ion  among  ine  proit 

The  moat  complete  exposition  of  phyaiology  which  "^7  work  in  any  depi 
any  lancaage  can  at  pruceut  give,— frit.  n«»d  For.]  ^^  <■  quite  unnece 
Jfitf.-CXirarg.  RrvietD,  '    work  as  iia  merit' 


M\»»rii  by 
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CARPENTER  (WILLIAM  B.),  M.  D.,  F.  R,  S., 

Examiner  in  Fbystulogy  &n(l  Curap&ratiVA  Anatomy  in  the  Uaiveruty  of  Loadoa. 

THE  MICROSCOPE  AND  ITS  REVELATIONS.     With  an  Appendix  con- 

tninins  the  Applictitions  of  the  Microscope  to  Clinif  al  Medicine,  Arc.  By  F.  G.  8mith,  M.  D. 
IllnsirRled  by  luiir  hiiDilred  aad  Ibirty-four  beautiful  eiigruviiig-i*  on  wood.  In  ooe  large  and  verjr 
li«LDd»onie octavo  vuluine,  uf  724  pagef>,  exira  cloth,  $4  00;  leather,  94  50. 

Dr.  Carp«^iit«r'»  po!<ition  n$  a  inicrii^copi.<<l  and  physiologist,  and  hi»  freat  experience  ds<  a  teacher, 
emioenlly  qtinlify  him  to  pnxlijce  what  has  lon^  been  wanted — agooa  text-lxtuk  on  the  nrnctieal 
ate  of  the  pucroscope.  In  ih»;  present  volume  bifi  ohjecl  h«»  been,  a«  «iated  in  his*  Preface,  "  lo 
ooml>ine,  wiihin  a  tnoderale  compnscH,  tbul  inlarmatioii  wiih  regard  to  the  use  of  his*  '  tools,'  which 
ilk  mosl  es'it'ntml  to  the  working  microscopiil,  with  flueh  an  account  of  the  objects  best  fitted  for 
bi!»  itlvuly,  Ds  might  quulify  him  lo  comprehend  what  be  ob!<erve»,  and  luij^ht  thuit  prepare  Uirn  lo 
berictil  science,  whilst  exparuhu^  and  retrejshing  his  own  mind  "  That  he  hassucceeded  in  accom- 
plifbiiig  thl^,  no  one  acquainted  with  hi5  previous  labors  can  duubt. 

Tbe  great  importance  of  the  micro^'cope  a»  a  means  of  diagnosis,  and  the  number  of  microsco* 
pists  who  are  aW  physsicians,  have  induced  the  American  pubii«bers,  with  the  author's  approval,  to 
add  an  Appendix,  carefully  prepared  by  Professor  t^mith,  on  tbe  applicationit  of  the  iri:>lrument  to 
clinical  medicine,  together  with  an  account  uf  American  Micros'C^ipeB,  iheir  inndi(iculion»  and 
accessories.  This  porlicm  of  the  work  i»  illusirared  wilh  nearly  otie  hundred  wood-cuts,  and,  it  is 
bopcd.  Will  adapt  the  volume  more  purticularly  In  Ltie  u>e  of  the  Auiencan  student. 

Those  who  are  ac<iDajnte<J  with  Dr.  Cnrpcnier's  metlicsl  work,  the  additions  by  Prof,  Smith  five  it 

fireTl»(i«  wntingi  on  Anininl  an<J  Vr^f.tntilc  FhVEio-  s  |ii>aitive  plaim  upno  the  proic'aalon,  for  which  we 

iwy,  willfully  iinilfrrttnntJhnw  vnat  a  stoic  iifltnow  iiouht  not  tir  will  rrcfive  thpir  sinrcrr  tlianki.     In- 

ledpe  he  ii  able  to  bring  to  Iwar  ui>(>a  ««  cinnprchea-  deed,  we  know  uiit  where  the  ituileot  <if  medirioe 


sive  a  aiiliject  »•  the  rnvclaluina  of  the  ruirioarope  ; 
and  even  th<t»c  who  have  no  previous  acquaintanec 
with  the  conatruetinn  <n  uica  of  thia  inilramcjit, 
will  hull  iihuBdanceof  informattoa  coavryecS  ia  elear 
and  innpie  language. — tied.  Timet  and  Oa.Mttu.[ 
AJthuDgh  origiaally  aol  intended  aa  a   strictly  | 


wiil  Gud  such  ucomplete  aed  antihl'actory  c'i||rcttr>a 
of  microtcopic  facts  benrjaif  upon  {ihviiolnKy  and 
practical  metlictne  oa  is  contained  in  (*rof.  s^iuiUi'a 
appeuitix;  and  this  uf  itsall,  it  aeeuis  tu  u«,  la  fully 
worth  the  coat  of  the  vulume. — Louuvillt  Utitical 
Rtcitv. 


BT  THK  SAMS  A17TH0S. 

ELE5IENTS  (OK  MANUAL)  OF  PHYSIOLOGY,  TNCLimiNO  PHYSIO- 

LOGIC.'\L  ANATOMY.    Second  American,  from  a  new  and  revieed  London  edition.    With 

one  hundred  and  ninety  illusLralionB.    In  one  very  handsome  octavo  Tolume,  leather,    pp.  566. 

»3  00, 

In  publishing  the  first  edition  of  this  work,  its  title  wa.i  altered  from  that  ot  the  London  volume, 
by  the  ^ub'-tilulion  of  the  word  "  Elements"  tor  that  of  "  Manual,"  and  with  the  author'^  >tmctu>n 
the  liiie  of  '*  Elements"  is  »iill  retained  as  being  more  expressive  of  tbe  scope  of  the  treatise. 

To  aay  that  it  is  the  best  manunl  of  PhyRi>it<i|(y        Thu««  who  have  occasUm  for  anelemrninrr  trca- 


■ow  before  the  pahlic,  would  not  do  ■li(T)  epical  justice 
to  Uie  author. — Buffalo  Medical  Journal. 

In  his  former  works  it  would  seem  that  he  had 
txhausted  the  suhjcctof  Phytiolnry.  In  the  preaenl, 
begi  vri  theessence,  as  it  were,  of  the  whole. — N.  Y. 
Jtutnnt »/  M*diein4. 


tiae  on  Physiology,  cnnout  do  better  Ui:uj  to  puiBets 
themarlvesofthenuuiuBl  of  Dr.  Carpenter. — Mtdital 
SxamintT. 

The  best  and  most  complete  exposA  nf  modera 
Pliyiiology,  ID  one  volume,  extant  in  tbe  Eagliab 
laoguttge. — Si.  Louia  Idtdieal  JoumaJ. 


BT  THX  SaMS  AttTBOK. 

PRINCIPLES  OP  COMPARATIVE  PHYSIOLOGY.    New  American,  from 

the  Fourth  and  Revised  Londun  edition.     In  one  large  and  hand-«ome  octavo  volume,  with  over 
three  hundred  beautiful  iliuslralions,    pp.  752.    Extra  cloth,  ^4  80;  leather,  raised  bonds,  $5  26. 


Thii  book  ahoald  not  only  be  read  bat  thoronrhly  i 
studied  by  every  member  of  the  profession.  None  I 
are  toowiie  or  <iid,  to  he  benefited  thereby.  Hut 
scpeciallr  tn  tbe  younicRr  clnsa  would  we  conliallr 
cointnend  it  as  best  fitted  of  any  work  in  tha  Knglisn 
language  to  (qualify  tbein  for  the  reception  and  com- 
prehension oi  thoio  truths  whicii  are  dailv  being  de- 
veloped in  physiology  ,—itf««l»ettl  Co«aie/<of. 

Without  pretending  to  it,  it  is  an  encyclnpcdia  of 
the  subject,  nceurstc  and  complete  in  all  reapeeta^ 
a  truthful  redeclioD  uf  the  advanced  slate  at  which 
the  science  has  now  arrived. — Dublin  QuarUrlf 
Journal  uf  Meditai  Seifntt. 

A  truly  mngniBcentwork — In  itself  a  perfect  phy- 
■iological  study, — Ranking' »  Ahtlratt. 

This  work  stands  witboat  its  fellow.  It  is  one 
few  men  in  Earope  could  have  undertaken ;  it  ia  one 


no  mnn,  we  believe,  conld  have  brought  to  so  sue- 
ceiafut  an  issue  as  Dr.  Carpenter.  It  required  for 
its  protfuction  a  physiologist  at  once  deeply  read  in 
the  Inbora  of  othcra.  oupiibie  of  tnkiug  a  geaernl, 
critieal.anil  anpre;iidiced  view  of  tboae  labors, ana 
of  combining  the  varied,  heterogeneous  materiala  at 
hia  disposal,  so  us  to  fiirm  an  harmonious  whole. 
We  feel  that  this  abstiaetcan  give  the  reader  a  very 
imperfect  idea  of  the  folnesa  of  this  Work,  and  no 
Idea  of  its  unity,  of  the  admirable  manner  in  which 
nnnierial  hat  been  brought,  from  the  most  varioua 
tources,  tu  conduce  to itaeoiuplete nets,  of  the  lueid* 
ity  of  tlie  reasoning  it  contains,  or  of  tbe  clearness 
of  language  in  which  the  whole  is  clothed.  Not  the 
profeision  only,  but  the  scientific  world  at  large, 
must  feel  deeply  indebted  to  Dr.  Carpenter  for  this 
great  work.  It  mast,  indeed,  add  largely  even  to 
hia  high  roputatiun.— iUfdicaJ  rimss. 


BY  THK  SAHB  AiiTHOB.    (Preparing.) 

PRINCIPLES  OF   GENERAL   PHYSIOLOGY,   INCLUDING   ORGANIC 

CHEMISTRY  AND   HISTOLOGY.     Wjlh  a  General  Sketch  ot  the  Vegetable  and  Aiiimai 
Kingdum.    In  ooe  large  and  very  handsome  octavo  volutne,  with  several  hundred  illustratiun*. 

BY  THK  BAXK  AtlTHOK. 

A  PRIZE  ESSAY  ON  THE  USE  OF  ALCOHOLIC  LIQUORS  IN  HEALTH 

AND  DISEASE.    New  edition,  with  a  Preface  by  D.  F.  Conuik,  M-  C,  and  explanations  of 
acientific  words.    In  one  neat  12mo.  volume,  extra  olotb.    pp.  I7S.    50  cents. 


■ 


BLANCHAKD  St  LEA'S  MEDICAL 


CONDIE  (D.  F.),  M.  D.,  «tc. 

A  PRACTICAL  TKEATISE  ON  THE  DISEASES  OF  CHILDREN.    Fifth 

ediriim.  rcvii»eH  and  augtneolcti.    In  one  lurge  volume,  Svo.,  IcBtber,  of  over  750  pages.  93  2d. 

Ill  pre^eiiiing  a  new  and  r«vi««d  (^itii>n  ot  lhi<s  Tavorile  work,  th«  ptibli«ber«i  hBV«  only  to  «(ate 
that  the  nuthnr  has  «"nde«vorfd  lo  render  >l  in  every  respect  "  a  coroplere  and  fsiihlul  t*xp5?-ilion  of 
the  polholoir)' and  lherBpeiHic5of  ihe  maJadies  incident  lo  the  earlier  ^tageR  of  exiVienci? — a  full 
and  fxitri  Hccuuni  o(  llie  di>ea''c>'  of  infancy  and  childhoixl."  To  aec»  mpli-h  thii*  he  Iib»  Mibjected 
the  whole  u-nrk*  lo  a  caretul  and  Ihornugh  revi^ioii,  rewriting  a  coiiMdeiulile  p<ii'tii>n,  and  udJiii^ 
several  new  cliapler*.  In  'hi>  rnuDner  it  i.'  hoped  (hat  any  deficiencies  whi<'h  may  ha\.'e  previously 
exifted  have  f>een  I'upplied.  thai  the  recent  labors  of  practilinner*  and  observer.*  have  h«rcn  ibo- 
riiiif  hly  iiicorporaied,  and  thai  in  every  point  liieWurk  wdl  t>e  fuuiid  iv  maintain  tlie  hi^b  repuiaitoo 
It  ha*  enjoyed  ai*  a  ci-impleie  an<{  i1ioroug;lily  pruciicul  Ixjok  of  reierence  in  lofualile  iLfiection». 

A  few  notice*  of  previous  ediijims  are  subjoined. 

Dr.  CoDdie'a  ■ehii|arihl|t,  aFuuica.  inilaatry,  ildiI  I  We  proaonared  the  flrat  ediliim  to  h«  the  beat 
practical  ien>e  >T)r  munircsirj  in  (liiB.ni  in  mII  Itia  ,  M'ork  on  thf  tlivcJiiiei  nf  chililrrn  in  the  Enrllab 
attinrroui  conirihuliiini  ti>  ■I'irnrr — Pt  Holnui't  <\nBa'aagr,  iin<J,  nutwithatunJinc  all  that  hn*  i><rB 
Hrpori  to  ikt  Atnttican  M*ditni  Aitoiiaticm.  ;fnibii»hed,  we  itill  regard  il  in  taal  light.— jtftrfieoi 


Tnkra  aia  whnic,  in  oar  juilgiiirnt.  Dr.  Condic't 


Kramin** 


Tri>»liir  il  the  one  frnm  the  prruwil  of  which  Itie  |  Tlie  vnlop  of  worka  hy  aalive  aathoraoa  the  dia- 
practktinnt^r  in  Ihia country  will  ri««  with  I'le  treat,  riiaes  which  the  phraician  i»  called  up»n  ti<cnmb*t, 
eit  anrmfactiun.— I(^t«(«ni  Janmal  o/  Uiiitint  and    Willi"*  i(p|>r>>cintc<l  t<>  nil;  on  I  itir  wr-tk  i>(  Di  C<^p- 


SUTgtTf. 

One  Iff  the  be*t  works  apoo  th*-  Diccaaei  o'  Chil- 
dreiJ  in  Ihr  Rni^lmh  lnngu:i)(r. —  Wi^tem  /.iKrsl. 

We  feel  NtaurwJ  from  hciumi  rX|i<'r|cace  that  ii' 
^hyiirMun'a  library  can  tie  eoniplrtr  wilhoal  a  cup) 
of  thia  wiirk. — N.  Y.  Journal  e/  Mtdirimt. 

A  veniatile  piediatric  eaoyclopoidlM,  and  an  hoooi 
Kt  Ainenona  mf<itical  literalBre.— OAto  Altdical  and 
SuTgital  .lenmal. 

We  feel  itcrauadetl  thntthe  Ami-ricaa  medical  pro 
fek*ii>a  will  ■••oa  rcjfnril  it  Dot  only  aa  n  very  giu»i 
but  at  the  vaav  aK»T  *'  Practical  Trratiar  on  th( 
Diaoiae*  of  Chililren." — Amtrimn  MfditalJoumal 

In  the  dnpurtinrnt  of  infantile  ihrrnpeatica,  the 
wnrk  <if  Dr.  Conuir  ia  cnntiderrd  unc  oi  the  beii 
which  huK  l>een  puhliahed  ia  the  Engllah  lanfuage. 
—Th*  Sutkottopt, 


die  hRi(;iiiue<i  for  ilaell'  llie  character  of  a  aiilvKaiUe 
liir  ttudenla,  and  a  iiKrfal  wnrk  for  cnoauliatiou  by 
ihoie  engugrd  ia  practice. — iV   V  Idnt   r»«»4«. 

Thii  la  the  fonrth  edition  <>f  Itrii  "IrTcfv^-illy  popu- 
lar treatise.  Dunoft  thr  inters  <  -  lust  edi- 
tion, It  llu*  hrrn  •iihji'Cled   t><  rfvl»tn« 

by   the  author;    and  all   new  '  •  io  the 

pathoItiKv  and  thet«i>eutic»  ol  vhiMrr;,,  ii:ive  beta 
iticluilril  in  tlir  pr>-«rnt  vnlume.  As  We  anid  t>>  fore, 
we  uo  tioi  know  of  a  better  book  ou  <Ji»rairi  of  cml. 
dren,  and  to  a  large  partot  id  recoininrii<l.ifious  we 
yield  aa  unheaitating  concurrence- — Bvjf'ito  Mid 
lommal. 

Perhaps  the  moat  full  and  complel''  '  ■'•• 

■ore  (he  profeision  of  the  United  Stm.  at 

may  say  in  the  Kngliih  langUiigc.    t(  < 
rinr  tnmoaiof  itapredeeeaaora. — T^aMt^isamukMtd. 
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CHRI3TI30N  (ROBERT),  M.  D.,  V.  P.  R.  8.  E.,  Ac. 
A  DISPENSATORY;  or,  Commentiiry  on  the  Pbarmacopocias  of  Gt 
and  the  United  Stales;  coropriVini^  the  Natural  History,  De!>criplion,  Chemimry,  I' 
tions,  Uses,  and  Doses  of  the  Arlicle^  of  llie  Materia  Medica.     Second  edition,  rtM  m- 

proved,  With  a  Supplement  ctmininiiig  the  tnost  irnporlani  New  Rt;^Iedle^.  Wah  t-ui>i>.>u»  Addi> 
lioQK,  and  two  hundred  and  thirteen  large  wooii-en^ravmga.  By  R.  Eulksfeld  GRirriTH,  M.  D. 
In  oue  very  lar^e  atid  handsome  octavo  volume,  leather,  raised  bauda,  ol'ovef  1000  pagee.  ti  20. 


COOPER  (BRANSBY   B  )    F    R    S 

LECTURES  ON  TEE   PRINCIPLES  AND  *  PRACTICE  OF  SURGERY. 

la  one  very  largv  octavo  volume,  extra  cloth,  of  750  pogeit.    $3  00. 


OOOPKR  ON  DI8LOCATIOX9  AND  FRAC- 
TURKS  OF  THK  JOINTS  —K.litcd  by  BaA.\.«BT 
B.  CoofKR,  F.  R.8.,  Ac.  With  addilionul  Ob- 
aervatiani  by  Prnf.  J.  C.  Wakbk:*.  A  new  Ame- 
rican edition.  In  one  faandconie  octavo  volume, 
extra  cloth,  of  about  500  ftugi-a,  with  naiueroaa 
Ulaitrationaon  wood.    93  26. 

COt>PKR  ON  THK  ANATfJMY  AND  DISRA9E8 
i»F  THK  BRKAST.withtweoly-five.Miwellane- 
<>u«  unit  tiurgicnl  Papers.  One  lari^e  volume,  lin- 
perial  »vo.,  extra  clotb,  with  it^J  6carea,  on  30 
plates.     tH  SO. 

COOPKR  ON  THE  STRUCTURE  AND  DIS- 
EASK8  OF  THE  TESTIS.  AND  ON  THE 
THYMUS  tiLAND.  One  vol.  imperial  Svo.,  ex- 
tra cluih,  with  177  figures  on  29  platca.    ti  00. 


COPLAND  ON  THE  CAUSES.  NATTRK JUVD 
TREAT.MENT  OF  PALSY  AND  APOPLEXY. 

Ia  one  volume,  royaj  l'.!nio.,  extra  cloth,  pp.  338. 
80  centa. 

CLVMKR  ON  FEVERS;  THEIR  DIAGNOSIS, 
PATHOLt^GY,  AND  TRKATMRNT  to  one 
Octavo  Volume,  leather,  of  000  pagea.    •!  SO. 

COLOMBAT  DE  L'ISERE  ON  THK  DISKASB8 
OF  FKiMALK!;!,  and  on  the  special  Hygiene  ot 
their  Sex.  Trunalated,  with  tnnny  Notes  and  Ad- 
ditions, by  C.  D.  5IBIOS,  .>[.  D.  Second  edilinn, 
revised  and  improved  In  one  large  volume,  oc- 
tavo, leather,  with  nuuieroua  wood-euts,  pp.  7M, 
93  30. 


CARSON  (JOSEPH),  M.  0., 

Profeaaor  of  Materia  Meiliea  and  Pharinacy  in  the  University  of  Penniylvaaia.. 

SYNOPSIS  OF  THE  COURSE  OF  LECTURES  ON  MATERIA  MEDICA 

AND  PHARMACY,  delivered  in  the   LTniversity  ot  Pennfiylvania     S<>cond  and  revised  edi* 
tion.     In  one  very  aenl  octavo  volume,  extra  cloth,  ul  206  f>age».    91  M. 


CURLINO   (T.    B.),    F.  R,8., 

Bar^eonUtXVte  Vioni\«xv>&«v9vVa.\.,?mUeTilof  the  Honterian  Society,  fte. 

A  PRACTICAL  T^lgi^k-TX^^  *^>^  \W%^\S^^^^  T^^^^^'^\a,^PF.RMA. 

TIC  CORD    AND  aC'B.OTVJ'NV.    ^c«\^  ^.vaMVRaa^STOWvXit^e^ivft^'^sN&^M^jivsBA'^^-C^rfa^^^Br- 
lioo.     k  oue  tEudnome  ocvtwoNo\u««.,ex\T,.e\oxi.,'*\>.V^x«.««w.>.V\«.M«.v«»..  -v^.^ik.  Ifk.^ 
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CHURCHILL,  (FLEETWOOD),  M.  D.,  M.  R.  I.  A. 
ON  THE  THEORY  AND  PRACTICE  OP  MIDWIFERY.     A  new  American 

from  the  (nurili  revi.MM]  and  enlarged  Loiuloii  edition.     With  Noleitajid  Additions,  by  D.  PitANOis 

CoNDiErM.  D..nulh(>rot  «i  "Priiclicttl  Treadle  un  (he  Dt»eii»«!>  of  Children,"  dc^      With  lUt 

illii«troi)<>n».     In  one  very  handitoiQe  octavo  volume,  leather,  of  nearly  700  large  pages.     $3  SO. 

(iVow  Rtifly,  October,  llsOO.) 

m^A  wcirk  ha»  been  #o  long  an  eslnblifhed  favorite,  both  a»  a  iest-b'>olc  for  the  learner  and  a*  a 
i^liuble  aid  in  c<in»ul<atii)n  lor  the  prneiitioner,  thiU  in  pre-MjnlinjBr  a  new  edilion  il  i»  only  r>ec!«««ary 
1o  cull  alleiitiun  U>  the  very  extended  iniprovenieni-i\«'liic:h  it  ha^^  reivivod  Iliivini;  hdd  the  liendit 
of  two  revision*  by  iltc  author  ^ince  the  lu^t  American  reprint,  it  hu*  bcon  materially  eniurirorl,  and 
Dr.  ChitrchiUV  well-known  cutjvcienlious  industry  i«  a  g:uarunlee  ihut  every  portion  h-is  bet-n  Ihtj- 
roughly  broiiFrlit  up  with  the  latent  reKullH  of  Citropenn  inveftiifalion  in  all  department!!  of  itie  ^ci- 
«'nce  and  art  ol'  obfletrtcs.  The  recent  dale  of  the  layt  Dublin  editii.ni  lias  not  IpI\  much  ol  novelty 
for  the  American  editur  to  iiitrodui»,  but  he  hu»  endeavored  lo  in«*^rl  whulevir  ha»  eince  uppeured, 
lo«[eiher  with  j'tu-b  mailer*  «>  Iji*  experience  ha"!  >hi)wn  liiin  would  be  ile-iruble  lor  the  Anuncun 
Dtudeul,  including  a  lur^e  number  of  illuMrations.  With  the  !«iincii>iu  of  the  author  he  ha-<  added 
in  the  (orm  of  an  appendix,  i^orae  chapterst  from  a  liitfe  ''Manual  for  Midwive*  and  Nur*c*,"  re- 
cently is^-ned  by  Dr.  Churchill,  believintr  that  the  details  there  prcetiled  can  hardly  fail  lo  projre  of 
advantage  to  (he  junior  prni^lilioner.  Tne  result  of  all  these  adilili^«ni«  is  IhnI  the  work  now  con- 
iaitii>  fully  une-hu)l' more  ntuUer  titan  the  last  Aineriean  edition,  with  nearly  oue-hulf  more  iliUfc 
tratiuii?<,  so  thai  n  itwiih«>lati(!n>g  the  u'M^of  u  »uiutler  lyi^e,  itic  vuiuine  cuatains  alin'jo^t  two  buiidi'cd 
pases  (ntire  than  beftjre. 

No  ed'ort  ha*  been  spared  lo  secure  an  tmprovemenl  in  the  mechanical  execution  ot  the  work 
equal  to  that  which  the  text  has  received,  and  the  volume  i»  confidently  presented  as  one  nf  the 
bundsumeft  that  ba^  thn»  far  been  laid  belure  the  American  prolcrssion ;  whtle  the  very  low  pi'i«.-« 
at  whieh  it  isoftered  should  secure  (or  it  a  place  in  every  lecture-room  and  on  every  olfioe  table. 

A  hctlrr  book  in  which  tnlrnrn  thrw  important  |      The  nui«t  iiopnlar  worli  on  mnlwifery  ever  iii(a«4 


|Mijnla  wc  liaventvt  luet  ihiiu  Or.  Ctiurehill'a  Every 
pM|F«  i>r  il  it  full  nf  iDitruction;  thr  opmion  of  all 
wriicra  of  niiihotiiy  ia  given  nil  ()ueaur>ns  of  iJilb- 
Cully,  «•  well  na  the  dirrctiona  and  advice  of  the 
learned  ntitiior  liimaelf,  to  which  be  ndtta  the  reanlt 
(•r  atiiliailicjtl  iuqQir)',|iuttio{;  alatiatica  inttieirpio 
per  piucR  nnd  ^ i  vinj^  lliem  their  due  weight,  aail  n(» 
mule.  Wc  have  never  read  u  bixilt  rnnre  free  from 
profeaaii'Oal  jenlouay  Uiaa  Dr.  ChurchilTa.  tt  aji- 
peara  to  he  written  with  the  trued^aigaof  a  book  on 
tneilieiiir,  viz:  to  give  alt  tliut  la  known  on  the  auh- 
jpci of  which  he  tF rata,  both  tlteorelically  and  prae- 
ticaJly.aDd  toailvniice  aurh  'tpiniotia  nt  nit  own  ai 
toe  bvlievca  will  bfuelil  lacdicnl  ■ricnee,  and  iaaare 
the  Mfety  of  the  (iNtieaC 


I 


''roin  the  Americnn  preaa. — CkarUuon  AUtt.  Journat, 

Were  we  redueed  lo  the  neccaaitj'  of  having;  tiut 
MM  work  oa  midwifery,  and  ptrmittfd  to  cJioou, 
are  would  unheaitutingly  cake  Cburehill. —  IVaiurs 
V'd.  and  Svrg.  Journal. 

It  ia  tiapoaaiMe  to  conceive  a  loore  iiacfiit  nnd 
:legant  miinuni  than  Dr.  Churriiill'a  Practice  i>f 
HtawifM>' — Pravincia.1  SitdUai  Journat. 

CerUiinly,  in  our  upinioa,  the  very  beat  work  on 
ho  anbject  which  exiata. — AT.  Y.  Aiuuiliit. 

No  work  hnlda  a  higher  poaitinn,  or  la  more  de- 


aervine  of  beini;  placed  in  the  huada  of  lit''  tyro, 
.,,    ,  .  ,  the  acivanced  aiudent,or  the  jiractitiouer.— Mtiiirat 

We  have  aaid  enuuj[h  to  I  jfxami'aef 


euavey  «■  the  prikfeaauin  thai  thia  ti>>i>k  of  Ur.  Cnur 
eaill'a  ia  adniiral>h' suited  Uh  ql  bonk  uf  reference 
fur  the  iirHcliiiiiuer,  na  well  ua  a  texl-lHiok  for  tlie 
atudcnt,  and  we  bupe  it  may  be  txteuaivety  pur- 
ehnaeil  aiuongat  r>ur  readera.  To  ttiem  we  moat 
•trocclv  rroitiamend  il.  —  Bttblin  M*diemi  Prttt, 
June '.an,  l&OO. 

To  beatowpraiae  on  a  bnnkthal  haa  received  anch 
marked  approbtilion  would  besupecduoua.  We  nerd 
only  tay,  therefore,  that  if  Che  Gral  edition  waa 
thought  worthy  of  a  favorable  rei-eption  by  the 
medical  public,  we  Can  conGdently  afArm  that  thta 
will  be  found  much  more  »o.  The  lecturer,  the 
praetitiuncr,  and  the  atudenl,  niiiy  all  have  recourae 
to  ita  p'i)(e«,  and  derive  from  their  perusal  luueh  lu- 
tereat  and  inatructii>u  ineverythine  rctalina  tu  tJico- 
retical  and  priirliunl  midwifery.'-l)M6h«  QuarUrly 
Jtmmal  of  MtdUal  Sci**ct. 

A  work  of  very  great  merit,  and  aneb  aa  we  can 
atmfidently  rccominrnil  to  tiir  atudy  of  every  obale- 
tric  practitioner. — London  Medical  Gaxettt. 

Tbia  iaeertainly  the  moat  perfect  oyatem  extant. 
It  ia  the  beat  adivpTcd  for  the  purpdina  of  a  text- 
book, and  Ihftt  which  he  u'hiiae  ncceiiiliea  confine 
hicn  to  one  h<Mik,  thould  aelcct  in  prel'erence  lo  all 
Othera. — SaulluTn,  Midicai  and  Surgiral  Joumat, 

By   THE  8AMK   AVTIIOR.      (Ijltttdgf  Puhlllfu'd.) 

ON  THE  DISEASES  OF  INFANTS  AND  CHILDREN.    Second  American 

Ediliim,  ivvtsed  and  enlarged  by  the  author.  Edited,  with  Notee,  by  W.  V,  Keatlnq,  M.  D.  In 
one  large  and  handsome  volume,  extra  doth,  of  over  700  pagea-  t3  00,  or  in  leather,  $3  25. 
In  preparing  thin  work  a  second  lime  for  the  American  prolession,  the  author  has  spnred  no 
labor  io  giving  it  a  very  thorough  revision,  iulroducing  Mveral  new  chapters,  and  rewriting  niherr, 
while  every  portion  of^the  volunw  ha*  been  subjected  loa  severe  -cruliny.  The  efforts  nf  the 
American  editor  have  been  directed  lo  ttnpplying  such  information  relative  to  matters  peculiar 
to  thi»  country  a»  might  have  escaped  ^e  atlention  of  the  author,  and  the  whole  may,  there- 
fore, l>e  safely  pronounced  one  of  the  most  complete  work*  oti  the  subject  accessible  to  tlie  Ame- 
rican Prufeitiiion.  Hy  an  alterati4m  in  the  size  of  the  |>age,  the<«  very  exteuHive  additioas  have 
been  acooniiuodated  withuul  unduly  increasing  the  siice  ol  the  work. 

0  BV  THK  a  A  MR    ATTTHOR. 

ESSAYS  ON  THE  PUERPERAL  FEVER,  AND  OTHER  DISEASES  PB- 

CULIAK  TO  WOMEN.    Selected  from  the  wriiingsol  British  Authors  previous  lo  the  oloae  of 
tiu9  Eighteenth  Century.    In  one  neat ootavo  voluine,  extra  oloilx,  ot  about  4S0  pikgea.    ^  SO. 


Previnuaeditiona,  uader  the  editorial  auperviaion 
of  Prof  R.  M.  Hiiat<m,  have  hern  received  with 
marked  fHVor,  and  they  deaerved  it;  hat  thii,  te- 
printed  from  a  very  UtB  Dultlio  edition,  curcfuPly 
reviled  and  brought  up  by  llienuthor  to  the  iireirnt 
timc,dora  ji-rrarnC  an  urmaiially  necurittc  nnd  ithle 
expoaition  nf  every  im|HirLtiot  purtirulnr  cmtirncrd 
in  tlic  drpartinentiif  miilwlfcry,  «  •  The  clcartieai, 
dirtrotnraa,  and  preeiiion  of  ita  teachin)(a,  toKelher 
with  til*  great  amount  of  atatiikical  research  wliieh 
Hi  text  exhibiti,  have  aerved  to  place  il  ulrciolv  lU 
tlie  forentoit  rank  of  worica  in  thii  depiirtmcnl  of  re- 
medial acieace. — N.  O.  Mid.  nmd  Surg.  Journal. 

In  our  opini^m,  it  forma  one  of  the  beat  if  not  the 
very  beat  lext-bnokand  epitome  of  nbalflrie  aeieaca 
which  we  ul  preaeut  poaieaa  in  the  HnKliah  Ian- 
faage. —  Montkiy  Journal  «/ Mtdieal  iteuact. 

The  clenmcia  ttnd  preeiamn  of  atyle  in  which  it  ia 
written,  and  the  ^(rcnt  amount  of  aL-ili at iciil  ri-aeareh 
which  it  contuini,htive  aerved  t«  plin-e  it  in  Uie  Grtl 
rank  of  worka  in  tins  ilepnrtiui-alof  medical  acieocc. 
—  If.  Y.  Journal  of  Mtdicin* . 

Few  treatiaea  will  he  foand  better  adapted  aa  a 
text-book  fi>r  the  atudenl.  or  aa  a  manual  for  itaa 
freqaeat  conaultation  of  ilie  young  praetitioaar, — 
^rruricaa  M'diral  Joumai, 


•  LAVCflAftD  tr  LKA'a  MSOICA^ 


CMUACNIt  <:TWOOCN 


whiWtWpnar 

■  •■t««l 

"<*<  %«t  jnrtiMa 


iMy,««vMr  tMaawrS'    rii—  — ■  pr.  c— e»^  ^iM 
iteraiMM(«tt«MMa»^    ■•«  H  aHf  M  e«fliMaa*itf  ^  9 


k«Mi 


•«t4*  wtiM  w» 


KI,KM! 


»r,IMy.     I  other  rh«i  k«*  ever  It 


DICKSON  '9.    MJ,    M.O., 

J 'f«rw«  M«Ac«l  Ccflc^, 

[.endioos  View  of 

•■A  :'l  LiL-.mioa.    MbmmhI  MtUkm,  rtjyM<A 


tKUtJJMT.         L'l--tUC 

«(  n-(|iiJ«ite  lor  tiM 

..  ..1...  ,.  .1    ,„  >i.^  .t-.i 


of  the  aaCkcr  naAMtti 
■  rujnttic*iio> 


.;.    .  .  a  uiid  bruugrhl  up  in  the  dM«  of  fAlintwm 

airciuly  Hoquireti  a*  a  uoudeuoed  um}  ouatneaKSl  jLaen^a* 


#-*-I'T>V 


DRUITT   (ROBERT),   M.R.C.8.,    ite. 
TIIK  ritlNCiriiKS  ANf>  ""  V'"i'i'''':  OK  MODKHv    ^.' 

ntiil  fpvt'ril  AiiuMiriitt  rf<rtn  lli'  iinil  irnprovfit  L' 

liiiir  hiinilrHil  Htitl  iliifiylwo  vv  In  on««  very  h»'>' : 

iMMtlrur.iil  min(y  700  l«iKt<  |MKit.i.     »:t  ./O,     (Mvt»  Ii*^y,  OcuAmt,  lb<Ai.) 

A  wi.rii  wtiii  h  lll«B  lHnnrr'n  StinuKiiY  liim  f\>T  fio  miinv  ynr«  iiiRiiilamtrH  fhr  p<«ttftin  of  •  >e«4- 

litK  (iiviirilM  wild  iill  i<lii«M'i«  tif  thu  prulpr^iun,  iKH'd*  nu  •  • 

III  H  ri'VI'Kil  i-<tiniiii       It  i»  iiiily  iiirri»niv  )<>  *lulc  llini 


Wrtirk  ii|i  III  n^ 
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I  rfiMiluiiim  ol  |>ii*»<Miitn|f  in; 

iifDI  «il  *ni'ti*<ry,  cimaiilri'i'it  luiib  ai  u  ■ciencx;  nnd  ii 

niiTlrHii  rililiir  Imvr  Iwfn  riojiNiVnl  lo  inlroduo*"  w  I 

I  o  lo  the  .\ 

MM  I'.'    Iil^'1   All 

llM     _  •  ,  I  .    '  miK  in  n  v.;  ■  , 

hti|iriiVniii|)«il.     'i  III*  t'kU'iit  ill  ltta-»i<  iwliliHi>ii«  iiiuy  Im' i.'i^itiiuiloi)  from  Ihu  luet   limi 

Htmiil  onw  Itilril  inoiu  iiiuiU'r  tliiiii  lint  piwiiiiiii  Aiiirrii'uii  i*ililiuii,  und   iliiil  nolv 

lll|ll|llll>h      ■  '         '  ■'  *)ilVf<  lw«Mi   iniTi>ii>i:'  '  ■       !      •-'      ■    -    "^  ■■-:   'rrj,  WlillC  I 

liMliilii'ii  "  iiiIiIimI  to  llie  !(>'< 

A  iiiioi  .   (M-ririviul  itt  III"   1  ic-ttJ  ex«?cuJ»oo  u/ tfce 

Wiirll,  mmli,  |<iiuli'il  III  llii  k-»l  ^^\l^^  on  tlfW  Uft*",  niic!  I'mu  iiujKr,  ltu\  cs  lilllff  to  lie  Jr  •«T»«J  •» 
h*|(i*riU  cxioiiiiil  riMi»li;  \^hilo  at  tliv  very  low  prico  atQxcd  it  will  be  found  oac  uf  (bo  chcvpMl 
tiiluini**  iiciHfMnililtt  lit  till'  priilr»Bliin, 

Till*  lo'piitMr  voluiiiK,  now  M  iiioti  romprrliKnaive  nnthtnir  of  real  pitiflieal  intportaacw  tiAabMaMii^ 
%»nili  I  ii  iiiiui-u  ,  l.-i.  iiii.1rf|(..|ii-  in.iin  >>..riivt|ii|i».  (IH(  i  tt  pretrnla  n  Ciittb<'alepit-i:7ie  nf -v*r)tikMlf  •*> 
kiii.i  o  iiuii     Inline  t  •  4ut|f-ty  up  to  th«  firt  U  M  *i^ 

III.  VII  li<     trrtrdlv  H  p>M>ul*'  m*nui*),   '  -  mImtmM 

Ih.  ■...iid     mi.l  iirmMiti.'ijkT.  —  L<nJ^m  /  - .  ,  iv,  tafli 
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DALTON,  JR.  (J.  C),   M.  D, 
Priifeuor  of  Pbyiiutuf^y  in  ibe  Colleifc  o(  Phyatcimjt*,  New  Vnrk. 

A  TREATISE  ON  HUMAN  PHYSIOLOGY,  designed  for  the  U30  of  StuJcDts 

and  Pructiiioner*  of  Medicine.     Second  edition,  revised  ant]  enlarift^d,  willi  iwn  hiiiidrvd  mul 

peveniy-on<.'  illustrations  nn  wiind.     In  one  very  bcantiftil  oolavu  volume,  of  700  pti{$eH,  exiru 

cloth,  $1  00;  leather,  rnijfd  bajuls,  5-1  'ill      {Now  Remly,  March,  IWOl.) 

Ttie  general  favor  which  ha»  i-o  soon  exhumated  an  editioa  oi'  ibii«  work  hits  nfTi^rded  tbe  auihor 
■n  opportunily  in  it!«  revision  ol  »tipplyirig  llie  deiicieuctes  M'bich  rxi»ted  in  the  fortiter  voldiiie. 
Thi^  lni?>  pau»e«]  (he  iuwrtioii  ot  two  new  chuplprs — one  nn  the  Spt-eial  SeiiH^!«,  ihe  other  on  Im- 
hibitiiin,  Exhalation,  nrid  the  Finiciiuiiit  of  the  Lyiniiimlic  System — Iwsides  ijuineroo-*  ui'dilloiis  xf 
«niiiller  annmnl  ^t-atlen-d  iJiriiu^h  lh«3  work,  aiul  a  ^'euernl  revi.iion  de.'ig-iii'd  lo  (jritig;  it  thoroughly 
up  to  the  prcM^nl  conditii^n  of  the  i^cientx)  with  rt;;;urd  to  all  poiiU»  wnieh  in>ty  Ik;  conf^idered  ni» 
dcfiuirely  »eitiej.  A  number  of  new  illustrations  hu»  been  iiuruduced,  and  Ihe  work,  il  if,  hn^d, 
ill  ii«i  iiaproved  form,  may  cuiitiiiue  lo  uomniuud  the  coufideuce  of  i1)ojk;  for  vrhuve  uso  il  is  in- 
tended 

It  will  be  Ken,  therefore,  that  Dr.  Dnlton'a  beit  own  nriglnnl  view*  anri  experimenli,  tonetlter  with 
(tT'Hli  have  b<?en  djreolcd  luwruTaa  pcifrcling  hii  a  dciire  to  tupply  wluit  he  coj-.aiiiercit  ai>inr  deftricin- 
wiirk.  'I'lic  MddttioDi  nro  inurknl  liy  tnc  t^tne  ftit-  '  cict  id  the  lint  eoition,  hnvt  ntrendy  made  the  pre- 
turei  which  chttrncrtrnze  the  renminder  of  the  vi>l-  tent  i»ne  n  nreraiity,  and  it  will  nn  dnubl  hr  evnn 
umr,  and  render  it  by  far  the  mnat  desimhle  Icxl-  '  mure  ennerly  anuKht  for  Ihnn  the  ftrat.  That  it  i« 
biMik  on  pbv*i'il<)gy  to  pluca  in  the  handi  of  the  not  mt-rrly  n  reprint,  will  bo  a<*tu  from  the  iluCliiFr'i 
Riiti't-Qt  winch,  ill  far  o«  we  are  aware,  exiati  in  ■r)il<iii»nt  i>f  tho  fninwirig  priiicinal  n<ldilion«  Kn>l 
IJic  Kr|[ilBh  lan^u.tge,  or  perhaps  in  any  other.  Wo  altciH'iooB  wliicli  ho  hai  made.  The  prr.ai-n(,  like 
tbcTi-fiire  have  do  heiitation  in  rccoiiimendiiig  Dr.  the  Brat  edition,  is  pnotcd  in  the  hi)(heKl  alyle  nf  ihe 
Dultuu'i  hook  for  ttieciunaei  for  which  it  ii  iiilend-  nrinier'a  an,  and  the  illualiatiiinf  are  truly  ad  inton- 
ed, aatiaficti  ai  we  are  that  it  ia  better  acapled  to  ule  tor  their  elrarne*«  in  expretkiriK  ex'tctly  whi«t 
liieir  uie  than  any  other  work  of  the  kind  to  whieh  their  author  intended. — Baslon  diidtcal  amd  Surgi- 
they  have  acce»a.-'/(m<rican  Journal  of  ikt  Med.    cat  Jonmal,  March  'J9,  IHIl. 

SiitHttt,  Apii\,  leoi.  It.-  ••■.,■..,. 

I  I' il  anneoeiiary  (ofive  a  detail  oflheadditinni; 
It  il,  therefore,  no  diiparagemect  to  the  many  lulTlce  it  toitay,  that  ihey  are  nuinTmi*  uud  import- 
biiiiki  upon  phyiioliijjy,  nioal  exceliertt  ia  llieir  day,  ant,  and  auch  aa  will  render  the  work  atiJl  tn^re 
U>  aay  thai  Dalton'a  la  the  only  one  thai  gi  vea  tia  the  valuable  and  aeeeptahle  to  th«*  prnfeastott  na  a  learn- 
acieore  aa  it  waa  kn^iurn  to  llie  brat  |iliil<>a<>phera  e<t  ami  ori((ic4l  Ireatiaenn  Ihi*  all-imporlHnt  branch 
throughiiut  Ihe  world,  at  the  beginning  of  the  cur-  of  medicine.  Alt  that  waa  aaid  in  coniuitndaiion 
rent  year.  Itstalei  in  einnprebenaive  but  coariaa  of  tlie  (cettinfc  up  of  the  liral  edition,  and  the  aiiperinr 
dietioa,  the  facta  eatabliahed  by  rzpertmsnt,  or  i  ilyle  of  the  dluatrationa  apply  wilh  r.jiial  foirc  tn 
other  nirthciil  of  dFiio'nitottinn,  and  drtailn,  in  an  tlna.  N'n  belter  work  on  phyaOil>>Ky  can  hr  phieral 
Dntleratnndatile  mannrr,  bow  it  la  done,  but  abilaiiia  in  the  bond  <>f  the  aladent. — St.  Louit  Mtdittil  and 
(torn  thediacuaaiouut  unaetltrd  or  theoretical  p'dnti.    Sursttal  Journal,  May,  1^1. 

Herein  il  it  unique;  and  theae  characteii.lica  nn    ,      tij^^  addition.,  while  tea  ifyinir  to  the  learning 

render  the  hi'ok  oiceed- 

lete  ejipntt  nf  a  »fi- 

'  lUbileaa  the  nblea': 

r    ,  ,.         ,    ,  , .,  .  r«preieatative  on  thia  aide  of  the  Atlantic.— A«i« 

ci.rreft  p«thol.,(?uvB|  knowledge;  and  thia  in  turn  la    0W««a#  lS*d   Timti,  May,  1861. 


Herein  it  it  unique;  and  theae  characterialica  nn  .  Tlieae  addition,  while  tea  ifyin 
uer  It  a  ten-book  wiihoiit  a  riv*l.  for  tboao  who  ^^^  indnitry  of  theautdor,  render 
deiire  to  atudy  phyaiol-gicsl  ac.tnce  aa  It  la  kmrwn  i„,|y  „„(•„(  „,  t^e  moat  comidetc 
to  ita  mi<at  lucceailul  eumvatora.  And  il  la  phyai-  ^^^^  „(  which  Dr.  D«!toa  t«  doi 
oi  ffy  thai  preaented  that  lies  at  the  Hmiidation  of    repreaentative  on  thia  aide  of  th 


Ihe  bMaia  of  riilional  Iherapeutica;  au  ttiat  fiinthjlo- 
gy,  in  fact,  becomra  of  prime  importance  in  the 
proper  diicharge  of  our  every-day  practical  duiiea. 
—CintiHaali  Lancet,  May,  letll. 


A  ar cond  ediimn  of  tbii  deiervedly  popular  work 

having  been  called  for  in  the  abort  apace  of  lw<> 

yeara,  the  uuth^>r  hua  aap{  lied  deficieneiea,  wliiaii 

exiated   in  Ihe  former  volnm;,  and  hxa  thua  nmrti 

Dr.  Dalton  nreda  no  word  of  praiae  from  tia.    Ila    ennipletely  fulfilled  hia  deaign  of  preacn'ing  l'>  the 

il  univerially  recognizee  aa  among  the  firat,  if  not    profeaiion  a  reliable  aniJ  preoiie  text  txiok,  and  one 

the  very  fiiat,  <if  Ainericon  phviiologitla  now  living,     which  wr  con  aider  Ihe  beat  outline  on  the  auhiecl 

The  &rat  edition  of  bti<udinirahle  work  appeared  hut    of  which  it  treata,  in  any  Unguage iV.  Jmttican 

two  yeara  ainee,  and  the  advance  of  acience,  hia    Mtdtco-Chirurg.  Rtvitte,  May,  le6t. 


DUNGLISON,    FORBES,   TWEEDIE,   AND   CONOLLY. 

THE  CYCLOPAEDIA  OF  PRACTICAL  MEDICINE:  comprieing Treatises  on 
Xhfi  Nature  and  Trentment  of  Di^ea^e*,  MatertH  Medico,  and  TherBpetirics,  Dutea-iee  oi"  Woniea 
and  Children,  Medical  Juriiiprudence,  tec.  Ace.  In  four  large  *up<?r-roya|  octavo  volumes,  of 
3254  double-coluDined  {>ag«B,  i^iroagly  and  ttand-Kimely  boiutd,  with  r)#>ed  bonds.  $12  00- 
*0*  Thib  workcoiilainf  no  iei>6  than  lour  hundred  and  eighteen  diititnct  treaties,  contributed  by 
•txly-«iglit  dial iii((ui»lied  phyaickui«,  rendering  it  a  completo  library  of  reference  fur  tlie  oouolry 
practitioner. 

The  editora  are  prnctitionera  of  eilaMlihed  repq- 
tJition.aud  (he  Hii  <>f  cootributori t>mhnice«  many 
of  the  m'ift  eintnenl  profeaaoraand  teacheri  uf  Lon- 
don, Edinburgh,  Duldin,  and  Glaagow.  It  ia,  in- 
deed, the  great  merit  or  thii  work  that  theprineipal 
article!  have  been  furniahed  by  pructitiouera  who 
have  not  only  devoteO  eipecial  attenti<in  to  tbe  ilii- 
eaiei  aboot  which  the)  have  written,  bat  have 
alio  enjoyed  opportunitiei  for  an  exteuiive  pnictt- 
cal  acquuialanee  with  them  aiiiJ  whoar  rcpiit:ilioa 
earrlea  the  utau ranee  of  Iheu  Cuinpetrnvy  fuatly  to 
appreciate  the  o]iiiiioni  of  othera,  while  it  atumpa 


The  moat  complete  work  on  Practical  Medicine 
extant;  or,  at  (eaat,  in  uur  langaagc— £a^a<o 
MtdUal  and  Surfital  Journal. 

For  reference,  it  ii  above  all  price  lo  every  prae- 
tit\oucT..—Wiittm  Lanctt. 

One  of  the  moat  valuable  medical  publicationa  of 
tbe  day— «a  a  work  of  reference  it  ia  intntluable.'^ 
Wnltm  Journal  oj  hitditint  and  Surg»ry. 

It  haa  been  to  ua,  both  aa  learner  and  teacher,  a 
work  for  ready  and  ffer|U«nt  fefercnoe,  one  in  which 


ino<lem  Kiiglmii  mrrdicine  la  exhibited  in  the  moat    ihcir  own  dcH'trinea  wilt  high  and  jual  authority.— 
advantogcoui  tight. — AUdieal  Examintr.  A>n*T<ean  SftdUai  Journal. 


DEWEES'S  COMPREHENSIVE  SYSTEM  OF  | 
JUIDNVIFERV.  Illuatriited  by  occaaional  caiea  ' 
and  many  engravinga.  Twelfth  edition,  with  the  i 
author'i  laat  improvemcnta  unit  correction*  la  i 
oneoetavovoluine,  extra  cloth. of  6«)UpHgea.  93'iU.  1 

OKWECB'S  TREATISE  ON  THE  PHYSICAL! 


AND  MEDICAL  TREATMENT  OF  CHILD- 
REN. The  Inat  edition.  In  one  volume,  «>clavo, 
extra  elolh,  6it*  pagea.  f^  m 
OE\VEE!<'S  TREATISE  OS  THE  DI8EAFF.8 
OF  FE.MAl.KS.  Tenth  edition,  la  one  volume, 
oeuvu  extra  elutb,  &Xi  pagea,  with  plate*.  S3  UU 
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BLANCHAHD  k   LBA'9   MEDICAL 


DUNQLISON    (ROBLCYI,    M.  D., 

Prof«Mor  of  Inatitutei  of  Mcdicin«  m  tbe  JelTemm  MediMiI  Collef e,  Philulelphia, 

NEW^  AND  ENLARGED  EDITION. 

lifEDICAL  LEXICON;   a  Dictionary  of  Medicnl  Science,  containing  a  ooncue 
Explunaiion  of  the  varioUH  Subjecls  and  Term*  of  Anatomy,  Phy»iolncy,  Pelholofy,  Hyfrveneiyj 
Therapeutics  Phurmooolotrv,  Pharmncv,  Surgery.  Obi«letf  ic»,  Mt-dicaJ  Jiiri^prndence,  LVntitttr 
ii-v.     Noi(<-e*  ol'Climnie  aiul  of  Mineral  Wnter*;  ForniuliE  for  OfBcinal,  Empiripul,  and  \)i 
PrepnraiionH,  iVc.     With  French  iind  i»lher  Synonymes.      Revi-^d  and  very  grvaily  enli 
In  line  very  lar^  ntid  haild^ome  «>clnvo  voliiine,  ot  W'i  double-columned  po^fc,  la  Miialll 
•trongly  bou»d  in  leulher,  with  raised  band*.    Price  S4  00. 

E'periol  rnre  hn*  been  devoted  in  the  preparation  of  lhi»  edition  to  render  it  in  eveirt*  reiipeot 
worthy  n  e«intit«iHince  of  the  very  remarkable  fnvor  whieh  it  ha*  hitherto  enjoyed.     The  raj  *^ 
»iile  of  FirrvEN  lurce  editions,  nnd  the  con«tHntly  increaying^  demand,  »how  that  it  i»  reyardeJ  i 
<>  .  II  a<>  tbe  I'tondnrd  anihority.     •Sliiniilnted  by  thii)  ioct,  the  author  hn^  endeavored  T 

1  -ion  to  intnidiu'e  whatever  miKhl  be  necessary  "  to  make  it  a  faili»fBt;lory  and  i" 

U..  .  .■:  .iidi?-|x>n!inl>le— lexicon,  in  whiih  the  Mudeut  may  Karch  vrit  bout  disappoint  m 
every  term  that  ha»  k'en  lexitimated  in  the  nometiclaiure  of  the  M^ienoe."  Toaccomplis 
Int-jTi*  iidHitiiMi*  hftve  l>e»"n  friind  rer|nisite,  and  the  extent  of  the  author'*  labors  jnay  be  ei»ij 
]  '  "■        -AND  fubjecls  and  terms  have  been  intrcJ  it, 

«'  .^n*  about  Sixty  Thoi'sa?id,  to  occomn' 

(:.  ,    ^  I   'ynenrlvn  hundred,  notwithKiandinfr  an-' 

ol  the  pnire.     Tbe  meilu-aj  pre^?,  both  in  thi!>  country  and  in  England,  }ir!>  priMi<»itii-rd  the  vrnrk  ffl- 
(]i>fien!>able  In  all  medical  students  and  practitioners,  and  iba  pieiMfot  improved  edition  wdl  not  to-i 
Uiut  envial^le  reputatitio. 

The  piihli»'hcr>  hnw  endeavored  to  render  the  mechanical  execution  worthy  ftf  a  volume  ot  *uc.k  \ 
univFrxnl  uoe  in  dudy  reference.     Tbe  )trenie»t  rare  hn»  been  exerci.«ed  to  obtain  the  lypiwrapkiw 
■eourncy  k)  necesmry  in  a  work  of  the  kind.     By  Ihe  »mall  hui  exceedinsrlv  clenr  tx-pe  pm[   ^^ 
an  immense  amount  o(  matter  i*  c«>ndensed  in  iti*  thourand  ample  pa^e«,  while  the  fiindin(t  i 
luund  strong  and  durable.     With  alt  IheAe  improvement*  aird  enlar^vmealtti  the  priue_has  beetti 
at  the  former  very  moderate  rate,  placmg  il  wilhto  Ihe  reach  of  all. 


Thii  work.  tli<>  •cpearonre  wf  lh<?  (in  I  '  •■n 
of  wliicli.  il  liiia  liefonip  »ur  duly  ;ii,  !'• 

■  ntrunrr,  in  (vprhnpii  the  mn».t  itupen.^  -'it 

•  •'  i   rru<1lliiin   irj   mMllcal    lltcrJiMrr       Ojir 

,  aupiioiKr  Bl'Cer  copftaot  a»e  of  the  pro- 
1  ■  im,  wlicrr  wc  huve  nrver  fHJiH  t"  fimi 

D  Miili'i'ii'l)  full  tijilnnalHiBf'f  ever)  mt^icnl  ternii 
llmt  in  liiii  e<titii<n  ^'nhoul  tir  thou»anH  nvbjtrlt 
mttrt  termt  Kat>t  ^»m  mljltJ,"  with  «  carr-ful  revitwn 
aii<l  ci>rri-pii'>n  ("f  the  ••ntir*  wnrk.  It  ii  "nly  n*ori- 
aury  to  nuuniinr'n  tlin  Rdveiil  *>(  thii  rditinu  to  mnke 
it  iiccLtpy  the  plrtce  of  tlir  prppetlingMue  on  rhe  table 
of  every  inmtipiil  innii.  h*  it  is  witlmiil  dniiht  the  l>cat 
and  moiii  rmnprfhritaivr  work  of  tlir  kind  wliirh  baa 
ever  uppcarfd.—B N^oio  M(4.Jpum.,  Jan.  lbS6. 

The  work  t*  a  monamt-nt  nf  patient  reaeareb, 
Ailfot  jodirrneiit,  and  vml  phyaical  labor,  tlml  will 
per(i«tuiile  tbe  o.imc  nf  tbe  nuthor  more  elTFCtanlly 
lliau  nay  poaaihlr  devirp  of  al'me  or  inrtal.  Dr. 
Diingliaon  devprvra  the  itinnki  aoi  nrily  of  tbe  Ante- 
Ttenn  prorewion.  but  of  the  wholi-  tnnliful  world.— 
florth  AfH.  Mtdteo-C/tir.  Rtoittp^  Jan.  l^^. 

A  Medical  Dicii«tiary  better  adnpted  for  Ihe  waata 
of  the  profe««i«n  than  nny  ottier  with  wKicli  we  are 
avquainleil,  aod  f>(  a  ehnracter  which  plaee*  it  far 
alxive  cdinpariaon  aud  (.■ompetition. — Am.  Joum. 
Med.  ScitHtet,  Jun    It:^. 

Wc  need  only  aay,  that  tfc  addition  of  8,IHK)  new  | 
tcrma,  with  their  neri>inpanyiiifr  definitioua,  may  be 
anid  to  eonatiiutr  a  new  ivork,  by  itaelf.  We  have  I 
exninined  tiie  Dictionary  nitentively,  and  are  mo«i 
hnppy  li>  pronounce  it  unnvnlled  of  iti  kind.  The 
eruitition  diiplayed,  and  the  exIrMorriioary  indiiatry 
whit'ii  inuai  fiHVr  lircn  deciiandcd,  m  iH  prep*raiion 
and  perlcctioD,  rnlound  lii  Ihe  InitinK  rredil  u(  ita 

•  ullior.  and  have  forniabed  oa  nriih  n  volume  indi-i- 
j"it:>nblr.  Ml  the  preaent  day.  In  all  wlu>  Would  find 
llirtnielvei  au  utvtau  with  the  hiclieat  atnxidarda  of 
medical  information.— BMioa  MtSit«.l  and Surgito-l 
/0«rna{,  Dec.  31,  1Ki7, 

G<K>d  lexicon!  mi 
are  the  moat  laboi 


rary  men  en/oji' ;  u 
produce  them  in  ttir  ; 


iki  jtenerally, 
'  «  which  iite- 
19  required  In 
f  this  example 


la  aumetliing  appalling  lu  contemplate.    The  author 


tell*  Dt  in  hi*  preface  that  he  hat  adO'  '  i 

ttiotiaand  terms  nod  aubjecia  tu  tliia  rtl  ' 
Ifforr,  wna  coniidered  universally  a*  ti  -  i 

of  the  kind  m  any  laAguaxe. — StUimMit)  Voh'ixJ, 
March.  IMS. 

He  hni  razed  hia  rlinintic  fitmrture  t,-'  the  foq 
tioni,  and  reinodelled  and  ■  - 
pile.    No  leu*  than  fir  Mov 
and  terma  are  illoilraled  iuj'I      . 
edition,   twelling   the  grand   hki: 
aiftty  tbunannd  !     Thua  ia  place<l 
aion  a  eitmplete  and  thorough  cxp 
termino1<kgy,  withoat  rival  or  p-naibiliiy  «i  riratTT. 
— KmthvilU  Joi0m.  of  Mid.  and  Smrf.,  Jan.  IM8, 

It  ia  u'--' ■" I..;.  ,-1-.-- '    ..._..,.   _-    .._, 

thia  wi'i' 

pittr   M . 

The  uin>'inji  '•!   1I1...T  \v  Mil  M  [[KMiim  i:iL"  ni»iM  ti  i..;i;Mit 

haa  tx-fttowed  ii|HiD  it  ia  truly  womietful,  and  tiM 

IcMrnin^  jind  rejritrrh  diaptuyed   iti  it*  f>fervtrftUi 

are  e<ju«lly  remarkable.     Commrr  ■ 

lion  are  unncc<-«sary,  hi  do  one  m 

thinkaol  purrliiiRiog  any  other  .M- 

Ihtn  thia. — SI.  Lomi  N»it.  and  burfj 

insa. 

It  ia  the  foundation  atone  ofa  goo<l  medical  libra* 
r)',  iiiiil  ahuuld  al  waya  be  incluOnl  ia  the  bral  lut  uf  j 
bfHika  purchased  by  Uie  medical  aladent.— ^m.  Me4%\ 
MentKt^,  Jan.  IKitl. 

A  very  nerfpcl  work  of  Ihe  kiod,  andaitibledly  tht 

inoal  perfect  in   the  Knxliab  language Mtd,  aa^ 

Sar*'.  /,..—  ►    I  ,.!    ?»5iS. 

Il  il  n  illy  (A«  Medical  Dicttonarr  of  1 

the  BngL  .  Hnd  fi^r  it  there  ia  no  atibalt'^i 

tute— A    H    M- 1.  Joufn.,  Jan.  1S38. 

il  in  acarceiy  urcesaary  to  remark  thai  imr  medi- 
cal library  woritltig  a  copy  of  Duneliann'a 
muat  be  iiiperfect. — Cin.  Lanttt,  Jan.  183h. 

We  have  everconaidcre*!  it  Ihe  beat  auifaoritypa^l 
liihed.nnd  Ihe  preaeat  edition  we  may  ufely  aray  liaci 
ijfi  equ.il  in  the  world. — Ptnim*Mimr  M*d.  J^urwUA 
Jail.  IIS58. 

The  mfiat  complete  aathnrily  no  the  aBbleet  to  htt\ 
found  in  miy  language.—'  Ta.  tS€d.  Jcmrmml,  Fab.  'Si*\ 


BY  THB  BAMS  AtTTHOk. 


THE  PRACTICE  OF  MEDICINE.    A  Trettise  on  Special  Pathology  aod  Tb* 
rapeaticft.    Ttaud Edvviou.    Va V'woWt^o»AMt>^dMsti«k,Nii:axV««,ttC  1.^500  jajta.    98  aft. 
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DUNGLISON   (R.OBLEY),    M.  D., 

Profeator  f}(  Inilitutri  nr  Mediciov  in  the  /ffffrion  Medical  College,  Philadelphia. 

HUMAN    PHYSIOLOGY.     Eighth  editloa.     Thoroughly  revised   and  exten- 

mvely  Jinidilit'd  ninl  entHrg«*d,  with  five  hunclrpcl  and  thirly-two  illiij^trations.     Id  two  large  imtl 
handsomely  printed  octavo  volumeK,  lealber,  ufabutil  1^0  pages.     $7  00. 

In  revi'tnR  ihi*  work  fur  its  eighth  appearance,  the  author  ho*  spared  no  laborfo  renderi!  wnrlhy 
■  cotUinuHtfe  oflhii  veryftreat  favor  which  hati  been  extended  to  it  by  the  prnrei*>>ion.  The  whole 
conteiitc  have  been  reurrHit^ed,  and  lu  ai^reat  extent  remodelled;  the  inve>»iigationft  which  of  late 
year»«  have  been  so  numerous  and  *o  importani,  have  lieen  carefully  examined  and  iiirorp>nit#»tl, 
■ud  the  work  in  every  re^^pect  hn«  been  broiijcht  up  to  a  level  wiih  ih'e  present  slate  of 
The  oii)eot  of  the  aiiihor  hnji  l»eon  to  render  ii  a  concise  but  coinprelieuHive  treatise,  C' 

whole  IkmIv  of  phyMoiogirnl  wienee,  lo  whioh  the  eitiident  and  mun  of  science  can  at  aK  : -■.f 

with  the  eertainly  of  tindnii^  whatever  they  are  in  March  of,  fully  prf;««nied  in  ail  il»  aspecis;  and 
on  no  former  edition  ha»  the  author  beotowed  more  labor  to  secure  Ibiit  result. 

The  bctt  work  of  the  Jdnd  in  the  Engliih  Iti- 
gnnK«. — Stllirnnn*!  Jounml, 

Tiie  present  edition  theaDtlicir  has  mode  a  pcifccC 
mirriir  itf  the  ncipnce  hi  it  ia  at  the  prr»ent  bnur. 
Ai  <»  w<"rk  uprin  phyaiiOogv  pmppr,  the  icionL-e  of 
tll^funl:■ti<lIIllp«'rf<>rnlf<{lly  th<'  lunly,  tlientuiltinl  will 
ftnd  It  all  he  wisliea. — Nasltvillt  Journ    of  Mtd. 

That  hr  hai  auocecded,  niiiiladmirahly  succeeded 
in  Ilia  purpose,  ia  an(i»reul  frum  the  upiicarNQce  <•( 
an  eighth  eel  ttloD.  It  la  now  theffrontenc;'i-lii|>ipdia 
OD  Che  lulijccC,  aad  witrlliy  of  a  piuec  lu  every  phy- 
aiciaa'i  library. — WtUtm  Lmutt. 


We  believe  that  it  enn  truly  be  iHid,  nn  more  cnm- 
plete  repfHory  of  incta  iicion  llie  aul'iject  treutrd, 
can  aay  where  be  f<>uii>i.  Th'-  niitliot  Ima,  mureover, 
tliat  rnviHitle  tMct  nt  deacnptton  nod  tbnt  facility 
and  our  of  expreaaiim  whirh  rrndf^r  liiin  |ieeuli>irly 
acceptiilile  to  the  caauul,  or  the  atudlnua  reader. 
Thii  fitculty,  so  requjsite  in  aotliofc  furtti  maoy 
f  raver  mid  leas  atlracMu'c  euhjicrt*,  lepd*  addilinnal 
eliarms  tti  ooe  always  fHSLMaaliag. — BmUm  M*d. 
amd  Surg.  Journal. 

The  mnat  complete  nait  aatiifaetory  ayatein  of 
Phyaiology  in  the  Eagliaii  language. — Jbiur.  Mtd. 
Jtum^l- 


I 


BT  TRK  SAHX  AUTHOR.     (A  n»u>  edition.) 

GENERAL   THERAPEUTICS    AND    MATERIA  MEDICA;   adapted  for  % 

Medical  Texi-hook.  Wiih  luffexo*  of  Kemediei*  and  of  Di^ea^en  and  their  Remedie.'s.  StXTH 
EniTiON,  revised  and  improved.  Wiih  one  hundred  and  ninety-three  iliusilraiions.  iu  two  large 
and  handsomely  printed  octavt)  vols.,  leather,  ol  about  llOU  page«.    f6  00. 

In  annnaDeing  a  neweditiiio  of  Dr.  DuriifHaoti'a  i      The  work  will,  we  have  little  doobi,  bn  bnughl 
Geaerai  Therapruticsnnd  .Materia  Medicii,  wrhiive     and  read  by  the  tnajurity  nf  medical  ataiJpnia;  its 
J    -.■  _  .   .■       -     ,  i.     sue, arraiiijeinent,  and  reliubility  recointiicDd  it  In 

all;  nu  one,  we  voature  to  predict,  will  atuity  it 
wilhoat  profit  and  there  are  few  to  whom  it  will 
not  be  la  scunc  nieaaiirn  useful  ua  a  work  tif  reiVr- 
PDce.  The  yuuu^  praBtitiimer,  tnoreespeeiNlly,  will 
find  the  enpioua  in<lr-X(:a  apjienitid  tu  thla  eUi.-ion  i)f 
greiti  Htumtntipe  in  the  ael.  rlion  and  pieparalioo  <if 
auitnble  formulw.— CAarlcjion  Utd.  JoMm.  and  R*' 
vitu),  Jan.  IbM. 


BO  worda  of  commcadutiua  to  bestow  upon  a  work 
whoae  oierita  have  been  heretiifore  so  ouea  aad  so 
juatly  extolled.  It  tnual  ai.it  be  auppoard,  however, 
that  the  present  ia  a  mere  reprmt  uf  the  previoua 
edition  j  the  character  of  the  nulhtir  fur  taboriona 
research,  judieinus  annlyaii,  antt  elrarness  of  ex- 
presiKin,  ia  fullv  auataiiied  by  the  nunti-rtiua  addi- 
tioaa  he  h^ia  tnade  to  the  work,  and  inr  rareful  re- 
viaiiin  ti>  which  he  has  anhjeet^d  the  whole.^JV.  A. 
M*dtce-Cktr.  Ktvittp,  Jan.  H)56. 


BT  TBK  lAKS  ACTBOft.     (A  M«Hr  Edition.) 

NEW  RE!VrEBrES,  WITH  FORMUL.'E  FOR  THEIR  PREPARATION  AND 

ADMINISTKATION.     Seventh  edition,  with  extensive  Addttioaa.    In  one  very  large  octavo 
volume,  leather,  ol  770  pages'.    93  75. 

Another  edition  of  ihc  "  New  Remedies"  having  been  called  for,  the  author  has  endeavored  lo 
■dd  everything  of  moment  that  ha<'  appeared  ^ince  the  publicnlion  of  ihe  lii>t  edition. 

The  article*  treated  of  iu  the  former  editions  will  be  found  lo  have  undergone  considerable  •»- 
peii^'ion  in  thii>,  in  order  that  the  author  might  be  enabled  to  iutroduce,  a*  far  a^  practicable,  the 
re«Hlti*  of  (he  snil»*eqiient  experieni-e  of  othura,  qs  well  as  of  his  own  ob^ervaiion  and  relleclion  ; 
and  to  make  the  work  ^till  more  deserving  of  the  extended  circulation  with  which  the  prei-eding 
edition*  have  been  favoretl  by  the  profe»*Uin.  By  an  enJargemenl  of  ihe  page,  the  numerouit  addi* 
lions  have  been  incorporated  wahoui  greatly  increasing  the  bulk  of  the  volume. — Prefane. 


One  of  the  moit  naerulof  the  author'a  worka.^ 
Sovlhtrti  Mtdical  and  Surntcal  Journal. 

Thia  elaborate  and  uirful  volume  ahoold  be 
found  in  every  medical  iihrnry,  for  aa  a  book  of  re- 
ference, f'lr  physi<'ians,  jt  is  unsurpataed  by  any 
other  work  in  existence,  and  the  double  index  for 
diceascs  and  for  reniedirs,  will  be  found  greatly  tc 
■Bkuuceits  value. — Xtw  V^rk  Mid,  Oaxitu, 


The  preat  learning  of  Iheautli    i  .i- 

Bblc  induarry  In  pu«hing  hit   rt- 

aiiurce  whence  inforiniitjon  iaden  i,' 

him  to  thruw  tiigether  an  extrnajve  iiuus  iif  ijcLs 
nod  aiatementi,  aceompanied  hy  full  reference  to 
authontiea;  which  laat  fputure  renders  the  work 
practically  vnbiaiile  to  taveiliisiUors  wlto  deaitr  l* 
eJianiinelseuiiginal  papers, — Tkt  Anurican  Journal 
a/  fkarmmcp. 


ELLIS  (BENJAMIN),  M.D. 
THE   MEDICAL  FORMULARY:   b«i eg  a  Collection  of  Prescriptions,  ^icrived 

from  the  writmg*'  and  praclice  of  many  of  the  mo<l  eminent  physicinnf  of  America  lonl  tannine. 
Together  with  the  u^ual  Dietetic  Preparation^  and  Antidotes*  for  Poi!«on».  To  whnb  i^  added 
an  Appendix,  on  the  Enderroic  u^k;  of  Xledicines,  and  on  the  uce  of  Ether  and  Chloroibnii.  The 
whole  accompanied  with  a  few  brief  Pharmaceutic  and  Medical  Obfiervationf,  Tenth  edilioiii 
revit^d  and  much  extended  by  Kobxrt  P.  Tuo.uab,  M.  D.,  Profea»or  ol  Materia  Medica  in  the 
Philadelphia  College  of  Pharmacy,    lo  oac  neat  octavo  volume,  extra  doth,  of  2!^  pages.    (1  7S. 


BLANCHARD  &  LEA'S  MEDICAL 


ERICHSEN   {JOHN>, 
ProfcMor  of  Surgpry  in  University  Collefr«,  LondOBi  fte. 

THE  SCIENCE  AND  ART  OF  SURGERY;  BEtNo  a  Tbkatisk  on  Suegtcal 

I^JiRiTTS,  P1SEASE8,  AJ«o  Operations.    New  and  improved  Americon,  from  the  pccohJ  eiiUrntd 

and  cflrefully  revised  London  edition.     Illustrated  wiib  ove^r  four  hundred  engraving^!*  uu  wmxt. 

In  one  large  nnd  handsome  rwtavo  Tolume,  of  one  thousand  closely  priuied  pug^fi,  lestlter, 

rni^ed  bends.     $4  50.     (J)i*t  It.t»rd.) 

The  verv  di^linciiifhed  fnvor  wilh  which  this  work  htkf  been  received  on  hoih  iiidefiof  the  Attao- 
tic  hB*  BiimuJBtf  d  the  atilhor  to  render  it  evt-n  more  Wc»rlhy  of  ihe  position  which  »t  ha»  no  rupidly 
Biiuined  us  a  .'landard  nulhorify.  Every  portion  hw  U'en  cnrefnify  revisse^l,  niimcrmir*  additioti* 
have  Iven  irinde,  and  the  mo5l  watchlnl  core  hn*  l>ecn  exen-iM-d  lo  rendtr  if  n  ce)inplete  enprtnern 
of  the  ino«(  urlvBn<"ed  condition  o(  siirKioat  M^icrioe.  In  Ihi"*  niunner  (he  work  has  V»fi\  **rilarrvd  Inr 
alxiiit  a  hundred  pofre*.  while  the  series  o(  eneravinfri*  hn*  Iwtsn  ittrreft^ert  by  more  than  a  bniidred, 
renricriiip  it  one  of  the  moct  ihoroiiphly  lllupiraled  volumes,  hiofore  the  profef*ion.  The  addili<ins  oJ 
the  niiilior  having  rendered  iinncc<-!«Nnry  most  of  the  noiei*  of  the  former  Aroertcan  e«liior,  l>nt  liille 
ha*  been  nddfd  in  lhi!»  country;  «tin»e  lew  nole»  and  oc-casionul  jllut-lraitous  have,  however,  been 
inirodoced  loeiuridaleuAitiericaii  nuHle;*  of  prurtire. 

It  i».  in  our  hunil>l<7  juiticmrnt   dceirirdl;  tlia  hp«t    <lep  of  (he  oprrniion,  and  not  dearninr  him  aniil  tbe 
book  oC  the  kind  in  tlir  Knglisti  lani^unK**'    S'lransr  ,  Rhol  i«»T2eonhe  rase  is  ih-cirfed — Sukoatap*. 
(hat  .MiM  fuch  iMwkB  are  noiofti-iii-r  pro<lupt-d  by  puh-        Einbracinir.  a*  wiM  b*-  prrf  eivrd.  ihr  whoir  •onrl- 
l.C  iracber,  of  .urpry  in  ibi.  coui.iry  and  Gr<»l|t.„)<,on,a.„.andP.   ■  .,m- 

ttniaiii     Indeed,  u  i*  a  mmier  nff rrai  •.Moiil»hm<-ni  '  p|,,e  ,„(j  „,, rm  .  n-b 

but  no  le»»  Irne  Ihon  ii«'ioi'i»bing.  tlinl  of  Ibr  mniiy  ■■  -  ».  -  -  ■ 
work*  on  »UTprry  rppn1'b«h''d  in  (hi?  cmltitry  wiihin 
th<"  la«l  fiftcfti  or  iwctity  yrnr*  nr  irxi-hookii  for 
mp'Iioal  MmlrniR, 'hi»  i«  the  only  one  ibm  even  ap- 
proximales  10  Ibr  futfilmriil  oridc  prciiliar  wants  of 
Voonpinrn  juflemeniiif  n|>oi>ltir  •IikIv  of  ttil'lirancb 
oflhefirofession. —  WtiUmJouf  .of  Mnl,  an-l  Surgery. 


tie  va)o«  i»  yr^aily  enbani'f-d  l.y  a  ?ery  copiou« 
well-nrrnnerd  im1'>X.    Wr  rr^^ard  Ihi*  as  one  of  the 

iBofi  viiiiml.lr  I'diil'il'iiiinui  It,  mdilcru  aurjfcry.     To 
Oil'  'vf  ri'ifard  ii 

lb.  or  Mill.    He 

W  1:  :.  ir<;LJ5h  every 


•iiibjcci  faiihfally 

rsnmate  of  it  m  uir  <»ear.i.'iii«v    **  in 

eXcrlU'nl  contribution   10  nurprry,  it>« 

bc«t»inKlo  voluinr  now  eiti«iii  on  ind 

wilh  ureiil  |i|i'iiaiir«  wr  mid  it  lo  our  i-ii  iK^i*». — 
tfiuhrilif  Journal  of  Mnlieint  and  Surgery . 

Prof.  F,ficb!>rn'ii  work,  for  it«  -u--.  )iii«  not  been 
»arpnMcd;  his  nine  butidrrd    ■  '«»«,  pn»- 

fu^rly  illoKtritlcit.  Brr  rirb   in  ;  patbolo' 

Kicril,  and  operative  JURRcito  '^,  deiaila, 

and  prooe«»e«  ;  and  will  provr  a  reliable  rr>oitre« 
for  informaiion.  Iioili  in  t>by«iciaii  and  •iireeon,  ta  ika 
hour  of  peril.— iV.  O.  Mtd.  and  Surg.  Jt^nuU. 


FLINT  (AUSTIN),  M.  D., 

Profeaanr  of  the  Theory  Rn<l  Praelirc  of  .Mcdieine  in  the  Univertity  of  Tx«ni<vil1e,  Ac. 

PinrSTCAL  EXPLORATION  AND  DIAGNOSIS  OF  DISEASES  AFFECT- 
ING THE  RE^SP^^ATURY  ORGANa.     In  one  large  and  handsome  octavo  volume,  eitn 
dolh,  636  page*.     $:j  00. 
We  rrf  nrd  it,  in  point  both  nf  srrnnirement  ind  of 

the  mnrkrd  nbililv  »i  iti  trralmrnt  <if^lhe  lubiccli, 

a*  deatiriMl   to  lake  ttir  firiit  riink  in  worka  of  this 

rlaaa.    Su  far  a*  our  inrorraiiii.in  exicna*,  it  hiu  at 

prraent  no  equal.     To  Ihr  pmotilionrr,  ni  well  a> 

Iho  itudenl,  it  will  be  inviilunbte  lu  elciinii^  up  the 

diKfinKiis  of  itoiiblful  ciicea,  nnd  lu  shcdiJini;  light 

upon  ditDei]ttpbenunieAa.^-jBw^aJo  Bl*d,  Jommal. 


"'Ttt. 


ury. 


A  wnrknforiitinalobaervatinaitf  ih 
We  reoiminend  Ihu  trenliie  to  every  • 
to  beciiiiie  »  correct  noBi-ultntor.      1 
larje  extrut  uiwtii  c*«ci  Dnin-ri--" 
catrira  thccviutncfi  of  enrefu  I 
tion  up<m  every  piiBo.     Iirtn. - 
and,  through  bim,  to  the  pr>>f>i.^.,.i.  , 
It  ia,  what  we  etinnnt  rxH  everv  hooir  upon  «use«'l> 
Ution,  ■  readiible  hnnk.—Am.  )pmr.  Mid.  Sctcncft. 

BY  THE  SAMK  ArTHOR.     (Now  Rrady.) 

A  PRACTICAL  TREATISE  ON  TOE  DIAGNOSIS,  PATHOLOGY,  AND 

TREATMENT  OF  DISEASES  OF  THE  HEART.     In  one  neal  octavo  volume,  of  about 
500  page8,  extra  clolh.     %l  l-i. 

We  do  no*  know  thiil  Br,  Flint  liat  written  any-  diieaiea  of  the  cheat.     We  have  adopted  hia  work 

thliiK  which  ii  mil  finiTnie;  but  thii,  hia  liiieit  cou.  upon  the  heart  a>  a  texi.r>i><,k.  believing  it  to  be 

trIbnticiD  to  raediral  Jiteratnre,  in  mar  <ipini>in,  tur-  more  vnloiiblefor  thiit  purpose  ibnn  Boy  work  of  the 

pavtra  all  the  oibem    The  work  iaiiiosit  coinprrhcn-  kind  thNi  bai  yet  appeared .'iYoiAt-i7i«'ja*if./e«m., 

aive  in  iliicope,and  most  aound  in  tbeviewiiteniin-  Dec.  MSS. 

eiatta.    The  dcicripliona are  clear  and  jnelh..dual;  ^Vilh  more  than  plefl«nredo  we  hoi!  the  »,tv,.,K»f 

the  »tBtemenli  are  •ubitanimled  by  fiieti,  ar.d  are  ,hj,  ^,,,1,   f,„  ,t  fi||,|,  „.„),  ^^  ^  .                       ,^,. 

m»de  with  auch  aimplicity  amt  ainceriry,  ihnt  with-  h<,o|f,  f„f  „^f  ,pii„ 


I 


I 
I 


oitt  ihcm  they  would  carry  convic'ion.  The  itylr 
ii  admirably  clear,  direct,  and  free  from  dryne*! 
With  Dr.  Walahe'a  excellent  trcini»e  before  na,  we 
hove  no  heiilalion  in  lavlni;  lliut  Dr.  Flint'ab<Mik  it 
the  belt  work  iin  the  heart  in  the  Kntrlith  InnjtiiRge. 
—  Bofiom  Med.  nmd  Surg.  Journal,  Dec.  IS,  Ie'SO. 

We  have  thtta  endeavored  to  present  our  readert 
with  a  fair  annlyaii  iif  thia  remarkable  work.  Pre* 
ferring  to  employ  the  very  worda  of  tbediidngrniahed 
author,  wherever  it  wai  potaible,  we  have  eaanyed 
rocoudenae  into  the  briefeti  npncea  nenernl  viewi>f 
hi«  <jbccrvuii<.>n»  and  supe^eaiioni.  and  lo  direct  the 
attention  of  our  brrlltren  to  ihc  abounding  rtorea  of 
valuiible  matter  hcTecoliccledandNrrniifced  for  their 
uae  nnd  in«trijction.  fin  medical  library  will  here 
after  he  eoncidered  eompleie  wilhout  thia  volume; 
ar»d  we  triiat  It  will  promptly  find  itawnyinto  the    j,heco«iiun  liiUy 

hiinda  of  every  Amei  irnn  itudenl  nnd  phyaician wlio«<«i  iii4e  i««n  • 

N  Am.  Mtii.  ChtT.  R«eiMP,3Mi  VW^.  A^tris.   O^it  ^v" 

Thia  Inat  wotVi  o(  Prof  TWrl  -wvW  »W  \ftifc«V  \?>    Kaa.\>j«k,  *^\  •* 
hi*  prevuma  weW-entne^i  ctVbTU^- ,  a»  a  ^i\km  -A    t«mvm«wft\T.^  w 


unit,  nnd   ii,  tnr  I 


llie  n.oat  valimblc  ptacticui  Wolk  of  lU  -...,. ,t   O, 

Mtd.  JVtwt,  Nov.  IB50. 

In  regard  to  the  merila  <>f  the  work,  we  Imve  no 
heiiluttiin  in  (ironnuncini;  it  full,  ar'   .-  1  ju. 

dicioua.    Con»iderin|t  the  pn-i-nt  •'  te. 

inch  a  work  waa  mucb  needed.    It  «  i  (be 

h«ndi  of  every  practitioner — Chicago  Mai-  Jnunual, 
April,  ]B«(I. 

Bat  theae  are  verv  trivial  •r''"-  "'••'  '"  "■■  irta* 
prevent  ni  from  declarinu  our  •  v«l 

of  the  attthor'B  iibltily,  inducir  .j^ 

r>ea«. — Dublin  Qmarttrly  Jomrn..,  ^.j  ^...i  .j,..ni4t, 
Pen.  1800. 

He  hai  labored  on  wi-b  the  ranie  indn'tTr  inf  eare, 
anil  hit  plwpe  iim"i 


»-.\^\*  i^k — 1 


AND   SCIENTIFIC    PUBLICATIONS, 


II 


FOWNES  (QEORQE).  PH.  D.,  tec. 
A  BIANUAL  OF  ELE>IENTAKY  CHEMISTRY;  Theoretical  and  Practical. 

Frum  tl>e  seveiilh  nivi^ed  and  cornsoieil  London  edittun.     With  one  hundred  ond  nincty-*even 

illuHtrRlions.    Edited  by  Robert  Bridiigs,  M.  D.     In  one  large  royal  12ino.  volume,  of  600 

patres.    In  leaiber,  SI  65;  extra  cloth,  tl  '>0.     [Just  Issu*d.) 

Thedealli  of  ihe  author  havinc  plnued  ihe  editorial  care  of  lhi»  work  in  the  pmpli*ed  l|iiid»  ol 
Dri*.  Benoe  Jone-*  and  A.  W.  lltitriiian,  everyihiiie  ha'*  been  done  in  lis  revi!«ion  which  experie»>ce 
conid  jsuKTTi'si  lo  kt'ep  it  on  a  level  with  the  rapid  Bd\Tiiice  of  chemical  ncience.  The  iiddihons 
reipiisiie  to  lhi«»  piirp«--e  have  «eces>iialed  an  enlnr^meiil  of  the  page.  notwithi'iandiniBr  which  the 
Work  hus  l:>een  iiicri'nsied  hy  about  fi(H'  pofren.  Al  the  snme  time  every  care  has  been  «.*ed  to 
liuiiMiain  itsdlMinrtive  cliarsoler  as  a  coiideii«ed  manual  fur  the  htiidenl,  divested  of  all  ui>neoe»i«ttrv 
•I'  ■  c,r  mere  llienreiical  spectilaiion.  Tlie  addnioii!'  have,  of  fourw,  been  mainly  in  (he  depuri- 
Infill  of  Orjrotue  Chemi«iry,  which  ha*  tTiade  'uch  rapid  prdjfress  within  liie  la^t  few  year!",  bui 
yet  equal  attetilion  has  been  bestowed  on  the  other  branehes  of  the  *iihjec( — Chemical  Physics  aud 
tnorg^anic  Cheniitilry — to  pre»«enl  all  invei*iigations  and  clisooverie»  of  irnp<ir(Bnce,  and  to  keep  up 
the  reputalion  of  the  volume  a«  a  cnrjiplete  iTianiial  of  the  whole  wienoe,  udrniralily  adapted  lor  the 
learner.  Ity  Ihe  UfV  ol  a  small  bill  eXfreediiiBilv  clear  lype  Ihe  mntler  of  a  Inrpy  u<rluV(i  i.«  conipresH'd 
wiihiii  Ibe  lonveiiieiit  and  porfiible  limit*  of  a  inoilfriite  ^ieimI  duod»'fimo,  aud  at  the  very  low  price 
■/fixed,  tl  is  olTcred  nn  one  of  the  chcnpeM  vollllue^  before  the  profess  Ion. 


Dr- Fowaei'exceDfnl  work  liai  l>e«Q  univefwilly 
reCMKnizcil  evrrywiierp  la  liia  own  hqiI  thiarounlr]', 
■«  Iho  tieit  rletnentnry  trraiiae  cin  chciniairy  in  thp 
Encliih  tonfue.nnd  ii  vrry  KPHprullv  ad<i|itfd,  wr 
hrlirvr,  ni  thcataDilarid  text  book  in  all'  ur  rollee^a , 
bnlh  litifrKrynndMSinatllie. — VharUjlton  Mtd  Journ. 
antt  litfitie,  ifrpt.  IMO. 

A  aiMnilard  munnnl,  which  lina  long  enjoyed  the 
repiilalion  >if  eiiihixtyinf;  much  IcDowtrttet'in  a  ainall 
apnce.  The  author  rini'«i-liiPVPd  llie<lilIicuU  tuak  iiT 
eiiadrnaation  with  inailerly  tucl.  Ilin  hook  in  rod- 
eiir  without  bring  dry,  nnil  lirit^f  witliiiul  \>r\ng  too 
diiginntieal  UT geuciai. —  YiTfinia  Mtd.amU Surgical 


The  work  of  Dr.  Fownei  bat  \tmt  been  before 
the  publiu.  and  ita  morila  have  been  fully  appreci- 
ated aa  ihe  beat  text-book  on  ehriniatry  now  ia 
exiilcaee.  Wc  do  not,  of  eoarae,  nince  it  in  a  rank 
■upcriiir  to  the  workaof  Brande,  Graham,  Turner, 
(ircRory,  or  Gmrlia,  but  we  any  thnt.  Ka  a  wrk 
fur  aliiJenta,  it  ia  preferable  to  any  of  Ihctn. — Lon- 
don Journal  of  Medic  int. 

A  work  well  aiinpt<>d  to  Ihe  wanta  of  the  atadenl 
It  ia  an  excelli-ntexpoaition  of  thp  chief  doctrines 
nnil  facis  of  incxlern  chcinietry .  The  aizr of  the  work, 
ntid  anil  more  ttiF  condenard  yel  perapicuoiia  atj-lt 
in  which  it  ia  written,  ahaolve  it  from  the  chnrjea 
very  properly  nrprd  Hf;ninat  ntoat  mAnuuls  termed 
popular Edinburgh  Journal  of  Mfdital  Seitnc*. 


FISKE  FUND  PRfZE  KfSWS  —THF,  RF- 
FFCT!»  OF  CI-IMAPK  ON  TUUI'HClM.OirS 
DlSRASK.  Fly  F.nwtfi  LeB.  ^f .  R.  C  S  .  London, 
ati'l  THF,  »\FI,IJF,N'CF.  .IF  PRKONANCY  OV 
THE  DEVELOI'Mli.NT  OF  TUBKRLlLEa     By 


Edward  WABaaw.M.D  ,  of  Edenton.N.O.  To> 
f  ctlipr  in  one  nrnt  Svo  vnliiine.  cxtrn  elnth.  *l  (H). 
PRICK  ON  RKNaLAFKKCTION!»;  ll.nir  Ding, 
ooaia  and  Pntholofry.  Wirh  illuatratmu*.  One 
volume,  royal  Umu., extra  cluth.    76ceala 


FER0U8S0N  (WILLIAM),  F.  R.  S., 

PrnfpBXir  of  Purpory  in  Kiue'a  CollcEe»  Lnndnn,  Ac. 

A  SYSTEM  OF  TUACTICAL  SURGKHY.     Fourth  American,  from  the  third 

and  enlarged  London  edition.  In  one  largre  and  l>ennitifulty  pruiled  octavo  volume,  oi  about  700 
pages.  With  393  bandsouie  iiIuMraliou»,  leafhcr.     S3  00. 

GRAHAM  (THOMAS),  F.  R.  S. 
THE  ELEMENTS   OF  INORGANIC   CHEMISTRY,  induding  the  Applies- 

liondof  the  Science  in  the  Arts.  New  and  cnfich  enlarffed  edition,  by  Hksry  Watts  and  Robert 
BRtiJOt:s,  M.  D.  Complete  in  one  large  and  handwine  octavo  volume,  oi  over  SOO  very  large 
peg«8,  with  two  hundred  and  thirty-tvi'o  wiM)d-rut«,  extra  riloih.     f-l  00. 

*•#  Part  II.,  completing  Ihe  work  from  p.  4.11  lo  end,  with  ladex,  Title  Matter,  ice,  may  be 
had  separate,  cloth  backs  and  paper  sides.     Price  $2  50. 

From  Prof.  E.  If.  Horsford,  Harvard  CoUt§«.  alfurd  to  be  without  thd  edtlitvn  of  Prof.  Oraham'i 
It  hna,  in  its  earlier  and  Ina  nprreel«liIiofla,beeB    Klomeata.— Si^imanj  Journal,  March,  liiSS. 


faroiPar  to  mr-,  and  the  «x<^elleaee  of  ita  plan  and 
the  eirurnras  and  cionpJctr'ncaa  Of  ic#  dlKaaaiou, 
iiave  long  bcrn  my  aUniirution. 


From  Prof.  Weleoll  Gihh$,  jY   Y.  Frrt  Afndtntf. 
The  work  ia  an  iidtninilile  oni*  In  nit  re^pfcls.and 
ita  repulilk*ati<in  here  ennnot  fiil  in  pxcrl  apoillive 
No  reader  of  Enghah  worka  on  Ibii  aeicncfl  caa    inlluenpe  upon  thepriigre»a<ifactenee  la  ihia  country. 

GRIFFITH  (ROBERT  E.),  M.  O.,  &c. 
A  UNIVERSAL  FORMULxVRY,  oontaining  the  methods  of  Preparing  and  Ad- 

minislering  DtFiciuol  and  olher  Medicine!".  The  wboie  adapted  lo  Physician^  ujid  Phnrmaceu. 
tJ!«t».  SKcfoNU  Edition,  thoroughly  revised,  with  numerous  additions,  by  Kobkrt  P.  Tuomab, 
M  D.,  Profe^»o^  oil  Materia  Mcdica  in  the  Phikdelpbia  College  of  Phurmucy.  In  one  large  and 
hands'Ome  octavo  volume,  extra  cloth,  of  650  page!<,  double  eolumtiti.  S3  00;  or  in  ^heep.  $3  2.'/. 
It  wa»  a  work  reQUirinic  tnui-h  pemevernace.  and  |     Thifti*  a  wprk  of  «ix  hun6r<nl  and  ftity  unr  pHir<**. 

When  publiehed  wa»tookerl  upon  a»  by  tar  the  benl' 

work  of  lilt  kind  ihai  hud  ivsucil  from  the  Airmricaii 

prosi'.     Prof  Thomn«  ha»  ecriainly  *' improved."  a« 

well  a»  add'-d  lotliis  Formulary,  and  hn«  rendrred  ii 


^mltraoinc  all  on  Ihe  i>uhjeci  of  prenannc  and  admi- 
iisienna  medirinef  thai  can  he  denired  hy  the  phyti- 
Plan  and  phanfiueeuiist — IFrjirern  Lanetl. 

Theamouniofu*erul,every-day  mBner.fhr  aprae- 


addiiionally  deserving  of  the  eonhdenee  of  pharma- 1  jj^i,,,  phy-inan.  i«  really  iinjnen»e.-.B»if«n  «.* 
eeutiftH  and  phyaieians.— jiw*-  Journal qf  FhaTmaeji.     ,,^j  Surg.  Journal. 


We  are  happy  lo  announce  a  aew  and  improved 
ediuoii  of  thin,  one  of  the  mo'tt  vulualile  and  uteful  ! 
worka  ibai  have  enianated  from  an  American  pen.  I 
It  would  do  crndll  to  any  country,  and  will  be  found 
of  daily  ui-etulnc'Ri  to  practitioner"  of  medicine;  it  m 
better  ndnpted  10  their  purpose*  than  iIid  ditpenaaiO' 
rjcs. — SoutAcrn  Mtd.  and  Surg.  Journal. 

Itiaoneofihe  moAt  nnsful  l>nokB  a  eonntry  practi- 
tioner can  poMibly  have. — Mtdieai  ChronicU. 


This  edition  ha»  been  freatiy  improvni  i,y  ihe  re- 
viaion  Uknd  ample  adilitionn  of  Dr  TUikmhv  ami  ia 
now,  we  believe,  one  of  the  mosi  co'iip'^tr  work* 
of  il^  kind  ill  any  language.  Tlir  mhii;  -oi-  iimouni 
toatiouiieveniy  pogeg.uiid  no  effor'  iced 

to  include  in  ibetn  all  the  re'-'^nt  m  a 

work  of  this  kind  appears  to  u*  Inil    .  i"  the 

physician,  and  ihrrc  i*  none  we  cuii  more  uuiJJellyJ 
reooinniend. — JV.  Y.  Journal  of  M*duint, 
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GROSS  (SAMUEL  O.).  M.  O., 
PiofBMor  of  Sargerjr  In  tbe  Jcffeni'ti  MetliemI  CuUage  uf  PkiUdetphw,  Ac. 
Jiut  Issued. 
A  SYSTEM  OF  SURGERY:  Patlmlovrical,  Diagnostic,  Thoraptutic,  an<l  Oporw-I 

live,  lllusirufetl  hy  Nine  HusnaED  a?id  TwiiiTr-six  E!tf;ii»vixa8.  In  lw<.  lurgr  ami  Kcuiiiifiil  r  f 
prinlfH  ocrtavo  volume-,  of  nearly  iweiJiy-l'uur  huwdrcd  pugeii ;  »truiigly  buuutl  la  inullmt,  wnk  | 
ntdcd  bands.     Trice  $12. 

From  rns  Atrraok's  PiisrACX. 

Tkip  cvbiect  orilii*  work  i«  \a  furin!*h  n  fynlriiiHic  and  tfoitijir<<hcn«ive  treattt'e  on  Ibe  ^chmuhs  an 

^inirc  ol  surgery,  considered  in  Ihe  brmidei»l  *eO!*«;;  one  tiimi  ^b•«ll  •^rv^  th^  f>rni'itti..»rr  r- 

illiCul  and  HVailnblc  guide  in  hi*  tluily  rouiine  of  duly,     .     -     .     My 

hole  doniaiu  of  surgery,  nnd  lo  allol   U>  every  f.iil.jt;!-'!  its  legilimHi' 

„mily  of  external  di«ettr^s  Mild  nceidoni"'.     How  far  ihi»  objwi  hu*  U'. 

nie  lo  delermioo.     Jt  tiiuv  »H(ely  lie  etlirmcd,  bnwever,  thui  iherc  is  ou  lopio,  pri.tK.'fiy  «(i(M:riainin 

lo  btirg^iiry,  llmt  wilt  n'>l  i>e  riiiiud  to  lie  diM*ii»M*d,  to  a  greater  or  iett.  exieiti,  in  liieMi  volmues." 

Hill  Dr.  (ir  '  •  ?     Btyie  of  jiublirntion,  thiil  we  eiin  h<>nr«tly  rp<-oiii-» 

A  fHifttti  |>r>  '  ■'     iTfiid  it  «■  tito  t>cBt  wi>rk  i>f  the  kind  tohetakra 

honutwcrlii  '  <i     lioiiie  by  llie  youDfi  pntrtilinnrr — A-t    Mni   femrm. 

llif  reader  a:i  rliuj^iniir  uiid  wt-ll- vvi  H'tii  ;•.■  •..uni  i      jlie  trcnliae  of  Prof.  Grow  it  ool,  ilifreroff.  a 
if  lilfoArn  Vint  r«pRiicuce,l.[iI  lie  !m»  n.p!  fnikil  to  ]  ,„e,e  ttxt-biHik  for  unilprf[rnduiit.ea.  I>ut  a  »v»feni«- 
-*.■<!>•  in  hu  pairea  the  optni-nx  »w\  |irnclirr  of  .  ,,(  rfeorj  of  ertorp  tliao   tliirty  ypar.'  r  Kr,^ri.-nrr, 
ltur«ei>n»iij  tliliindotherc.uiit  ,f      Ihr  |  ,t,a„„f,  ,b(1  rrflretion  by  a  ninn  oi   . 

.result  ha»  l>eeti  M  w^rkol  iueti  •  .,  ibnr  it 

[bo*  nil  tuprrior  in  tlie  iyBtriti.!  "n  iur- 

Scry  whieli  have  irnnn'itMl  (ri  ■  C^nlt- 

enliit  iiuthiira.     It  li8»  l>r»>n  '•il    lliat 

}"lbc»e  liiive  Ite^n  fur  from  eoiiipl-  .>riiiiiil 

li^aitlenlttra,  inuny  nf  llirni  linviiii  I- 
Taomn  of  Ihe  moit  iiiiporlnnl  poiiit« 
ehnrseteriJiP  auf^h  wiirlta      Hintie  ol  t:  •  r 

|«lMl>oratr — l.ut  elitUointe  — wJh   irapccl    lo   terlain     _ _ 

|lli*ciiBr«,  while  lliry   havr  At-trly  gUnecrl  •«.  "t  |  tnaVln  PhyViofojjy.l-A.'o ' Mirf.«^lll"Safrc^5wn«•^ 

f'lvrn  an  \ii)«iili»rnoliiry  nf-couol  <>(,  othera  eijuMlly 
ni|HirliiDt  III  Ihe  aurf^roD.  Dr.  Groia  liua  avoKlnl 
thii  error,  and  hua  prixliii-nl  llie  inoit  coinplole  wi<rk 

'  thai  ho*  y  tl  iiaiiol  from  the  pieia  on  Ihe  aeiruor  wtid 
ttiartlt'p  of  BurKrry.  It  is  Di.'t,  ttrirUy  apeiikinf ,  ii 
Pii'tii  nary  of  Surpery,  bui  it  Rkvva  lo  the  rrn'ler  all 
theinfonnatiiin  thut  he  mar  rrquirr  fur  hia  irpMlmrat 
vf  luijtieal  diaenaei.     Iluvinj;  aniil  xv  nuich,  it  raifiht 

^•pnrnr  Ruprrtluoua  to  n<Jil  nuother  wird;  hut  II  it 
4irily  <lue  to  Dr   Grow  lo  aUtc  thitt  )ie  haa  citiliraced     ,       .     .,   , 

'♦heopportunilr  uf  Iranaferrinif  to  hii  pi.ge.  a  iratt    *-•*"  ''"''  «"«  Surg.  Jounnt 
]iunihi>r  iif  eogravini;!  from  liiigliih  ntid  other  au-  >      With  pleaaure  we  record  the  conip'etina  nf  t\ 

.Kiori,  illuaifMiiveoMlie  piiih. •(■>•■  .^-.i  •  r.  n -,,>..«»  ..(    i "'loipi  ipJ  wrk.    T 

vnrcii-nl  dinruMra.     Tolhrieiir  •■  f4ir  niMnv  year* 

.((feilorifrioal  wiKxI-ciita.   The  v.  I  ;ia  n  writer,  had  i 

piftKia  iltcir  t<i  the  allentioii  .■;    u-l.t..   ■.„.!.....,«,     ,.,<„,,..   .if  great  eirellruc 

.from  whom  it  eiiriaol  fail   !•■  meet  with  exteaaive  i  e<>t)l>«a  wr  wer#^  hy  nn  mrn' 


*i>un(l  ju(l|[inenl,  and  lare  practiced  taci 
ileicivei  to  l«kc  mnk  With  'lir  rru< 
tirina  of  a  aiiniUr  ehu-nrter,  bv  Vidnl  aud  Ht^ 
France,  or  ihoie  of  Chrliiia,  blaaiui,  abd 

l,,...^    ,.|'  i.,.iii,i.r,v      Mrnr-e,  w  ■• '   >■■ 

Miltl   It   Will 

'!»  (n  rejard  i 

,•;.,;..- 1,     .    ;  11  ciinapni  li>  I., 

Ill  fcrrira  lii  Mutrria  Medi  -a,  or  to  Tood  and 


At  preirnt,  howev«>r,our  ^•^>jl^ct  t*  act  !>•  reviei 
the  work  illiia  we  piirpoao  dojuf;   hereailer),  bntl 

alinnh'    I'    iiriiiiiunce   Ita    iipixmnnrf,    1l'nt    in   tha 
Ml",  if»<^cr»  tpav  •  ,r 

f'-r  Uul  even  i 

wi '  ■  »inR  the  op' t.  3 

th'-av  IW'i  V"liiiiie»,  Dr    ticuu  ti;i6  iivifcu   it  h;ii.- 
aelf  a  Inilinn   inwoiiinrnl  to  hii  akill  aa  a  aarjcrnBij 
and  to  hia  luduatry  nnd  Irarnirg  aa  aa  autAtir. — St* 


-pntronnge. — Lomdon  Lanctt,  Sept.  1,  loUU. 

Of  Dr.  Groii'a  treatiao  t>n  ?uf)cery  w«  ean  any 
no  more  thuo  Hint  it  la  thp  innat  elulu'ratr  and  eoin- 

Elete  work  on  thia  brniivh  of  the  I  ealiug  art  which 
na  ever  been   pulitimhed  in  any  country      A  avi- 
teniotic  work,  tt  adniita  of  no  amtlvtieal  review; 


WhJc-h  iil>rfi>re  III — the  im- 

Buri^ery  ever  publiaiied    eitii.  i  m    "nt  nf\ 

country,  and  we   might,  peihnpa,  an'eJr 
inoat  original.     Then  ia  no  aubjeet  bntru.fr 
prrly  to  mrpery  whieli  loi*  not 
authoi  a  due  •linrr  of  attention. 
plieJ  a  want  lo  aurgici«l  ti'rnalu: 


but,  did  our  apncc  permit,  we  •bouta  eludly^ive  b„,i  fe),  Uy  oraotilionera;  lie  ha.  n.r,,  ,..,.-,- 

aome  extracta  from  it,  loeuablrnur  readrra  to  judge  ^  complete  prarlieal  ireatine  upon  aureery  J 

of  tl.ee'asiira  aiyle. If  the  author.  i»nd  lliee*hu«ai.  rt„*rtrnenta      Aa  A-omc  itia,  we  are  pro,.4  , 

Ihb  way  in  which  cnehauhject  ii  treiited.-AaA^ia  „o}„cvemeni;  a*  anrReona,  we  ar«  moat  .ia< 

Qaartar/y  Journal  ef  »Ud.  S<umtt.  thankful  Ui  hira  f-r  bia  exlmortl  nary  tabo.a  .a  ou 

Tb«  work  ia  ao  auperinr  to  ita  predeceaaora  in  benalf — K.  Y.  Man.tkly  Htvttv  amd  Bujf&l*  M*i 

matter  and  extent,  «■  well  «»  in  illuatrutiona  and  i,/«vn««l. 

BY  TKI  »AM*  AUTHOR. 

ELEMENTS  OF  PATnOLOOICAL  ANATOMY.    Third  edition,  th--^- 

revJM^d  and  greatly  im  proved.     In  one  large  and  very  bBnd>>ome  octavo  volume,  with 

hundred  iiud  filty  bciiiilirul  illusimiionr,  of  which  a  large  uimilirr  are  from  origiuit. 

Price  in  extrn  cloth,  $4  75;  leather,  raiaed  bands,  1^  25.     {Liti-lff  Puhli^hfd.) 

The  very  rapid  advance*  in  Ihe  Science  of  PathoJo^rieal  Anatomy  during  Ibe  lB«t  fe^r  y^mrt  hai 

rendefo«l  e»»eutml  a  thorough  inodilioiilion  of  this  work,  with  u  view  of  nrnkioK  1; 

niNit  of  Ihe  present  riBle  ol' the  subjeii.     The  very.u«re(iil  nniiinftr  in  whnh   Ii. 

exL'ciiled,  itnd  the  anioiiiit  uf  nlteralioii  whiob  il  hdK  undergone,  have  ennbled  the  ;i 

o  with  the  many  clmnge!'  and  iniprovenienl?  now  intnjduced,  the  worlc  may  be  re^Kid«>d 

» itew  treatise,''  while  the  eHoris  of  ibe  aitlhor  have  been  seconded  a»  re^arUa  the  ined 

execution  of  the  volume,  rendering  it  one  of  the  handsomest  production*  of  :        ' 
We  moat  aincerrlycnnaratulBte  the  author  on  the  ,      We  have  been  fiivorHblv 

vnceeaaful  manner  in  wbu-li  he  hnancronipllalied  hi*     ral  rounner  in  whuii  Pi   '.i  ill 

propoted  object,     lila  l">ok   la  inoal  Hdmiriiblv  enl-  '  of  alfordinr  "  '  ' 

rnliilrd  to  Ijll  up  a  blank  whieh  haa  loiif  hern  felt  to     atnle  nf  the  Jil 

exiat  In  tbia  departinrnt  of  medical  liit-rnltire,  aiid     have  mueh  pi' 
.*«  auch  mini  become  vtry  widely  eireulatedninoonat    our  reudera,  hi   hc  UcIi'vc  hoc  wcJi  .IcMrvl* 
[lAll  cliiaaea  of  the   profciamn.  — />aiiMi  V«ar(ir<|r  |  diligent  prruaiil  nnd  careful  aludy — M»»tr4»t 

Jaunt,  of  Mtd.  Stumct,  Nov.  IS67.  I  Ckron.,  Sept.  Itt57. 

BT  THE  SAMK  At^THOR. 

A  PRACTICAL  TREATLSE  ON  FUUEIGN  BODIES  IN  THE  AIR-Pi 

SAGES.    Inone  hQind»om«  o«^vv(o^Q^^uoLl^^«x.^r^tivc^Vy.k^\^.\^^k^uatrallo]M.    pp.468.    S3  7ft. 
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GROSS  (SAMUEL  D.>,  M.  D.. 

Profsiior  of  Surgery  In  the  JrlTrrtnn  MediemI  Colle^ie  of  Pliilmdetphin,  Jtc. 

A   PRACTICAL    TREATISE   ON    THE    DISEASES,    INJURrES,  AND 

MALFORMATIONS  OF  THE  URINARY  BLADDER,  THE  PROSTA  :  M\  AND 

THE  iniETHRA.    Second  Edition,  revif^ed  and  miiili  ii;nUirg»»d,  with  ■m*'  '  t'ighty- 

four  i(tu»tranons.    In  one  larye  and  very  hund'ome  ociavo  volume, of  over  uuiw  .i.i,.u,(.il  pikfct. 
In  teaiher,  raised  baDd^,  $5  iH;  extra  cloth,  $4  ^!t. 

Phil<it'<phirnl  in  '(■d'eti^n,  inpihcxlicn)  in  tti  ar-  i  ngree  with  ni,  that  thpre  it  no  nrnrk  in  the  Kni^liah 
ranfrrinrnt,  Hinpte  nni)  •auQii  in  it»  practicml  dctiiils,  I  tanguaKe  which  cnn  miike  uny  J<iit  prel<<DSinna  to 
it  (n>«v  III  trutU  he-  *niO  to  leave  am rerly  nnythine  to  '  be  lis  equal. — N.  Y.  Jatrnml  of  M'llicint. 


be  (Iriired  un  mc  imptirlaot  m  aubject. — Betitm  Mtd. 
um.ll  Surf  Journal. 

Wh<>ever  will  peruae  the  vast  nmnnntnrvnltiablr 
piactical  infonnaLiui)  it  cuntaina>  will,  we  tbink, 


A  volume  replete  with  truth*  kdcI  principlri  of  (be 
atin»«t  viUiie  iniheinvevtijratiooof  Lheae diaeoaei. — 
Amtricam  MtdicltiJommal. 


GRAY  <HENRY),   F.  R.  S., 
Lecturer  on  Anatomy  dt  St.  George'i  Fh»»pJtul,  L<tni1i'<tt,  ftft. 

ANATOMY,  DESCRII'TIVE  AND  8UR(JICAL.      The  Drawings  by  n.  V. 

Cartkh,  M.  D.,  [ate  rVmonMrnfor  on  Anatomy  at  St.  Gvorge's  HoKpilnl ;  the  Di^seciion*  jointly 
by  the  ArrrHoa  and  Dr.  CaRTkis.  In  one  inu^nificH^nt  imperial  ixiiavn  vuliime.  ol"  neurly  800 
pge!),  with  3<'3  large  and  elabuniie  «ngraviDg«  od  wood.  Price  in  extra  clulh,  $6  25;  leather 
rai»cd  bands,  57  00.    (Just  Issued,) 

The  BulhoF  has  endeavored  in  this  wort  to  cover  a  more  extended  rnnia:«  of  subject*  than  is 
cu^l«•^lary  in  Ibe  ordinary  text-biKik*,  by  f^iving;  not  only  Ilie  deltiiis  nece^-'«ary  for  llie  ^ludelll,  bnl 
also  'h"?  upphpulion  of  (hor»e  deloil!!  in  the  prartw»«  of  iUfdifine  and  '■urgery,  thuf  rendering  it  I««lh 
•  ruide  li>r  the  learner,  and  nn  admirable  work  of  releronoe  lor  the  active  prai-tiiurtier.  The 
engravings  form  a  special  feature  in  Itie  work,  many  of  the iii  bein^  the  size  of  nature,  nearly  nil 
oni{in«i,  Diiil  having  ihe  nnmeK  of  Ibe  vnnouf  pnris  pnnieil  on  thw  Inidy  of  tht*  cut,  in  place  of  fiifnrea 
of  reterciice  wiib  dfscriptions  al  ihe  loot.  They  ihu^i  (orm  a  complete  and  splendid  serie*,  which 
will  grt-iiily  nF>'!<l^t  the  •tliiiteni  id  obtBinin^  a  clear  idea  of  Anatomy,  and  will  uL^o  $erve  to  refresh 
Ihe  memory  of  tho!>e  who  may  tiiid  in  the  exigencies  ol  practice  the  nee«s^ily  of  recalling  Ihe  delaiU 
ot  the  dii'MJCtmir  room ;  while  combining,  as  it  dc>ei»,  a  Cinnplete  Atliix  of  Anatomy,  with  n  thorotigh 
treatise  on  .«y!<temaiic,  de«4^riplive,  and  applied  Anatoinv,  the  work  will  be  found  of  e*<iviiiial  UM 
to  all  phy.^TciHnii  who  receive  «)iiiileni!«  in  their  otrtee»,  relieving  both  preceptor  and  pupii  of  mtjcli 
labor  in  laying  Ibegrouudwork  o(  a  iborongh  medical  education. 

The  work  before  ui  ic  niie  entitled  to  tiie  hi^heit  i  to  exixt  in  thii  cnnn>:ry.  Mr  Qrny  wrilei  thrnueh- 
praiie.  *>i<l  we  aocortlitiRly  wetrome  it  ai  a  vhIu-  |  out  with  bmli  biinchei  nf  hii  intijrct  m  new.  Hia 
able  nilflitina  to  medii-ul  iiieralure.     iDtermetlinte    deacnptidn  of  each  particuUr  part  ii  follnwed  by  a 


\ 


in  fuliifia  of  detail  tietwecu  the  Ire^litci  of  S.iar 
pey  nn<1  <tf  VVilann,  iia  rtiArncieriarir  merit  tiei  in 
ine  oumtier  and  cxcelknce  of  the  eni(raviDgi  it 
coDtalnt.  Mo»i  of  thetc  are  ori|{lnnt,  of  much 
Inricec  than  ordinary  lize,  and  niiininih  y  executed. 
The  vnriftu*  parla  are  also  lattered  after  the  plan 
adorl'-d  in  Holden'a  Oaienlnny,  It  wonbl  be  ailTi- 
Cult  ti<  iirer-eilimntc  Ihe  advantateaolferdl  by  thii 
mode  of  piciorinl  illu(irati<iu.  Bones,  Iigamenli, 
muselei,  bloodveisela,  and  nervei  are  each  in  turn 
firarrti,  and  marked  with  iheir  npprnpriate  namei ; 
thnaeonbiitig  (hettuilrni  tn  ci  mprehecd,  ata  itlunce, 


notice  of  111  retnti<iii«  to  tie  pnrta  with  which  it 
connected,  anil  thia,  ton,  »ufRcieutty  ample  for  all 
the  forpnaet  nf  the  opernttve  lurfreon.  After  d«>« 
■crihing  the  bnnei  and  mutclea,  he  i(ivei  a  conciae 
■tatement  of  the  frncturei  to  which  the  brinaa  of 
the  extreniiliei  itra  raoit  liahle,  toijether  with  Iha 
amount  and  direetif>n  nf  the  di<p!(tC'-nii'nt  tn  which 
Ih*'  friistmenti  nre  adtijcclcd  by  miuciilur  action. 
The  aectinn  on  arteriet  ia  remarkohly  full  and  ac- 
curate. Not  finly  is  the  ■nrgical  anatomv  given  to 
ev^rj''  Impiirtnut  vessel,  with  dlrectiiine  fur  its  lign- 
tion.  but  at  the  end  of  tlid  deii'riptt<in  of  enrh  arte- 


0 

Ik. 


Whi«t  would  ottierwise  often  be  Ignmed,  or  at  any  ,  rial  trunk  we  have  a  tiaeful  sntnmary  of  the  irreg^u. 
rate,  acquired  only  by  prulnored  and  irksome  ap-  i  iaritles  which  may  occur  in  Its  origin,  coijrse,  and 
plication,  in  conclusion,  we  heartily  cnmraend  Ihe  |  terminatioa. — N.  A.  Mid.  Chir,  Aiciiv,  Mar.  18SP. 
work  of  Mr.  Gray  to  the  attention  of  the  mBdical         ,.„.,., 

profeiiion.  feelinR  ceruin  that  it  ah-.ald  be  reipirued  i  "'•  0™V  •  •>«<•'',  la  excellency  of  arranvemeat 
lis  one  of  the  most  valtabtc  contributions  ever  made  *"'*  c""'t»lctene..  of  ,xeculiou,  exceeds  sny  w.rk 
to  educalioniil  literature.-W.  y.  JkfiNifAfy  TUmw.  on  anat.'inriy  hiihcrt..  pulili.hed  in  the  Kntrliah  Ina- 
Dee   IbSO  jruage,  affording  u  cmuptete  view  of  the  structure  of 

,■.,.',  ,  ^,  ,.    ,  ,,     ~  I  Ihe  human  ImmIv,  with  especial  reference  lopraciicai 

In  this  view,  we  regard  the  work  nf  Mr.  Gray  a*  i  pur„ery.  Thus  ihe  volume  constitute*  a  p»-tiect  U<n»I| 
far  belter  adapled  to  the  wants  of  llie  profession,  j  „f  reference  f..r  the  practitioner,  demandlnu  a  place 
and  espeLially  of  the^itudent,  lh.in  any  tTcatl.e  on  ;  i^,  j^,o  ,hp  ,„,„t  JimUrd  library  of  Ihe  phy.irian  or 
anatMrtiy  yet  published  «n  this  country .  It  isdi-Btine.!  ]  ,ur,ron,  and  a  wor«  of  necr  ssity  for  the  student  to 
we  believe,  to  auperaede  ill  others,  both  as  a  manual  g,  ["„  hi,  mii.d  what  he  hns  Icurnedby  the  dusecllng 
of  disfectmns.  and  a  standard  of  reference  to  tlie  |  k„if^  f,„n,  ,he  hook  of  nHlure.-r**  r'«'./n«  V«"»r. 

ttrlf  Jomrmal  «/  Mtd.  Sriincef,Ntsv.lti3S. 

In  oar  Jad(ment,  the  mode  of  jllustrntion  adopted 
in  the  present  volume  cnnnoi  but  present  many  ad- 
vantnifeB  tothe  aladenlof  anatomy.  Tothe  zralniia 
diseiple  nf  Vesaliua,  earnestly  desirous  of  real  im- 
provement, the  book  will  certainly  be  of  iiioiifase 
valae;  but,  at  the  same  time,  we  must  also  roufnaa 
that  to  those  simpiv  desiroua  of  •'crsmminic"  it 
will  be  an  undoubted  godsend.  The  peculiar  valne 
of  Mr.  Qrny 'a  miHic  i>f  illastratioo  is  nowhere  mure 
markedly  evident  than  in  the  cbnpter  on  onteoloffy, 
and  especially  in  thote  portion*  whlcti  rreni  of  the 
bones  of  the  head  and  of  th*ir  deve|i<pinrnl,  Tlie 
atndy  of  these  parta  is  thus  made  one  i-f  r.-mi'iirn'ivo 
CJise,  if  not  of  positive  pleasure  :  anit  •'  ■  nn  i 

of  the  student,  the  iemp'>ml  and  spti.  ire 

shorn  of  half  their  terrors.     It  is,  iii  '  »< 

no  admirable  and  complete  text-t>o<jk  lor  im-  Huiurui, 
and  a  useful  work  o(  reference  for  the  practitioner; 
its  pictorial  chnractor  forming  a  novel  element,  to 
which  wt  have  already  sot&clenily  ailudod.-.-Jni, 
Joun,  Mid.  Sci.,  July,  IbSV. 


Biudent   of  ireneral  or   relative  anatomy.  —  M 
Journal  of  Medic int,  Nov.  Ibs5». 

This  Is  liy  all  comparison  the  most  excellent  work 
on  Amitomy  extant.  Ilia  just  the  thing  that  has 
bern  long  desired  by  the  prolrsiion.  \Viih  such  a 
iruide  as  this,  the  student  of  anatomy,  the  priicti' 
tioner  of  medicine,  and  the  snrgienl  devotee  have 
all  a  newer,  clearer,  and  more  radiaDt  ItithI  thrown 
Hp<in  the  intricacies  and  mysteries  of  this  wonder- 
ful jcience,  and  are  thus  enabled  to  nccoinplith  re- 
aulls  which  hitherto  seemed  postibte  only  to  Ihe 
■peeialiat.  The  plates,  which  are  copied  from  re- 
cent diisectiiins,  are  so  well  executed,  that  the  most 
•operhcial  observer  cannotfajl  topereeive  the  posi- 
tions, relations,  and  distinctive  fetitures  of  ilie  vari- 
ous purls,  and  to  take  in  more  of  anatomy  al  a  glance, 
than  by  many  long  hoori  of  diligent  stndy  over  the 
most  erudite  Ireause,  or,  perhaps,  al  the  diaaecllnff 
Ubl«  itself.— M«4.  Jonm.  of  X  CArolinm,  Uct.  iSSO. 

For  this  traly  admirable  work  the  profession  Is 
(ndehled  to  the  diatinguished  author  of  "Gray  on 
the  Spleen. ■'    The  vacancy  it  lillsbas  been  long  felt 
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HAMILTON  (FRANK   H.),  M.  O., 
ProfrMor  of  Surgery  in  the  Long  lalnud  ColliMfe  HfwpiUl. 

A  PRACTICAL  TREATISP:  ON  FRACTURES  AND  DISLOCATIONS.     Tn 

onp  InruT?  and  bitni1»«->me  octavo  volume,  of  over  750  pagi'is,  with  289  jlliistrBtion*.    Jl  20.    (Now 
Uradi,,iui\\itLTy,  1800.) 

opininn  mav  b«  fath^retf  •■  lo  I'ta  vmlne.— Rmi«i 
Idtdiical  and  Sutttfl  Journal,  March  1,  Ib^. 

The  work  li  eiinnie,  Jailiciimi,  and  ucrurate,  and 
a<1npl(^d  to  the  wants  oT  the  iiudrnt,  pfitriiiitaer, 
iiuil  ioveitig*t<ir,  booornMe  to  ttie  author  and  t»  tli« 
profraatou. — Chieano  Mi4,  Jeurmal,  Mareli,  1900. 

We  resord  thia  work  aa  an  honor  not  ouly  to  ita 
RDthor.  but  to  ihe  prufetaion  vf  our  couolry.  Were 
we  to  review  it  ttiorouc^hly,  we  could  not  rnnvey  to 
the  iniad  of  Ihe  reader  more  furcildy  our  honrat 
opititon  cxpreaaed  id  thr^ew  worda — we  Uilnlcit  the 
beat  hihik  of  iti  kind  extiiDt-  Every  man  iDtrrrarnJ 
in  aijr((Fry  will  aooD  hnve  thiawotk  <<n  hia  deak. 
He  who  doea  not,  will  lir  ihe  liiier. — JVcw  Orttmmt 
Mtdical  AMP*,  M»rel>,  \^m. 

Now  111"'  '  ;oaayrli4t 

murh  ai  ^v  <ia  «•  waa 

the  ur>deri  iii.-n,  aad 

ai'hirvrd   ui<>rc  Uinn  Wm  y\-  .  tat 

ita  titk  dt^ea  nut  cjtprma  iij  .i  ita 

roatenia.      On   the   wti""'-,  Ihia 

work  than  of  any  w  <ied 

from  the  Amerioxn  iii'  •'er- 

tninly  be  veiy  Urge  III  itct- 
pate  id  elicitinv  much  iivicuLi'iu  ui  i:^ucuj;e. — Siuk- 
vUlt  Medical  Record,  Alar.  IMiO. 

Every  aur|[enn,  younr  and  old,  ahoold  poaaeaa 
bimaelr  of  it,' and  giire  i(  a  careful  peroaiil.  In  diutnf 


A  rnonir  the  rrmnv  ir^'id  workerant  aurj^-ery  of  whom 
.\i  >  Frank  iiaat- 

(■  itia^wecay 

II  the  beat  and 

IiiiikIimhI  h'lMii  <.ii  t'lr  Kiilijrct  in  llir  Ki  fifliah  Inn- 
gnupr.  It  is  tn  vain  In  nllempt  a  review  of  it; 
iirarl>  aa  vniti  t<<  aeek  fi>r  any  aina,  cither  of  coin- 
iniokon  or  ciiDlaaion.  We  hare  aern  no  work  on 
prwcliral  atirftery  which  we  wnnid  aonner  rerotn- 
nirnri  to  nur  brother  autufoT*.  esni>fially  ihoae  of 
'•  the  aervicea,"  ir  Ihoac  u  rr  lira  in  dia- 

iricli  wdcre  n  man  loia  i-  -   rrly  on  liia 

«>wn  uiiulded  retourrea,      i  Tier  will  fiud 

iu  't  iliirelinna  r(>r  nt.nrly  t- •.  i  ry  p..fKil>le  aciueal, 
etiaily  found  und  coinppf  hended  ;  Hnd  much  plenaitut 
tendinrr  for  hlin  lo  muar  ov«t  In  Iheafler r"'n»id'-ra- 
tlonoriilacaaea.— ATc/ia&arg/i  Med.Journ  Feb  \^Ul. 

Thia  ii  a  vatoahle  enntrihutjon  to  the  aurfcry  of 
moat  impnrlaiil  nlfeelioni.aud  ia  Ihe  more  welcome, 
inaamiirli  aa  at  (he  prrmnt  time  we  do  not  poaaeaa 
a  ainitlr  complete  ireiilire  on  Fracl urea  and  Dialtt. 
catiKiiain  the  Kngliah  liiu|>uafe.  It  liaareinainedfui' 
our  Aiiicrifuu  brother  to  produce  n  complete  treatiae 
upon  ilm  Bul<jrct,  und  lirine  li'itcthrr  in  n  convenient 
form  thoae  nllrrationa  itnd  iinprovemenia  lliut  have 
been  made  from  tune  to  lime  in  the  treatment  of  these 
affecuona.  One  ureal  and  yiiluable  feature  in  the 
work  tfcfure  ua  ia  the  fact  thiit  it  compnaea  all  the 
improvementa  introduced  into  the  practice  of  holh 


Kuffliah  and  American  auri^ery,  and  though  far  from     which  he  will   be  richly  repaid. — St.  L*ui*  Mt4 


iiniittinR  mention  of  our  contineniiil  nei^ ht>ura,  the  '  oad  Surg.  Jaumal,  March,  lefiO. 

«uihor  by  no  meana  inconragea  the  notion — bo  I  too  I      d^  || 

;irevalcut  in  aome  quartera— that 

inleaa  imported  from  Frucce  or 

latter  half  i}(  the  work  ia  devoted  lo  the  dinaidera-    reapecta    nod  a  work  o(  ci 


„         ,      .  ...  amilton  la  fortunate  in  bavin*  anereedfd  in 

prevalent  in  a.)me  quaflera-  that  uothin|f  la  good  I  fti|j„.  ,he  void,  ao  l/>ug  fell,  with  w  f,  u 

"Jill"  iVi^.'?/^'l^^".'".  !'/"°^.''..''';  f""'"""^-  ..I"'    lobeatonceiiccepledaanm.  i 


rnrnitt  fail 
►o»« 
We 

lied 


f  .ud 
I  «-i- 

I  v'jiuktde 
Ijraueb  of 
I  lie  re  ('■■re, 


lion  of  the  vurinitadlPlocnlionaand  Iheir  nppropn-    ,i„ecreiy  eon«ratulnte  Ihe  pr 
»Ui  treatinenl.  and  ila  rocnl  la  fully  equal  U>  that  of    j,i„„  „„  i|,e  upp^afance  of  .u.  i,  ,, 
Ifiiui'''  *  p«rUon.-7A.  Leiuiom  LAmttt,JAay  S,    one  of  their  nuiul.er.     We  hnve  n  >. 

*™^"  I  of  II  aa  au  oriftiiiftl  work,  Uitri  in  .. 

It  ia  emphatically  tht  book  iip<in  the  auhjreta  nf .  enlific  point  of  vi«w.  and  to  < 
Which  It  treata,  and  we  cannoi  doubt  thai  it  will  '  guide  in  a  moat  difficult  nu  . 
Conlitiiji-  m  to  lie  fur  an  indefinite  period  of  lime,     aludy  atrd  practice.     On  evt-i 

W  I  .  however,  Hint  we  believe  It  will  at     we  hope  ihut  it  may  a<M>n  be  ivult  Jy  Umwh  abroad 

''*>  iiice  aa  the  brat  ti'jok  for  conaultalion    aa  so  evidence  of  genuine  pn  xroa  on  this  aide  of 

b)   ■•  ri-r;  iiijil  ilmt  It  will  form  the  moat     the  Allanlio,  unJ  fn 'K' r,  tliuf  ii  i,,, ,   I..   .i,;i  ni'>re 

Cnnij^.l.:f,  nvii  'liableruide  in  emergen-     widely  known  iii  flier 

eieaofeveryii  I'-d  with  Ita  aiilijrda;  and    from  which  ev«  ■  J  aa 

■lauthiit(he»ru  :•  ry  mny  rnukc  it  hia  tejil.     iiffordiDg  nn  cx^i  «Ud 

biNik  wi'h  •htiri'  ciiiilidcucc,  and  with  pleiiaure  alau,     untiring  iodualr)'  luiiulhor&ljip  wiiicliLirr)  tutgcva 
f/oiD  Ita  ngreeuble  and  enay  atyle — w«  ihiuk  our  own    may  eu.ulale.-  Am.  Utd.  Jeumal,  April,  1800. 


HOBLYN  {RICHARD  D.),  M.  D. 
A  DICTIONARY  OF  THE  TERMS  USED  LN  MEDICINE  AND  Tl 

Cf)LI.,ATERAL  SCIENCES.  A  new  Amcrioiin  «ditioD.  R^vi*"*?!),  wiih  niimvroua  Additions, 
by  Isaac  Hays,  M.  D.,  ediiorol  the"  Americnij  Juumai  of  the  Alt;*JicnlS<^ien«»."  In  one  l»r^ 
royal  12mo.  volume,  leattier,  of  over  OOO  double  columoed  pages.    91  50. 

To  both  practitioner  and  ttudent,  we  recommend  uae  ;  emhrneing  every  department  of  medieaJ  icj*ao« 
thia  dictiouitry  ua  hnnir  convenient  in  aize,  accurate  1  down  to  the  very  luteal  dale. —  W«»»»ra  Lamftt. 
In  definilioij,  and  auBiciently  full  arid  complete  for        Hoblyn".  Diriinru.rv  hi..  U^ng  f.'-en  afavorilewilk 
ordlnnryconaallalK>n.—rAnrZ«j««aAI«d.  .;<»*«•,  L,.     Itiait  awrhave.and 

We  koow  of  no  dictionary  better  arranffcd  and]  ou|rht  alw  ideni'a  Uble.— > 

adapted.  It  isnotejieumbered  with  tbeobaidetelernn  I  SMtiAam  i^i 
of  a  byguue  age,  but  ll  eoataiu*  all  that  are  now  la 


HOLLAND'S  MEDICAL  NOTKS  A.VD  RE- 
FLi;cT(oNS.  Fr.im  the  thud  London  edition. 
In  olic  hniidaoine  iivUv«>  volume, e&ira  cioUi.  83. 
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HO0QE(HUQH   L.),   M.  D., 
Profraior  of  Midwifery  and  the  Diieaaei  <if  Wom«;n  and  Children  in  the  Uoivcrtity  of  Peooiylirauin,  Ac. 

ON  DISEASES  PECULIAK  TO  WOMKX,  indufJinp  Bisplacomcnts  o(  the 
IJierus.  AViih  originul  illoHlraii.HiK.  In  one  beautifully  printed  octavo  volume,  of  nearly  SOO 
pages,  extra  cloth.     53  25.     {Kow  Ready.) 


\V«cpill  any  at  once  that  tti«Wfirlt  fulfi la  in  object 
capitatlj'  well;  und  wc  will  rimrenvtr  venture  the 
Aascrlioii  thai  it  wiU  innugumtn  nn  inmnivrd  praC' 
ttce  lhri>ughnut  thii  whiilc  country.  Tlir  trcri'taiif 
Ihr  anthitr'n  aucrrsa  iirc  ait  clearly  r<!V<>nliKl  ehat  tlie 
aileotivr  aciidcnt  cannot  fail  in  inanre  agoudly  pr>r- 
tioq  lit  (imiUr  •ucceat  in  hia  nwn  pr(ictic«.  It  it  ■ 
eredit  to  til  medical  titemturr;  and  we  add,  that 
(be  fihyairinn  whn  dnra  n<it  place  ii  in  hia  litimry, 
and  whn  dnra  nut  luithfaily  cnn  ita  paget,  will  loa« 
a  vait  dcAl  of  knowlcdee  that  would  be  moat  oaeful 
to  biirmrlf  and  bvnctlciiil  to  hii  pHlirtita.  It  is  a 
jrraelirat  tpork  o/lKn  k^ghe.M  or/fer  p/  mfrit;  and  it 
ivlll  take  ranir  ni  lur^li  irnmrdintelr. — Marglandand 
Virginia  MtdUml  JourHai,  Feb.  ibtil. 

Thi»  contrihution  townrda  thei  eluridatinn  of  the 
patlioUi^y  and  trpjiltiiriit  tif  aKiof-  of  the  disrasra 
|>«ciiltar  lo  wnmrn.cnnnot  ftiK  tit  meet  with  n  f«vtr- 
•  blp  rereptinn  from  ihe  meriifJil  proffiainn.  The 
chiirwitcr  of  the  particuliir  inaladiea  i<(  which  the 
work  Ueiiire  u<  trema;  tlieir  frequency,  vnfiely,»nd 
iiliaKUiiiy ;  the  •mnant  ul  mnlaiicand  oven  of  uctanl 
muCiei'tDfi  by  whirh  th^v  iire  iDVutlnbly  iiltFudtd; 
tlieir  tiliatiDHcy,  tlie  diiTiculty  wirh  which  ihry  are 
nvercoini*,  nod  i)  eir  dif  position  ucnin  and  a^iiin  to 
lecur— theae,  taken  In  connection  with  the  entire 
comtirtrney  of  the  author  to  render  n  currccl  ac 


priate  management— hit  ample  experiener,  hi*  ma- 
lured  ju<i|;inent,  iiud  his  perfect  conaclentinuaoeaa— 
ioveai  thia  pul<licaii'<u  wilh  an  inierrat  anO  vntne  to 
whicti  few  of  the  medical  irentiaea  of  a  rrcent  UNt« 
can  lay  a  alronger,  if,  perrhnnce,  nn  equal  cliilm.~ 
Am.  Journ.  .V"l-  Sci*»cet,Jitu.  llfOI. 

Indeed,  although  no  part  of  the  volume  in  not  emi- 
nently deaervioK  of  peruaal  and  itudy,  we  think  that 
the  ninn  chnpt«ra  devoted  to  thi*  iutijpr<>i,  nro  enpe- 
cinllv  BO,  and  wi  linow  of  no  more  vulaaMr  inono- 
irraphupon  the  iymptom<i,  prngnoaii,  nnd  miinuj(«- 
nienl  of  theae  annoying  raaladlea  than  ia  ronttitu'ied 
by  Ihia  pntt  of  Ihe  woik.  Wo  cnnnot  tiut  regard  it 
aa  one  of  the  moat  orittinnl  and  m  xl  nracticni  worka 
of  Ihe  dny  ;  one  which  every  acrnucneur  and  phyai- 
cino  ahould  moat  carrfully  rejd;  r'or  we  Mre  per- 
auadrd  thiit  he  will  ariie  froni  iti  prrnanl  with  new 
idena,  which  will  induct  him  irtou  mole  rHiJoniO 
practice  in  rrgnrd  to  mnny  a  lutrr^rin^  feinile.  who 
may  htive  placed  her  hrnllli  in  Iiih  hunda. — Britiik 
Amtri~: an  Journal,  Feb.  1^61. 

Of  the  mnny  excellencea  of  the  work  we  will  D«t 
(peak  nt  lenitth.  Weiiilviae  all  who  would  ucqiiire 
a  litowledgeof  (he  proper  munageinent  ot  the  niNln- 
dieiof  which  it  troiK,  to  itudy  it  wilh  rare.  The 
aeci  nd  purt  ti  of  ittrlfa  most  valuable  contribution 
to  the  practice  of  niir  nrt.—^m.  Mtd.  lianihlg  mid 
Ntw  York  Review,  Feb.  1861. 


eounl  of  llieir  nature,  their  euuaea,  and  tl>eir  appro- 
TLe  iUuBtrations,  wbiuh  ore  all  original,  are  drawn  to  a  uniform  scale  of  one-half  the  natural  •iae. 


HABERSHON  rS.  OJ,  M.  D., 

Auiatant  Phyaician  to  and  Lecturer  on  Muleria  Mcdicu  nnil  Thernpeutiei  at  Gny'i  Hnapllal,  Ae. 

PATnOLOGICAL   AND   PRACTrCAL  OBSERVATIONS  ON  DISE\SES 

OF  TJIE  ALIMENTAHY  CANAL,  CEr^UPlIAGLtS,  STOMACH,  CAECUM,  AND  INTES- 
TINCS.  With  iilu4trutu)ii»  oa  vrood.  lu  one  baiid:romo  i>ctavo  volume  «r  31t2  page*,  extra 
cImiU      $1  75.     (iVow  Ready.) 


JON£S  (T.   WHARTON),   F- R.  S,, 

Profeaaox  of  Oplitbalmic  Medicine  and  Surgery  in  Untversily  College,  L.ondun,  &c. 

THE  PRINCIPLES  ANT)   PRACTICE  OF    OPHTHALMIC    MEDICINE 

AND  8URGERV.  With  one  hundred  and  ten  itfiisirationi«.  Scccitid  American  frutn  Ihe  Mcond 
and  revi»ed  Lon<toii  ediiion,  with  additi<msl>/  Edward  Hartshohnb,  M.  D.,  Surgeon  to  WilU' 
Hospilttt,  ice.     In  one  large,  faojidsoine  rt>yal  t2mo.  volume,  extra  cloth,  oi  500  pages,    f  I  dO. 


JONES  (C.  HANOFIELDl,  F.  R.S.,  &  EDWARD  H.  SIEVEKINQ,  M.D., 

AfliiiUnt  Phyaiciana  and  Lectiircri  in  St.  Miiry'a  lloapital,  Limdon. 

A  MANUAL  OF  PATHOLOGICAL  ANATOMY.     First  American  Edition. 

Kev)>ied.     With  Ihreo  humlreel  and  ninety-seven  hnndsome  wood  engravings.     In  one  large  and 

beautiful  octovo  volume  of  nearly  750  pages,  leather.    S3  7.'). 

Aa  a  conciae  text-bonk,  ennlaitiing,  in  a  cundecied  i  obliged  tn  glean  from  n  great  anmberof  mnnnrrapba' 
form,  a  coirip>te  outline  of  what  it  known  in  lli«  |  and  the  field  wat  to  cittcD»ivc  that  but  few  cultivated 
domuiii  of  Palhohi^icni  Anatomy,  it  la  perhaps  the  it  wilh  any  dejsree  of  auccrt*.  At  a  timple  work 
beat  work  in  ibr  Kneliih  Inngun'c.  Iti  great  merit  I  of  reference,  therefore,  it  la  of  great  value  to  the 
Donaiaiain  iii  eomplcccncaa  andlirevliy,  and  in  liila  i  atudent  (if  pntholucical  anatomy,  and  ahould  be  ia 
reaped  it  aiippliea  a  great  deaideratum  in  our  lite-  every  phyiiciaa'a  library. —  Wuurn  Lamctt. 
ralure.    Ucret«)fore  the  atudent  of  psihulogy  waa  i 


KIRKES  (WILLIAM   SENHOUSE),   M.  D., 

Demonatrator  of  Morbid  AnatJ^niy  tt  St.  Oartliolumew'i  Hoapiral,  tc. 

A    MANUAL    OF    PHYSIOLOGY.      A  new  American,  from  the   third  and 

improved  London  ediliun.     With  two  hundred  illUHlratioiiH.     [r  one  large  and  hand.iuine  royal 
12nio.  volume,  leather,     pp.  5S(3.    $2  00.    (LatiJy  Puhtinhnd.) 

Thi*  It  a  new  and  very  much  improved  edition  of  i  and  lla  rnrefully  cited  authnrittca.  It  i«  the  irtnal 
Dr.  Kirkea'  well-knuwn  Mnndboolc  of  Phyaiology.  |  eonvenientof  f.ext-booka.  Theae  gentlemen,  Meaara, 
It  cmxibinea  eoDciaencaa  with  completeneaa,  and  ia,  Kirkea  and  Pnget,  have  the  gift  or  telling  aa  what 
therefore,  admirably  adapted  f'>r  coiisuUation  by  the  I  wo  want  to  know,  without  tliinkiuR  it  nereaiary 
buay  practitioner. — Dublin  Quarterly  Journal.  to  tell  ua  all  they  know.— fioilo*  Aric(<   aad  Surf . 

One  of  the  very  beat  handbooka  of  Phyaiology  wt     Journal. 

poa.cat-prca,-iir'ing  juat  auoh  an  outline  of  the  aci-        ^or  the  atudent  beginning   Ihia  atiidy,  and   tha 

cnce  oa  the  atudent  rcijoirei  during  hia  attendnnce  I  pT,p„,i„,^^r  who  hna    but    leiaure    to    rcffeah    hia 

upon  n  cimrae  of  I  re  i  urea,  or  for  reference  whilat     memory,  thia  b,K>k  ia  invnluiible,  aa  it  conknina  all 

preparing  for  «JXBmination  —  ,4w.  M«ii£fl*7o«r»a/   ',,„j   jj   j,  „op,„ta„i  to  know.— CAor/Mtoa  Mf 

Ita  exeeUenee  ia  in  iti  contpaotneM,  itaeleatneaa,  I  Journal. 
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BLANCHARD  ft  LEA'S  MEDICAL 


KNAPf'S  TF.CnNOhOGT ;  or,  Cheminry  Hpptied 
l(*  lt\f  Aru  iinrt  tr>  Miinufncture*.  Edited  l>y  Dr. 
R<i»Ai  rj»,  llr  Rk'IIaIidmok,  and  Prof.  W,  R. 
JiiiiMtim.  Inlwii  hnnilaoriif  fiivo.  vola,  witbabout 
4Ub  wo«deaf  raving*,    ffi  (Ki. 


LAYCOCK'9    LECTIJUKS    ON    THK    I'RIXa- 


In  ..„. 


LALLEMAND  AND  WILSON. 
A    PRACTICAL    TREATISE    ON    THE    CAUSES,    SYMPTOMS,   A5D 

TREAT.MfNT  <ii-  <;|>fc:RMATORRHCEA.     By  M.  Lalj.kvasd.     Traaslai-'  — '  -« '^ftj 

HiMKY  J    ^'-  Third  AmiTican  fdilinn.     To  which  i*  added iSEs 

OF  TilE  \-  ■]  SEMINALEi^;  a»p  thkir  associatrd  oroaxa.     W  r-fa* 

cntx;  i«  ihe -Mufl'i'l  .'"ri^retions  of  ibe  Prostatic  and  Ur««iUral  Muc»u«  MemSraiic      L>)' i>Ul 
Wu3o»,  M.l).    In  u(ie  neat  ociBVo  Volume,  ofabuui  400  pp.,  exiraclotb.  9'^  00.   (Jmr  itmti.) 


vyt  T  i\^tT 


LA   ROCHE  (R.),  M.  O.,  &c. 
"^V  '  rrd  in  ita  Historical,  Pathological,  EtioUvn^' 

.;  a  Sketch  of  the  Di-wafe  &»  il  ti««  <X!<*urT«d  ia  PiutaM|ikit 

L  -  „  .iiioiiof  thecoanectiua!*  txrlween  il  aiul  th«  i'eT«nkiui«i* 

be  i^niiio  nniiie  in  tiiher  purt*  uf  innperate  a»  well  8«  m  tropi>«t  re^pua.     Ia  iwo  laifc  wd 
Iconic  ortavo  voliimtv  olneaHy  1500  pa^»,  extnu'loth.     #7  00. 


1  Pra/titor  S 

It'MUtlirtlt     lif     I 


/'     '  '*aW<j<cii,  S.  C, 

•J  well  applied  re- 
•«•  '  lit  ..•jjii,,.lf .     It  il,  iDilrril,  In 

I''  .  uid  if  iJ««tinrd  to  cumtliiitf 

lit'  B  »  twHik    ii(  rrfcrciicp,  in   Ihc 

aulijrc-t  K)i  wiiicli  u  trcaia,  to  all  ruiore  time. 

\Vr  hnirp  not  time  at  prevrnt,  engaged  aa  we  are, 

l»y  ''•'"  ■■■  •'  ' '  •    !-  "■'•  wiirk  of  c<>inF>MtiD(|t  thu 

vr  .;  in  oat  city,  to  do  ninri 

111"  ;'-c  of  whnt  we  eonaidcr 

aa  iiii.i-ui.i.  nil  lur-  i„i»i  „t,\ti  and  erudite  i»<rdicnl 
putiljciitioc  ijiir  country  hni  yet  pttKluced.  But  in 
view  uf  (he  aturlhujj  fact,  that  thii,  Uie  uiual  umlig- 


nart 
ha*  I 
to  a  L 

longf  r  cm 

himaei ;  li 
ceaa  nciw  i 
ia  VRtTinii' 

^r.\f^  in  f 


-''Xtera 

'«r  tctmy 

'h9t  It  la  at 

t4u*l\  PiCiea,kll 

tati'iai,  «aillan» 


fm- 


rally  lead  ui  lUe  aaaUi Mtm^Jk**  Jl*4.  tUtuttM. 


BY  THK  8AMB  AryHO*. 

PNEnMONIA ;  its  Supposed  Councction,  Pathological  and  Etiolo^cal,  witi  Ai- 

hi  I' 1  i!  Fever-,  iiiciiHJinp  mi  ln<)uiry  into  the  Ksi^lciii"*- unti  Morbid  A^ticy  of  Malana.    Uoa» 
bHU(J.->ome  iH^tavo  volume,  rxiru  ckith,  ofOOO  pogen.    S3  00. 


LAWRENCE  (W.),  F.  R.  S.,  «tc. 
A  TREATISE   ON   DISEASES   OF   THE   EVE.     A    new  edItioTi. 

with  nnrntrouK  adiliiion*",  and  243illu«i;ralions,  by  Isaac  Hays.  M.  D.,  SurgtxKi  ro  Wiil'» 
tal,  <Sirc.  In  oni?  very  lari^i;  and  handsome  ootaro  rolumei  ot  960  p«ge«,  stroDgly  btMind  a 
with  raised  bauds.     (5  00. 


teate' 


LUDLOW  fj.  L.),   M.  D, 
A  MANUAL  OP   EXAMINATIONS  upon   Anatomy,   Physiol  --    «"f^, 

Practife  of  Medicine,  OI>-leirii**,Mi»terni  Mnlica,  Chomi«lry,  Pharmacy',  and  'J  .  Ta 

which  \s  added  a  Medu-al  Fortniilary.     Third  edition,  IhoroUf^hly  rt*v;j«d  and   ^  -imM 

and  enlarged.    With  370  illuslratioiis.    In  one  handaotne  royal  12aio.  volume,  leaUier,  ol  tttt 
large  pages.     $2  SO. 
W>  tnow  nf  DO  tif-tter  ciitnpajiioii  for  the  itudetit  |  trnmmut  into  hia  bead  by  the  varioaa  prcrf'astfta  W 

daciii«  llie  hiiura  R[>etit  In  ttic  lecture  ronm,  or  to  re-     vvtiom  he  la  ooinpelled  U>  iiatea. —  Wm*Uf%  faawli  | 

froah,  ttiaglauce,  hianiemury  of  llie  variuua  Coptea  |  Mhv,  1^57. 


.'  .,    ,   ■       --^^-^  ;- .aiw- 

The  moat  Important  (>r>ntr1batioa  aa  yet  vm^t  Id 
Phyaiolngieal  Clieiniatry — Am.  Jputmml  Mtd.  5m> 

•arrj,  Jan.  18M. 


LEHMANN  (C.  Q.) 
PHYSIOLOGICAL   CHEMISTRY.     Tran-slatcd  from  the   second  editJoo  \rj 

Gkobge  E.  Day,  M.  D,,  F.  R-  S.,  &o..  edited  by  R.  E    Honrnn.  M   D  .  Prt>ft-*ynr  of  ^Srmi-try 

in  the  Medical  Department  of  the  UniverMty  of  Vv 

FuuteV  Atla*  of  PhyfiioloRical  (Jh»'iiiii»iry,  and  an  A 

and  tiondaome  octavo  volumes,  extra  cloth,  coutalnin^ 

tratioas.    $6  00. 

The  work  of  l^ehmana  atanda  nnrivalled  ■«  the 
moat  comjirt'lienuve  tiouk  of  reference  and  infnrma- 
ti«*o  extnnt  no  t-vtrry  branch  of  the  aubjecton  which 
It  treala.— fdiitiiHrgA  Janmal  o/  Midtcai  SeUna.  j 

BY  THE  8AMK  AtJTMOR.      (I^Uly  Puhlishfd.) 

MANUAL  OF  CHEMICAL  PUYSIOLOGY,     TraDHlat^ri 

with  Noleftand  Addition*,  by  J.  Chrston  Mokkis,  M.  D.,  with  ati  I  i 

Force,  by  Profe»»or  Samtibi,  Jackson,  M.  D.,  of  the  nnt\^er*ity  of  1 

traiion»  on  wood,    in  one  very  handsome  octavo  volume,  extra  cloth,  ul  33ti  {Mi£e»,     tU 
Frow,  Prof.  JafJtton"*  iHtruduriorti  Eamo^. 

In  Bdopling  the  handbook  of  Ur.  Lehraann  as  8  mam-  ' 
•ludeiitK  of  the  University,  and  in  recomneudlM:  U*  • ' 
for  their  more  mature  sludie*,  the  high   "*"  '**k\^^tr 
«tjr  in  that  important  department  of  W  Wf  sf'-  'M^*' 


*). 


Vital  I 


LYONS  (ROBERT   D.),    K.  C.  C, 
Late  PnthiilnRiat  in>cliief  to  the  Rrititii  Army  In  the  Crimea,  fte. 

A  TRKATIvSE  ON  FKVER;  or.  f»election<^  frora  a  course  of  Leotares  on  Fever. 
Beins:  pnrt  of  n  ooiir!>«  of  Thr>nrv  nnd  Practica  of  Medicine.  lu  one  n«at  octavo  rolunke,  of  303 
puge»,  extra  olulh;  $2  00.     {Now  Keai/y.) 

From  the  Aut}ior''s  Prtfaet. 

"  I  am  inrtiic^d  to  publish  this  Work  on  Fever  with  a  view  to  bring  within  the  rcHch  nf  the 
^liKicni  and  junior  praciilioner,  In  a  convenient  (brm,  the  more  recent  retulta  of  inquiries  into  the 
Paiholi^ry  and  Therapeutics  of  this  formidable  cia»i<  of  diceare^. 

'•  Tho  work?  of  the  jivat  writer»  on  Fever  are  *o  numeroti*,  and  in  the  prei^ent  day  are  scattered 
in  so  mnny  larfrunfre*,  thai  ihev  are  dirRculi  of  access!,  not  only  to  stiidenli*  but  iiI:»o  to  prneliiipoera. 
I  »ball  deem  myself  fortunate  if  I  can  in  any  meat-ure  supply' the  want  which  is  felt  in  thin  respect. 

We  have  g;reat  plraaurn  in  reminnicnilin^  Dr. 
I.y<>n»*  wi'rit  on  F«i'«r  to  ihe  attrDlion  nf  the  pr«v 
fetfiiin.  It  ii  n  wnrlc  wlijcli  pnnnot  Tiiil  to  rnhnnce 
the  nnthor'a  ivrtvioui  WFll-eiirD«il  reputstinn,  ai  a 
rtiltecat,  carefu',  un<J  aoeu'nte  ol)sctrer.— Srilij/i 
Mt^.  Journal,  .Marcli  'l,  1t>0l. 

Tiikrn  a«  a  whole  we  ran  re<<omniend  it  io  the 
liifhrat  teriiK  an  w«ll  woriliy  tlie  car«fdl  perasal 
and  alady  of  every  ituUent  and  practitioner  cu  medi* 


cine.  Wr  C(»n»irter  ll»e  worlr  a  moitt  valnable  addi» 
linn  tn  medical  litrraturc.and  one  deatined  ti>  wield 
no  little  inHuenee  over  lue  minil  of  the  prufraaion. — 
Mfi  and  Swr.  Kfport'T,  May  4,  1661. 

Thitii  on  lutmtTalite  w^orlc  upon  the  raoit  remark- 
sMe  and  niitat  imnortnnt  rlnia  i>(  difenae*  to  wlileh 
manliiDili  are  liuiile. — MiU.  Joum.  of  K.  CaroliiMf 
May,  imi. 


MEfQS  (CHARLES  DJ,  M.  O., 
PTofft»or  of  Obitctnca,  Ac.  in  the  Jefferaon  Mfidieul  College,  Philadetphia, 

OBSTETRICS:  THE  SCIENCE   AND  THE  ART.    Tbinl  o'lition,  revised 

and  improved.    With  one  hundred  and  twenty-nine  iliu.'ilrations.  In  one  beaulifuJIy  printed  octavo 
Volume,  leather,  ol  seven  hundred  and  fitl)''-lwo  large  pagea.     $3  75. 


Tlioii)fh  the  wotIc  hni  receiv^i)  only  five  pnfea  of 
enliirgrmrnt.  it*  ctvaplrra  throiiptinat  wear  the  iin- 
pre«n>f  en refu I  revision.  Expungiuf  and  rewTitinp, 
remrHlelliniir  itaai'ntrnera,  with  I'CPiixionnl  new  nia- 
Ceriul,all  rvince  a  lively  iteaire  that  it  *hull  draervr 
to  he  regarded  ai  improved  in  tfUtnurr  b«  wpII  aa 
mtHfr.  In  the  mattrr,  every  atroke  of  the  pen  hoa 
lncren«'-d  tiic  value  of  the  ImkiIc,  both  in  expungfinga 
and  additiiata  —WtMUm  Laneti,  Jan.  KSt. 


J  The  beat  American  work  on  Midwifery  that  ia 
.  nccraiible  to  tlie  atiident  und  prRctitioncr — jV.  VT. 
I  Mrd.  and  Surg.  Journal,  Jon.  1SS7. 

Thit  ii  a  atnndard  work  by  a  preat  American  Ob- 

atetrldnn.     It  ia  the  third  and  luat  edition,  and,  io 

the  laDRUii^^fl  nf  the  prefacev  Ihe  author  has  '■tiroiifrht 

Ihe  aubjecl  u[>  to  the  lateat  dutea  of  real  im|>r<»ve- 

I  ment  ill  our  Bft  atnl  Scitnce." — tioihtrillt  Jquth.  itf 

I  Af«d.  ami  Surg.,  Mny,  1837. 

BY  Tint  SAME  AUTHOR.     (Jltjit  Imntfd.) 

WOMAN:  HER  DISEASES  AND  THEIR  REMEDIES.     A  Series  of  Leo- 

tureH  to  hi»  Clnsa.    Fourth  nud  Improved  edition.    In  one  large  and  beautiAitiy  printed  octavo 

volume,  leather,  of  over  700  pages.     *3  bO. 

In  other  rcHpf  eta,  in  nur  eitimittton,  too  much  can-  1  Which  cannot  f»i1  to  recommend  the  voliinc  to  the 
not  he  amgd  in  prnice  of  ihia  work.     It  a'lounda  with    attenliun  uf  the  reajer. — Ranking^!  Abairatl. 
brautifiit  paaaaRef ,  and  for  coociaenean,  for  oriiria-  i       .  ,  ,  ,  ,    , 

nlitv.and  for  all  that  la  eonitriendat>le  in  a  work  on  I  "coatalnaa  vaal  amount  of  praciioal  knowledge, 
the'diaoiaea  of  fenmlea,  it  la  not  escrlled,  and  pro-  I  "V  """  who  haa  accurately  ol.aorved  anil  rcuiined 
b  .biy  not  rmmlled  in  the  Biigliah  lanjruaRe.  On  the  '^e  eiportence  o(  many  year..— £>««:»»  Qnatutif 
whole,  we  know  of  nii  wora  on  ihe  diaeaiea  of  wo-     Joumat. 

men  which  we  can  ao  eordgully  comoinid  to  the'  Full  of  important  matter,  ennveyed  in  a  ready  and 
•indent  and  practitioner  na  the  une  tMsfureua. — OA»«  agre«at»le  manner.— 5i.I.ovi#  Mtd.  and  Surg.  Jour. 
Ued.  and  Surg.  Journal.  —.         ■  _.       .  , 

™,     ,     I      ,  ..     .      ,    ,  .,.,...  Tiiere  la  an  off-band  fervor,  a  clow,  and  a  warm- 

The  h.Hly  of  the  Look  it  worthy  nf  attentive  coa-  he«rtedneaa  infectinic  the  eff  irt  o?  Dr.  Me.ga,  which 
aidenition,  and  ia  evidently  the  production  of  a  „  entirely  cnptivntinc,  and  which  absolutely  har- 
clever  .houRhlful.  and  Mgaciooa  phyaiemn.  Dr.  „„  t,,^  reader  throuufi  from  begionin^  to  end.  Be- 
Meicta'a  letter*  on  the  diaeuaea  of  ihc  external  or-  !  ,jd^,_  j^e  bmik  tcema  with  lolid  iaitruclion,  and 
fana,  c..ni»,n  many  intereatios  an.  rare  caaea,  and  |  ,t  ,howa  the  very  biKhcii  cvldcace  of  atnlity,  via., 
many  instructive  obaervationa.  We  uke  our  leave  the  clearneaa  with  which  the  informatKm  ia  pre- 
of  Dr.  Aleiga,  witli  a  hi^b  opinion  of  hia  talenia  and    .^m^^^,,     ^Ve  know  of  no  better  teat  of  one'a  undor- 


originaljly  — rA«  £ri(MA(M(i  Foreign  M*dieo-Cki 

Every  chapter  ia  replete  with  practical  inatmc- 
tion.  and  licnra  the  impreaa  of  beinj;  the  coniiroaitton 
of  an  iicute  and  experiencc^^ind.  Theff  iaa  terae- 
neaa,  and  at  tbe  aania  tim^an  accttrncy  in  hia  de- 
MfiptioD  ol  aymptoioa,  and  in  the  rules  for  diugnoaia, 


ataadina  a  inhjecl  thiia  the  evidence  of  the  power 
uf  tncidiy  explaininf^  it.  The  moat  elementary,  aa 
well  aa  the  ubicurcat  autijecta,  ander  the  pencil  nf 
Prof.  Meixa,  are  iaulated  and  made  to  tiJind  out  ia 
■uch  bold  relief,  aa  to  produce  diatinct  linpreaaiona 
opon  the  mind  and  memory  of  the  reader. ^Tia 
CkarUtum  Mtd.  Jmmmai. 


BT   THB  SAMK   AirTUOR. 

ON    THE    NATURE,    SIGNS,    AND    TREATMENT    OP    CHILDBED 

FEVER.     In  a  fj«riei<  of  Letlerf«  adifresf^ed  to  the  StudentM  of  hia  Claaa.    In  one  handsome 
octavo  volume,  extra  cluth,  ol  365  pn^e».     i'2  ■'>0. 


Icrtable  book.  •  •  •  This  treatiae  upon  child- 
bed fevera  will  have  an  rxtcnaive  aale,  being  dea- 
lined,  aa  it  deaerves,  to  god  a  pluce  in  the  library 
of  everypraolitjiiner  whoacorna  tojag  in  tbe  rear. — 
iVajAvtj/a  Journal  ^ Utditin*  nndSutgtrf. 


The  Inctriictive  and  intereating  anlhnr  of  this 
work,  whoae  previouii  iRttora  hrtve  placed  hia  coun- 
trymen under  deep  iind  abiding  obli^nilona,  ngain 
ehftllengea  their  admiration  in  the  frcah  and  vigor- 
tiua)  auractiva  and  racy  pagea  before  ua.   It  la  a  de-  ■ 

BT  TBK  SAMB  AITTHOit ;  WITH  COLOKED  PISTES. 

A  TREATISE  ON  ACUTE  AND  CHRONIC  DISEASES  OF  THE  NECK 

OF  THE  UTERUS.    With  numeroui  plates,  drawn  and  colored  from  nature  iu  the  Ikiflieai 
style  ul  art.    ia  oae  handsome  octavo  volume,  «xlr»  cloth.    f4  00. 
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BLANCHARD   A   LEA'S    MEDICAIi 


MACLISE  (JOSEPH),   SUFIQEON. 

SURGICAL  ANATOMY.  Formiug  one  volume,  very  large  imperial  auarto. 
W'th  siixly-eighl  Urge  aiul  j-plendul  Plfiten,  <)rawii  in  the  \m;m  style  and  »H?oti(i<ulV  dWoird.  Coc* 
taining  one  hiindrtrd  and  ninety  Fi?i>re»,  many  o(  (hem  the  *i»;  of  life.  Together  wah  c>opi(ra« 
and  explanatory  lcti<.*r-pres».  StrnnirH'  nnd  handtH)meIy  bound  in  extra  rlotli,  Ix^jng  nue  of  Uw 
cheapest  aud  iHfst  execuied  Surgical  work*  at*  yet  iii^ued  in  (hi*  country.  $11  00. 
•,•  The  size  of  this  work  prevt  riis  it*  tran»mi»sion  through  the  post-office  n»  a  whole,  bm  tho«« 

who  desire  t«>  have  copies  forwarded  by  mail,  caa  receive  ihein  in  five  part*,  done  up  in  atoni 

wrapper*.     Price  89  00. 
Onr  »(  th<!  Krcjitpvt  artimie  triumph*  nf  the  age  I     A  work  which  hai  no  aaritllel  in  point  nf  aeea- 

tn  9urf(icml  Anatomy. — Brititk  ArturitMi  Mtdical    racy  nnil  chenpnrtK  intheEagliah  laiii|;u«(e.— Af.  Y. 

Joitmnl.  jQurnal  a/ MtiKi*$. 

Nn  practitioner  whnur  inrnnawill  admit  should 


fall  to  ix^nrckii  It — Rti(ik%mg'i  Ali'trtct, 

Too  iiitirii  eanuiil  l>r  •md  in  it*  |inii»«  ;  Indred, 
WB  hnvf  not  lajiKuiifte  to  liu  il  jaalice. — Ohio  Mtdi- 
tat  nnd  Sutfit.iu  Joutmitl. 


We  are  extremity  frntifit^  to  acaounre  to  t*<J 
prorrtaion  the  cumplctinn  "f  thu  truly  mAcmfiecatl 
work,  Which,  hi  a  whole,  ecrtAinly  atnntlt  aBM^l 
vailed,  both  f<ir  aoeuracy  of  drawing,  b^anty  ttt\ 
coloring,  and  all  the  reqnitite  erpliiDation*  of  (he  > 


The  moit  accnratcly   enicrnved    and  beanliftally    ""•')"•'   in   hand —T**  JVfW   OrUaiu  M*iU»l  omA 

colorcrt   plaici  we  hnve  ever  ieen  in  nn  American  |  oHfiriiro;  Journal. 

book— one  of  tin*  i.r«i  nn<l  •tuiiprgt  •ufmcal  workt       __.        ,     ,     ^.       .,    .         ..        -       .„,  » 
ever  pul)li.h«l.-fii.j7aJo  AlrdicW  /o«rna/.  Th"«  ,»»  ^Y,  f*^  »•»«  »''l««  "^^^  "*  Pttl^iral  AM. 

toniy   that  has  mime   under  our  iilitrrvuLioo.     Wa 
It  il  very  rare  that  lo  e1ef;«nt1y  printrd,  lowell    know  of  no  iitlirr  wi>rk  that  would  jutiiu    a  »,',*•■ 
illnalrated,  and  lo  uicful   a  work,  ia  offered  at  ao    dent,  in  any  drf^ree,  for  m-alrrt  of  ictual  diaare- 

"  ■  "  '     Jiicn 


mudernte  a  price.— rJkar<<:iioa  M*<iieal  Journal. 

I 

tti   plate*  can  bonat  a  aupcriority  witic-h  place* 

theinnlmoiilieyund  tite  reach  of  competition. — iltdi-  j 

Country  practitioner!  will  find  Iheae  platea  of  im-  I 
meoae  valno.— iV.  Y.  Mtdical  Ottttu.  I 


tion.  In  Ihoae  ■ucld^Q  emrr^rn<-iei  tUnt  ao  nfttn 
arise,  ami  whji'fi  f<?qnire  tlieituittntaDe^iuicomBjand 
of  niiTiii!enm'iimirKl  knowlrrlge,  a  work  of  I  fn*  kind 
ker  ,>  K  of  llie  diaaertiiig-room   prrpclually 

fr'-  iry. —  Th*  W**ttr*  Jouruat  of  tStdi- 


MILLER  (HENRY»,  M.  D., 

ProfeiaoT  of  Ob»tetrica  and  niaeimca  of  Women  and  L'hiMrrn  in  tbe  Univeriitv  of  Lonlivilte. 

PRINCIPLES  AND  PRACTICE  OF  OBSTETRICS,  <tc.;  ineiudiug  the  Treat- 

menl  of  Chronic  Inflamninlion  of  the  Cervix  ftild  jlmly  of  the  Ulerni*  considered  as  a  frequent 
entire  of  Abortion.  With  aboiil  one  hundred  illiislrulion?'  on  wood.  In  one  very  bund^ome  oc- 
tovo  Volume,  of  over  600  pages.    (Lutttly  Pnhli»htil.)    f3  75. 

We  congratulate  the  author  that  the  taak  la  done. 
We  con^jralnlHte  him  thnt  he  hniKiven  to  the  medi- 
cal public  a  work  which  will  lecurc  for  him  n  high 
and  permanent  poiition  anion);  the  itiindard  aullio- 
ritieaon  the  prinriplea  and  orHclice  of  olnletriei. 
Con^rHlulutioni  are  not  leai  due  to  Ihe  medical  pro- 
fetiion  of  thi*  connlr>',  on  the  aeqiitiilioa  of  a  trea- 
tise emIiiHlyini;  the  retulta  of  the  aliidiea,  reflectioiia, 
and  experience  of  Prof.  .Miller.  Few  m«-n,  if  «ny, 
In  thi*  country,  are  more  competent  than  he  to  write 
on  tdiRdepartnieatof  medicine.  Engii^ed  tor  thirty- 
five  year*  ia  an  extended  practice  of  otiatelrici,  for 
many  year*  a  teacher  of  ttiii  branch  of  initriiction 
in  one  of  the  largeat  of  our  inaiitutlona,  a  diligent 
atudent  a*  well  nia  carefnt  oliacrver,  an  'iriirlnalnnd 
independent  thinker,  wedded  to  no'  holihiea,  ever 
ready  to  coniidcr  without  prejudice  new  viewi.and 


tion  to  which  ita  merit*  jnatly  eatilln  it.    The  atyle 

il  fuch  thill  the  druTiptK'nerirr  clear,  and  eiich  nsl— 

jcct  II di. 

its  priir!i 

ucceptatW' 

tltionert        \\  c    ••unii.ii,    Ir  i^v•-V'-■^,  --li'-r    Umj    Jtr.-r 

notice  without  rotigratalitiin^  the  author  and  ih* 

profesGioD  on  the  priwlnctlon  <»f  lucti  an  '■TfeUeat,] 

treaiue.    Tlir  author  ii  a  wiierr 

feel  jirond,  niid  we  cannot  hut  Ih 

will  find  nuiny  readers  and  warm  »-. . 

obatelricB  is  tauKht  and  studied  a*  a  icirnor 

art — Tk*  Cintinnnu  Lanetlatut  Okatrtxr. 

A  moat  reapeetable  and  valuable  addition  to  ootl 
home  medical  literature,  and  one  reflecting  credit 
wlikenn  the  author  and  ihe  in*tituti<in  lo  wnirh  h« 
I*  attached.    The  atudent  will  bnd  in  this  «-ork  a 
most  useful  f^uide  lo  bis  studies;  the  ei:>aarry  pfse- 


lo  adopt  innovuilont  if  they  are  reuily  iinprovrmenls, 

and  withiil   a  cl«r,  agreeable  writer,  a  prarliral  ii„„„„,  rusty  in  his  reading,  can  obtain  from  its 

treatise  from  his  pen  could  not  fml  to  possess  great  pages  a  fair  r^sum^  of  (he  m  .dern  literature  of  tita 

vulue  -i?ii<?^o/o  Mid  Journal.  sc.encej  and  we  hope  losee  this  American  prcmoc 


generally  consulted  by  the   profeasiMi. — fa. 
M*d.  Journal. 


In  fuot,  thlsvolutnemuit  rnkc  it*  place  among  the 
itandurd  ayitemalic  treutiaei  un  ubstetrici ;  a  |h>ii- 

MACKENZIE   (W.),    M.  D., 

Sargeon  Oculist  in  sScotlimd  io  ordinarj*  to  Her  Ma;e*ty,  iLc.te 

A  PRACTICAL   TREATISE  ON    DISEASES    AND  INJURIES  OF   THE 

EVE.  To  which  i*  prefixed  art  Anatomical  Inlrodiiction  explanatory  o(  a  Horizontal  Sen  ion  ol 
the  Human  Eyeball,  by  Thomas  Wharton  Jomks,  F.  R.  S.  From  the  Fourth  Kevised  and  En- 
larced  London  Edition.  With  Note.x  and  Addilions  by  Addinki.l  Uewson,  M.  D.,  Surgeon  to 
Will*  Ho^^ital,  Arc.  &:c.  In  one  very  large  and  bandaume  txitavo  volume,  leather,  raised  bands,  Witk 
platen  ana  numeroua  wood-cuts.    S5  25. 

The  treatise  of  Dr.  Mackenzie  indiapntably  holds  I  able  manner  in  which  the  anthor's  store* nfleamicc 
the  first  place^  and  forma,  in  respect  of  learning  and    and  eipericjicr  were  rendered  uvaiUble  for  generu 
research,  an  Kncyclonipdia  unequalled  in  extent  by    aae,  at  once  procured  for  the  first  editi.^n,  n%  well  > 
any  other  work  of  theklnd,eithcrEngliaborforeiga.    the  continent  a*  in  thi*  country,  i); 
— Dixon  Oft  Diseaut  of  tk§  Ef*.  a*  a  aUndnrd  work  which  each  «. 

Few  modem  bookionanydcpartmentnf  medicine  '"*■  ""*•'«  firmly  established.  \\. 
oraurgery  have  metwith  such  extended  cirfutiition,  duty  of  every  one  wno  Uaithe  lov. 
or  hfivc  priioured  for  their  authors  a  like  ainouni  of  "id  the  welfare  of  tin  paticn(  at  U- 
Koropean  celebrity.    The  immense  reRearcJi  which    ""'^  familiar  with  this  the  roost  ■  'k 

It  displayed,  the  thorough  acnuaintance  wKh  thai  ^"  Eng'i»h  language  upon  tbcdiacakci  oi  the  eye 
aubjcct,  practically  as  well  aa  iheuretically ,and  the  '  — *'"'■  Tivui  and  Oaxiiu. 


I 

I 


MaVNKS    IHSPKNi«ATORV     AND     THERA- |  MALGAlGNE'S  OPERATIVE  SITRGRRV,  based 

I'l'.lTIC.Ar,  RKMKMHRa.VCRH.  \%itU  every  on  Normal  and  Pathological  Annt..my.  Trans- 
Practicul  FotmaUconlameA  vti  v\\e  Wt**  ttt\\.\%Vk  ^  Ut«d  from  (he  French  By  Faansaica  BairfA.M, 
^harmucopceiaa.  KiiUet\,w\V1\  U>e  Hi!n.\v\.\vvtk  o\  Wvt  \  K.Vl.,^^.  V*\AX»^\k\a«.\iMitvUu»trMtioaaoo  wood, 
raimulia  of  the  V3  .  S.  P\\tt.tn\ftCirare\w.  \i-s  ^.  V..\    \\x  v.»w».  V-a-R4v>\w.  "•:\*.nq  's^.\vvw»_.<^.v..'.■fc.  t^t^Ok.Q 


.U^.,JML.«S\.^^5R»¥V 


iuc«.t\^  «\:L>9L«BAaa<^ 


AND   SCIENTIFIC    PUBLICATIONS. 
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I 


MILLER  UAME8),  F.  R.  S.  E., 
Prnrraaor  of  Surgery  ID  the  Univerilty  iif  Edinbur|;h,  fto. 

PRINCIPLES  OF  SURGERY.     Fourth  American,  from  the  third  and  revised 

Edinburgh  edition.    In  one  Inrv^  and  very  heauliiul  volume,  leather,  of  700  pa^es,  with  two 

hundred  and  forty  illu^^traiions  on  wood.    $3  75. 

Th«?  w-irk  of  Mr.  Miller  u  loo  well  nnO  Lm  fnvor-  I  The  W"rk  Ultp*  mnk  with  \Vftt»nn'«  Practice «f 
■  biy  kii'iwn  Hnmiig  ua,  na  ook  ofnur  l>ral  tfxI-lxMiki,  |  Pbyaic;  il  oercuitily  ilivra  not  full  lietiiod  tlial  great 
to  rrndcr  iiny  further  notice  of  it  ncceasury  ihatt  the  i  work  in  aoaodnt'ti  nf  principle  or  rieptb  of  reoana- 
auDnuueentoit  cif  a  new  edition,  the  fourth  in  our  inn  mid  reaenroh  No  phyiifian  who  vaho't  hi*  re- 
eooniry,  a  pniof  <»f  jta  ext>?fiaivc  circulation  anionf  '  puLution,  <»r  iwclrathe  iiitereaca  of  hi*  clif-nia,  can 
U«.  Aa  a  coiiciaeand  reliable  ex|M>siti'>n  of  the  aei-  I  arnait  hiinaelf  hefure  tiivGod  und  the  world  witb<»ut 
enceiif  m<Hlern  aurfery,  it  atunila  dearrvedly  hii(h —  '  mnVir.pf  himself  familinr  with  the  aound  nnd  philo- 
we  know  not  ilaaupcrtur.—SojtoM  Mtd.a$ui  Surg,  aopliicnl  viewa  develnpfil  m  the  forr.i;oii]([  book,— 
Journal.  I  JV«i«  OfUatu  Mtd.anii  Surg,  Journal, 

9V  THK  SAMS  ADTHOB.      (Jujit  Issutd.) 

THE   PRACTICE   OF   SURGERY.      Fourth  American  from  the  last  Edin- 


bur^h  L'lliiion.     Rfvi 
enirrtiviii^:.  no  wood. 


td  Jjy  Iht:  Aiiierit'Hii  editor.     Illiii»trftied  hy  three  hundred  and  lixty-fouT 
In  one  large  oclavo  volume,  iealher,  of  nearly  700  pageH.     W  7.*). 


No  eiie<<miiiin  of  our*  covild  add  to  tUe  pnpnlanty 
of  Millrr'a  i'uricrry.  Ita  reputation  In  tliia  country 
la  anaurpiiaard  Ny  that  of  nny  other  work,  and,  when 
taken  in  connection  with  the  authnr'a  Printifln  of 
S«rc«ry,  conatitutca  a  whole,  without  reference  to 
Which  noconxMcntii'ua  aurgeon  would  lie  witling  to 
practice  bia  art— Sok>A<  m  Mtd.  and  Surg.  Jemmal . 

it  la  •r<ldnin  that  two  vulainea  have  ever  mad«  ao 
profound  an  iinpreaaiojt  in  ao  abort  ■  time  aa  the 
•'  Prinriplea"  and  the  "  Prnrlipe"  of  Surpery  by 
Mr.  Miller — orao  rictily  meriled  the  reputulmn  they 
have  Bpqiiirtd.     The  «uihor  ta  an  emmently  aeaui 


bia  worka,  both  on  the  principloa  nnd  pmctice  of 
Burgerv  have  been  nsaigD>-d  thehi|!heit  ntaik.  If  W« 
were  limited  to  bat  one  work  on  aurgery,  that  one 
ahould  bo  Mtller'a,  a*  wc  repHrd  it  aaiuprrior  to  all 
olheri . — «5i.  Louit  Med.  and  Sitrg.  Jouraal. 

The  anthor  hna  in  thia  and  hia  "  Principlra,"  pre- 
•eiiteil  lo  theprofeaaiouiinetif  (he  moat  coinplnte and 
reliable  ayitema  of  Surjerv-  ejctanl.  Ilia  atyle  of 
writing  ia  ori|tmal,  ira^ireaaive,  and  enKii|(lri|ir,  rner> 
^fUn,  roDt'iae,  and  lucid,  few  have  the  faculty  of 
conilenamp  ao  iiiucli  in  aniiill  apace,  and  at  the  aaine 
time  ao  prriiiKtrrilly  holding  thealtenlii>n.    Whether 


blc,  priiriicnl,  and  well-inforrard  man,  who  know*  j  „  ,  text-book  i»r  itudeiita  or  a  book  of  reference 
eMctiy  what  ho  la  Uilkinn  iibnut  Rml  exactly  how  to  ,  ^,„  nrn.-liliourra,  il  ciiunot  be  too  atronrly  recom 
Ulk  It  — A(».<iicAy  AUdieai  Ktcordtr.  mended— 5oiitA«r»  Jourmal  of  Mtd.  amd  >Ay<icA 

By  the  a.Lnioat  uniutimoua  voice  of  the  profeiaion,  |  Scitnc**. 


MORLANO  (W.  W.l,   M.  D., 

Fellow  t>(  the  Mnaanrtiuaella  Medical  Society,  Bee. 

DISEASES  OF  THE  URINARY  ORGANS;  a  Compendium  of  their  DiagnosiB, 

Pniliolng-y,  ntid  Trealinent.     With  jllu!«trBlto«ig.     In  ono  large  and  handsome  oclavo  volume,  ot 
ahoui  600  pugpes,  extra  cloth.    {Just  ftsH/ui.)    $3  50. 

Taken  aa  a  whole,  we  can  reeommrnd  Dr.  Mnr-  j  yeiina«necinct,narr«tiona]  atyle,  aueh  a*  to  reader 
lard'a  coinpendiuni  naa  verydeatrnhle  addittoo  to 
the  library   of  every  m<-dical   or   surgical    prucM- 
tioner.— Brii  and  For.  Mtd.-Ckir.  Riv.,  A pril,  1»59. 

Everj-  medical  pmctitioner  whose  ntteniion  haa 
be«o  to  any  extent  attracted  towarda  the  riaaa  of 
dia^aet  tu  which  thia  ireatiae  rt'Ltlei,  inuat  have 
often  und  aorely  experienced  the  wnnt  of  aoijte  full, 
yet  con<'iie  recent  compemlium  to  which  he  ciiulJ 
rrfcr.  Th)a  draidcrnlum  Ima  hren  anpplied  by  i>r. 
MorUnd,  and  ii  baa  been  iibly  dime.  He  haa  placed 
before  ua  a  full,  judicioua,  and  reli.-ible  diiteat. 
Each  aubjcci  ia  Ireuted  with  cufficientuiiouteneaa, 


tli«  work  one  <>f  grrai.  inlerest,  and  one  which  will 
prove  in  llic  high'at  deirre  tiacful  to  the  general 
practitiiiner.  To  themeoiiteranrtheprofeaaton  in  the 
country  it  will  be  pecuLinrlv  valUHhle,  on  uccotiat 
of  the  cbura7lerjatica  which  we  huve  mentioned, 
and  the  one  broHd  uiiii  of  practical  utility  which  la 
kept  in  virw.  und  winch  ahlneaout  upon  every  pii|te, 
tojtclher  Willi  the  akill  which  ii  evinced  in  the  com- 
louution  i»f  tliia  'irrunit  reqiiiaito  witli  the  utinoat 
brevity  which  u  juat  trcuinient  of  tlieaubj^clt  would 
aUiuil. — y,  Y.J»mra.of  MiditiHe,Huv,  isM, 


MONTGOMERY  (W.  FJ,   M.  O.,  M.  R.  I.  A.,  Ac, 
ProfcMor  of  Midwifery  in  the  King  and  Queeii'a  College  of  Phyaiciuna  iu  Ireland,  Ac. 

AN  EXTOSITFON  OF  THE  SIGNS  AND  SYMPTOMS  OF  PREGNANCY. 

Wiih  ffome  other  Fup<?rs  on  i>ubjerl.»  connected  with  Midwifery.  From  the  second  and  enlarged 
English  e«liiion.  With  iwo  cxfim-ite  color«?d  plat*"a,  and  luimproii!'  woi^l-rMts.  In  one  very 
hiunl^^onie  oclavo  volume,  extru  cloth,  of  nearly  600  pagvji.    {Lately  PuhlisKed.)    $3  75. 


A  book  anuaunlly  rich  in  practical  auggeattona. — 
Am  Jauraai  Med.  Seuatu,  Jaa.  1857. 

Tbeae  aeveral  sulijrcla  ao  autcrekting  in  thcnt- 
aelvea.  und  an  iinnortJinl^  every  one  of  Ihem,  tu  the 
mopl  drlifate  unit  prccioua  of  aocinl  relitliont,  r>4in- 
trolliiig  oftrn  the  hnnur  and  domcalie  pence  iif  a 
family,  the  leRiliinucy  of  offapiing,  or  the  life  of  ita 
parent,  Hie  itll  Irrulcd  with  .in  ekitniicr  cf  djirtii>n, 
fulnrai  of  illuBtrutinaa.  iicutriieaaniiij  joatice  ttf  rrn- 
(oning,  unpurnlleleil  in  oliaietrics,  and  unturpiiBned  lu 
mrdieine.  The  rcmter'a  iniereal  can  never  flig.  »o 
fretb,  and  vi)tori>u*,  and  cluaaical  ia  our  aullior'a 
at)  le ;  and  one  forgeia,  in  the  renewed  charm  of 
every  p«me,  that  it,  and  every  line,  and  every  word 


haa  l>ecn  weighed  and  rewetghed  through  yeara  of 
preparation  j  that  thia  ia  of  all  other*  the  book  of 
Ol>itetric  Lnw,  on  etich  of  ita  aevcral  topics  i  on  all 
poiuta  coDueeled  with  pregnancy,  to  he  everywhere 
received  aa  a  manual  of  apeciai  jurisprudence,  at 
once  unoouncing  fnct,airorJing argument,  e«iMbli«h- 
lug  precedent,  and  governing  alike  the  jurj'inuu,  ad- 
vncBie,  and  judge.  It  ia  not  merely  lo  ita  legal  re- 
lationa  ibut  we  find  thia  work  so  inlereating  Hiirdly 
n  page  but  that  hns  its  biota  or  facta  importHm  to 
the  iieneral  practitioiirr  j  iini]  not  a  chapter  without 
especial  matter  for  the  anatomiat,  phyenolocist,  or 

pathologist a.  A.   Mtd.-Ckir.  Atvitw,  March, 

1857. 


MOHR  (FRANCIS),  PH.  O.,  AND  REDWOOD  <TH  E0PHILU8). 
PRACTICAL    PHARMACY.     Comprisine  the  Arrangements,  Apparatus;  and 

Manipulnlionsof  the  Pharmufeulical  Shop  and  Laboratory,  Edited,  with  exien»ive  AdditionB, 
hy  Prof.  William  Pboctek,  ol  the  Philadelphin  College  of  Pharmacy.  In  one  haud^oinelf 
pf  iuted  oclavo  voliune,  extra  clolta,  ol  570  pages,  with  over  SOD  engmvuigs  on  wood.    I'i  75. 


BLANCHARD   Ac   LEA'S   MEDICAL 


NEIUL  (JOHN),  M.  D., 

Surf  ron  to  ilie  Penaaylvajiin Hoipita.l,&.e.;  and 

FRANCIS  GURNEY  SMITH,  M.  D., 
Profector  4tr  Icttituies  of  Mfdiclue  in  the  Pennfylvojua  Medical  College. 

AN  ANALYTICAL   COMrENDIUM    OF   THE    VARIOUS    BRANCHES 

OF  MEDICAL  SCIENCE;  lorihe  Useanil  Kxiiminaiion  oi  Snidenlfk.     A  new  edit  ion,  rerifed 

and  improved.     In  on*'  very  liirg«  ktid  hniid'-oiiifly  printed  royal  IQmo.  vuliiine,  uf  aUtul  ana 

tbouKand  pages,  with  374  w«»od-coU.    Siruiigiy  txiuiid  in  leulher,  wiih  miwd  liund».     S'i  HO. 

The  very  ttaiirrins  reception  wrhieti  Im^'  b«en  accorded  to  ttiis  work,  and  the  high  cH'-tiiTiuit;  r>lfte«d 

upon  ri  by  (he  priire>!<ic>n.  a»  «vinred  by  the  coiiMani  niid  tnerea^^inii;  df  cnand  whicrb  ha*  rapidly  ez> 

hniixted  two  large  ediiiori»,  hove  Mimulmed  ihe  Huthori  lo  render  the  volume  iii  it*  present  revisioa 

tnor*?  worlhy  ol  the  i«itfceH<>  which  ha»  niieiided  il.     It  has  ai-corduigly  heen  thoroii'rhly  exftmiaed, 

and  Hia-h  ernjrn  as  had  on  former  Dccusioii"*  escaped  oh!*ervution  have  been  corrected,  aiid  whatever 

Bildilioii>  were  nece«*Bry  to  inaiiilain  it 'on  a  level  wnth  the  advance  of  wieni-e  have  been  intrc>dirce*l. 

The  extetnied  seriest  of  Illu?tration«'  ha*  been  still  further  increased  and  much  improved,  while,  hy 

K  «liirh(  Kularpemenl.  of  the  pa^,  lhe»e  variou-i  addiliun»  have  been  iucorporated  without  increasing 

the  '•ulU  iif  the  volume. 

The  work  i>,  therefore,  npiin  nresenledaseminently  worthy  of  the  favor  with  whieh  H  ha»  hitherto 
been  received.  As  a  bi>ok  lor  daily  reference  by  the  student  reqtiiriaz  a  guide  lo  his  m*re  elubomte 
texi-li«Mik«.  UK  A  maMiinJ  fur  preceptor'*  desiring  lo  »ttmulute  their  student*  by  frequent  and  aor-ur&la 
«xaniinuiion,  oranajouroe  Iroin  which  t)»e  praciititnierurti  older  date  may  ea>'ily  otidche»iftly  wequir^ 
a  knowledge  ofllie  changes  and  improvement  lo  prolcMional  !^cienc«,  iu  repuiaiion  is  permaneoUy 
esiablirhed. 
Tiie  hfit  work  of  the  Icind  with  which  we  are  i  the  uradent*  i«  h^Mivy,  and  review  nerc«««ry  for  as 


aequiiinle<l. — Mrd.  Exnmtfur 

Having  mii<te  free  uie  of  thia  vnlum«  in  onr  nx- 
aininii'i'>n*  of  |>iiplli,  wr  enii  •|i«-rtl!  from  experi- 
encf  in  r'-r'niiinirn'ltng  It  xa  nn  nilinirntile  eoinprnd 
for  ■tuilr'nla,  aiKl  n*  mprriiilly  uir>ful  to  prrrrplon 
whii  rmminr  Ihrlr  pupil*  It  will  wvr  thr  tenrher 
much  lalior  hy  cdiiI>Iiiik  him  readily  to  reoMll  all  of 
the  |i<i|titii  upon  whicb  hi*  pujnU  khoukl  l>e  i<x- 
aminetl.  A  w<irlc  of  tins  aort  sh<iu|il  he  in  the  nanila 
of  evpry  tinr  wlio  t«lcr»  pupili  inin  hii  i-IJipe  Willi  ■ 
riewof  exnininin;;  ttieni;  anil  Chit  laanquriliimuMy 
the  heal  of  iti  cUaa. — T^amn^lvamia  Mtd,  JoMmal 


exnininntion,  ft  oompend  ia  not  ooly  valnnhle,  hvt 
it  la  nlmoata  tin*  fun  mm.  The  one  ttrfurr  ■•  la, 
in  moat  of  the  diviaiona,  the  moat  unrxreplionatile 
of  all  bonka  of  the  kind  that  we  know  of  The 
neweat  and  aonnde«t  dnctnnea  B.n'1     '  '    i>n- 

provrmenU  and  Umcuveripa  are  e.i  ;»h 

e.on<"i»rIy,  Isid  before  the  atudf-nt  abb 

to  wlo'in  we  very  aineerely  ciiii  <-«k 

III  w<irth  iti  wetfrht  ID  lilver— '  >a> 

at^a  In  inodir-inc  of  more  thm 
who  have  nol  atndjeil   inedirinc  Bin'r        I  i"-) 


prrhnpa  ^nd  <iul  from  it  tbut  thr  arirDrr  la  nol  exactly 
now  WJiai  it  waa  wlien  tliey  left  it  of. — 7**4  SuiAo* 
Id  Ute  rapid  fioarae  of  lectarea,  where  work  for  I  tcop*. 


NEUIGAN  (J.   MOORE),  M.  D.,  M.  R.  I.  A.,  &e. 

{A  tpl^itUid  ttvri.     Jiut  Ixtutd.) 

ATLAS  OF  CTTTANEOUS  DISEASES.     In  one  beautiful  qnarto  volume,  extii" 

cloth,  with  splendid  colored  platen,  prcseoting  nearly  oae  hmidred  eliiboraie  repres«niaiioQ»  ei 

di!>eB.4e.     %A  SO. 

Thi'  tteuiitiful  volume  io  intended  as  a  complete  and  accurate  representation  ol  all  the  varieties 
of  Diseuf*?  ol  the  Skin.  While  it  can  be  consulted  in  coujuucliim  with  any  wort  on  Praciife,  li  baa 
efipeetal  reference  to  the  author's  '♦  Treatise  on  Di««a«««.  of  the  Skin,"  so  favorably  received  by  the 
profe:i»ion  some  yours  .<ince.  The  publishers  feel  ju jit itied  in  «ayiiig  thai  few  ini>re  t>eautiiu(ly  exe- 
cuted plate*  have  ever  been  premsnled  lo  ihe  profession  of  ihi»  country. 

N>lirJ<n'a  Atliia  nf  CotRDeoiia  Diaeoaea  tupnlira  t  jrive,  at  a  rowp  d'(ri7,the  remarVaMe  peealuaritiM 
lotiK  existent  deaideratum  much  felt  liy  tlie  lar^eat  of  each  individuiil  variety.  And  while  ihua  Iftedia 
Cinaa  -•(  our  prufeiaion,  I(  preaenta,  In  quarto  size.  |  eaae  la  rendered  more  definiihle,  tliere  la  yet  oo  i««B 
16  plRlea,  each  cnntainlna;  from  3  to  0  ngurea,  and  of  priip'inion  ineurred  by  the  neeeeaarr  onaeMitra- 
fortiiing  in  nil  a  lutal  of  DO  diilinrt  rrpreaentiitiona  lioa.  Knrh  fitiire  ii  hiri'i'  <'.<!-.ir,l  nml  a.,  iiuthfuj 
of  the  dilTcrent  apeeiea  of  akin  alTeetiona,  grouped    ima  theartial  Ijeea  that  '  -vrf 

together  Iti  genera  or  familiea.     The   iUitatrntioni    could  not  juatly  take  ex-  r  of 

have  liecH  taken  from  nature,  and  have  I.een  copied    the  exeeutiiin  of  the  pii-._.^i .^ >  .— 

with  aiieh  fidelity  that  they  preaenl  a  atriking  picture    ilf»iilr«ai  M*i.  CKrvmicU, 
of  life;  m  which  the  reduced,  aeale  aptly  icrvca  lo  I 

BT  THK  8AMK  AlTTnOR. 

A    PRACTICAL  TREATISE    ON   DISEASES   OF  THE   SKIN.     Third 

Americnn  edition.     In  one  neal  roynl  I2mo.  volume,  extra  cloth,  ot  334  page*,     tl  00. 

tf^  The  two  volumes  will  be  sent  by  miul  on  receipt  of  Five  DoUan. 


^^J^If  JPJ*   "^"^^^  DIFFEBENT   FORMS   OP  I     One  »ol.  roriliamo.,  extra  cloth  with  noraei 
TH£  8KKLJITON.  AND  OP  TttE  TEETH.  |     UliutraUoai.    81  M 

PlRRIE(WrLLIAM),  F.  R.  8.  E., 

Profeaaurof  durgcry  in  the  Untveraily  of  AberdeeD. 

THE   PRINCIPLES  AND  PRACTICE  OP  SURGERY.    Edited  by  Johw 

Nkill,  M.  D.,  Profewsor  ofSurgery  in  the  Penna.  Medical  College,  Surgeon  lothe  Peunkylvonia 
H<i<pilal,  dec.   In  one  very  hiuidiKime  octavo  volume,  leather,  oi  780  pages,  with  3l6  iUuatratioiU. 

Wa  know  of  no  other  ■nrgicnl  work  of  a  reaaon-    rately  diacnB«««i  the  prinnitiic.  or  «iir>«rv 
ahle  aize,  wherein  there  is  ao  much  theory  and  prac*    a«fe  and   eaeelunl  prni  • 
tiee,  or  where  aobjeota  are  more  aouudly  or  clearly     Perhunt  no  work  upon  l: 

{ht — T^t  SttUoiCOpt.  I  ia  BO  full  upon  the  aeuu.  .  „., 

f.  Pirrle,  la  the  wott  bctoic  u»,  Yi*.»  e\u\».  ,«**^^^^»l**»»*^«f  MviMita**  •»<*  fivrrory. 
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PARRISH   (EDWARD), 

Leetnrer  im  Pmcticftl  Pharmacy  Had  Mnteria  MHiira  in  the  P«flDiylvania  Academy  of  Meriieinp,  fte. 

AN  INTKODUCTION  TO  PRACTICAL  PHARMACY.     Designed  a»  a  Text- 

JJcKik  (or  the  Stiitleiit,  nnd  as  n  Guide  for  Jhe  Phv^ieian  and  PhBrmnceiitiM.  With  mtiity  For- 
tnulw  and  PreffripticiiM*.  t^eoond  edition,  greBlly  eiilarptd  and  improved.  In  one  hhtidr^'imo 
oclRvn  votuine  uC  720  pagm,  wtib  e«veral  butidred  Illusiralion»,  tsxtra  cloth.  S3  M).  {Jttti 
lirHtil.) 

Diiring  ihe  phort  lime  in  which  ibis  Work  ha*  be«n  before  the  pro(er»!'ion,  it  ha?  been  received 
wiih  very  g<vat  favor,  and  in  a^t^umiog  the  pofiriim  uf  a  binndufd  authority,  il  hao  filled  a  varanry 
which  had  been  severely  felt.  StimulRled  by  ihi»  eneourugvmenl,  the  author,  in  availing  hitiiE^II 
of  the  oppiirtiinity  of  n;vi>ion,  ha:*  fpared  no  piiin*  to  render  ti  more  Worthy  of  the  confiJeni-e  he- 
■lowed  upon  it,  and  bi«  asxidunus  labors  have  made  il  riulier  a  new  book  ihan  a  new  editicni,  iiiuny 
portitio'  jiuvuig  t>een  rewritten,  and  mueh  new  nndimpnrtimt  matter  added.  Tbe^e  Blieraiiuii>  and 
improvements  have  been  rendered  nece^?dry  by  the  rapid  progre->  made  by  pharmaceul teal  !>eience 
during  tiie  laiit  few  yenrs,  and  by  Ihe  addiliunnl  experience  obtained  in  the  praelical  Ufe  of  Ihe 
volume  a»  a  text-book  and  work  of  reference.  To  aecommodale  lbe!>e  ttnproveineni^,  the  Mze  ol 
the  pogo  hutt  been  nmtenatly  enlar$red,  and  the  niiml>er  of  puf^e^  considerably'  increased,  pn^srniing 
in  (ill  iwariy  anfkaJfmort  mailer  man  the  las'l  edJtion.  The  work  j»  iherelore  now  preseiiteJ  as  a 
eoiiiplele  exponent  of  Ihe  subjeei  in  il»  most  udviinced  condilron.  From  ihe  most  ordinary  inulters 
ID  the  dispensing-  otTJre,  to  Ihe  m<y^K  complicated  details  of  Ihe  vepeiuble  alkuloid*.  it  is  hufted  ihot 
everylbiiig"  requisite  lo  the  prBCti-mg  piiysiieiun,  and  to  Ihe  npmliccury,  will  be  found  hilly  and 
clearly  ret  furih.  and  thiit  the  new  mailer  aliim^  will  be  wnrih  mure  ihaa  the  very  moderate  uust  of 
ibe  work  to  tho.-e  who  have  been  consulting  the  previouj*  edition. 

Tlmt  Kdward  Fiirrtah,  in  wrilinjr  a  l>onk  opnn  'will  BnJ  all  tiiitt  |hey  desire  to  know,  nni)  thntild 
elicol  Plittrmiicy  loint  few  y«?ni»  iigo — one  emi-  ,  Juinw.  <ni{  very  little  nf  wtiich  iLoy  do  re«il>-  <ii<>w 


nenlly  <iri)(in>l  and  unique— diit  the  mfiiiL-ul  unil 
pbRrniiiceutK'iil  iirnteianmii  af^rra*  unti  viiluuble  »^r. 
viee,  no  unc,  we  think,  wn<>  hii>  h«<l  iirccii  to  iti 
pa^ei  will  dvny ;  (Inubl)- wrlcnme,  then,  ia  thin  nt'W 
etlitioa,  coDliiiniug  ilie  Htldnil  reiulti  nf  liii  receoi 
and  TicW  expiriieDee  ni  an  utiarrvrr,  teacher,  and 
nractie  >l  operuKir  in  ihrpliiirniuretiticul  lubiiratory 
Tbo  rxcfllriit  plnil  of  tiin  firtt  li  Inure  thnrougdly, 
and  in  drrnji, earned  ont  in  thitedition. —  P<Ntaiu/ar 
Ked  JanTitnl,  Jun.  I'm*}. 

Of  eourae,  nil  uptithi  ejirici  whn  hnve  not  nlrendy 
a  eopy  of  the  firit  edition  Will  procure  uue  uf  thiaj 
it  11,  itterefiire,  tn  pliyiicinnt  reiidiuf  in  ttie  eouutry 
nnd  in  iriuill  towni,  who  uuniittt  oviiil  ihemielve*  of 
thp  fkkll   >>r  an  etiuenleil  pharmnceiuiii,  tbnl  wc 


in  TcfereDee  to  inii  uiiportunt  colliiteni!  liriitu-h  of 
their  prorciiKin ;  (nt  ic  ia  a  well  eBliiljl)«lir>d  fMCt, 
ihut,  in  ttie  B(  ui^ntiiin  «if  pliyticiaot.  while  ilic  aci- 
raee  I'f  medicine  t»  (lencrally  well  taaglit,  very 
liitle  altEniiiin  fb  paid  to  tha  art  uf  ptt^^nrlaf  thein 
ftir  uae,  ttfjd  we  kimw  not  liiiW  ttii»  Jefpci  fun  !«  no 
wt-ll  rerneiiied  ai  by  procuring  and  conmiliiii^  Dr. 
PaTriih'c excellent  work.— 51.  Louit  Mtd  JoyrMl. 
Jan   1800. 

We  know  of  no  wcrk  on  the  inbjert  which  would 
he  rnnre  indiaprnaable  to  Ihe  phyiicinn  "r  attident 
dpairing  informal  mn  on  the«ubjrct of whieh  il  trciita. 
HViih  Urilfilh'a  '■  fttedicil  Formulary"  and  ihii,  th« 
prucliaing  phyKieinu  would  be  aupplied  with  rienrly 
or  quite  uU  the  rnoat  ii5»«fut  infor  iimiiin  un  ihr  aul>- 


wuuld  evptciully  cuDintend  tbia  wurk.     In  it  they  1  j<ct. — Charltiton  Med.  Jour,  and  Rtvitit,Jita,  IbOO 


PEASLEE  (E.  R.),  M.  D., 

Profeasor  of  Phyalology  and  Geaeral  Pathology  in  the  New  York  Medioal  College. 

HUMAN  HISTOLOGY,  in  its  relationa  to  Anatomy,  Physiology,  and  Pathology; 

for  Ihe  uw  of  Medical  Studenu     Wiih  four  hundred  and  thirty- four  illusiratioas.    In  one  hand- 

some  octavo  volume,  of  over  600  pa^^ea.     {L>iuly  PuAltxketi.)    $3  7,'5. 

It  emhraeea  a  library  apiio  the  tooiea  diieiiaaed  i  We  would  recommend  it  to  the  niedient  aludenl 
Within  turir,  and  i«iu«t  what  the  leachprandleiirner  and  praetilioner,  Jiaeonlnintng  aaummory  of  ul|  titiit 
need.     Another  advuntBge,  by  no  mcnni  to  De  over-  |  ia  known  of  the  impnrtniUauOjecla  wliirh  it  Iroatg; 


looked^  everything  uf  teat  value  in  the  wide  nitigc 
whieti  It  embiaeea,  ia  with  great  *  kill  compreaaed 
into  on  oeiavo  yolume  uf  but  little  mure  than  ais 
hundred  pafei.  AVc  have  nut  only  the  whole  tub- 
jeet  of  Hiitolog-y,  intereating  in  itieU, ably  and  fulty 
diaeuaied,  hut  whul  i«  ol  lafmitely  greater  iutereil 
to  the  student,  l>eciiu>e  of  greater  practienl  value, 
are  ita  rel'ationt  t<i  Anntmny,  Physiology,  and  Pa- 
tholoi^,  which  are  here  fnlly  nnd  aaliafuetorily  set 
Xiyn\x.—lia*kvill*  Jimm.  of  Mtd.  and  Surgtrf,  Dee. 

van. 


of  nil  thut  il  c<int4tiiicd  in  the  great  works  of  t!<iiuon 
and  Lelitnann,  and  the  organic  cfaemista  in  grneral. 
Master  thii  one  volume,  we  woaldaay  t<i  the  medical 
ttudeut  and  practitioner — master  tbis  book  and  you 
know  nil  tiiut  t«  known  n(  the  great  fun<laiiienral 
principles  of  medicine,  and  we  tiave  lo  liesiiiition 
in  allying  that  it  is  an  bouor  to  the  Aincrirmi  mpdi- 
eal  profestiou  thut  one  uf  ita  inembera  should  hare 
produced  it. — SI.  LomU  Mid.  aiut  Surg.  Joumat, 
March,  ld36. 


PEREIRA  (JONATHAN),  M.  D.,  F.  R.  S.,  AND  L.  9. 
THE    ELEMENTS    OF   iMATERIA    MEDICA    AND    THERAPEUTICS. 

Third  American  edition,  enlarged  and  improved  by  the  aulhor;  including  Notteea  of  nioat  ot  lbs 
Medicinal  Sub^tiuiceA  in  ii^w  in  the  eivilized  world,  and  loriniitg  an  Encyclopfedia  of  Materia 
Mediea.  Edited,  with  Additions,  by  Josbph  Cah90N,  M.  D.,  Professor  ol  Mnieria  Mediea  and 
Pharitmcy  in  Ihe  Uiiiversiiy  of  Pennsylvania.  In  two  very  iarre  octavo  voltiuieHol  JlOfJ  pivgi«, 
on  fimnti  lype,  with  about  fiOO  illu8tratioD8  oa  Blooe  and  wooo,  Mroiigly  hound  in  leutiier,  with 
raineit  bands.  S^  00, 
^*0,  Vui.  II.  will  no  longer  b«  Aotd  separate. 

PARKER   (LANQSTON), 

Surgeon  to  the  (Queen's  Hoapilal,  Birmingham. 

THE  MODERN  TREATMENT  OF  SYPHILITIC  DISEASES,  BOTH  PRI- 

MARY  AND  SECONUAHY;  compriMngtheTreotmentof  ConMitwioual  andOonhrtned  Syphi- 
»afe  and  succcbsIuI  meihod.     Wiih  numerout.  Ca§e»,  Furmulte,  and  ClinionI  Ob^'erva- 


li»,  by  a 

tiona.     From  Ihe  Third  and  entirely  rewnlten  L.uudoa  editioa 

extra  cloth,  araiSpageB.    SI  75. 


lu  one  neat  octavo  volume, 


BOYLE'S   MATERIA   MEDICA    AND   THERAPEUTICS;   including  the 

Prepurutiona  ol  the  Pharmacopufias  of  London,  EUlmburgh,  Dublin,  and  of  the  LTniietl  .StalcB. 
With  uuiuy  new  mediutne*.     Edited  bvJ^^^^^^on,  M.  D.     With  ninety-eight  iiiiuirauoiUL 


In  one  large  oclavo  vol  tune,  extra 


it.   sa  00. 
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BLANCHARD    dc   LEA'S    MEDICAL 


RAMSBOTHAW  iFRANCIS  ».),  M.D. 
THE  PRINCIPLES  AND  PKACTICE  OF  UB8TKTKIC  MEPICINE  AND 

SUROEliY,  in  reference  fo  the  Pru*-t;*s  at  Parturition.    A  new  atul  eularieeii  eiliiidn.  ili.'rciiirhly 
revi!M?d  by  the  Author.   With  Addition*  hy  W.  V.  Kkating,  M   D.,  Pr^)rtl^^or.  in 

the  Jf  iTemon  Medirul  College,  rhilBdelpliia.    In  one  large  and  hiindi^otnc  Inij'  'le, 

ol  6'i0  p«ge*i  s-tningly  bound  in  teniher,  with  raised  band»;  wilh  sutiyfour  Uwi.imii  i   wc:-,  and 
numerous  Wuud-cul»  tu  tho  text,  eciuaining  in  ail  nearly  '200  lurge  and  L>euuttlul  lig^urea.   9^00. 

From  P'o/  Htdgt,  of  tKt  Untverttty  of  P<* 
To  the  Anterlcan  pnblie,  it  >■  m<i«i  vuluiihle,  frunt  tti  intrititui  uni)uui>l«d  excvllenee,  and  ■■  l>«llig 
the  belt  ail tborized  exponent  of  BrttliU  Midwifer;.    It«  cirealation  will,  i  truit,  beextcnaive  thrunghiml 
ottr  country. 

II  la  DDnre««Mry  to  aay  anything  in  rmrard  to  thr  i  trnly  pli^ant  ityt*  ia  which  they  have  bfmglil  il 
utility  ol  lliii  w(irlt.  It  iialrcmlynpiJfriMuted  ID  our  out,  exccllinft  lheni»«*lv«-»  in  ii»  priHiurtioit,  esptr- 
ciinntrj  fi>r  the  value  of  the  mfiiter,  llic  ckumr**  of    cially  In  ill  idate«.    It  '     '    '  '"  ■•(  Mriftx 

tt«  ■tyle,  and  the  fulncii  Dfila  illiiitrHlli>oi.    T»  the    and  no*  the  emphxtic  '  J    IIi<<lgc, 

phyMician'*  library  it  it  inilupen*nMe,  whilr  to  the    «■  the  h«>«i  ex|»i>nrnt  ry      V>> 

■tuilrut  a*  n  tPXt-bofik,  frnin  wlin'li   tu  exlrncl  the  I  tm.w  of  no  trst-bixik  w  -  <•»» 

mutprial  for  Inyiniir  the  foiinilatiuti  i<ruii  rtlnriitiun  i<n     to  bn  mure  hi^lily  rrrms  we 

obitrtricul  •cieace,  it  taaa  no  tupcfmr.—Ohio  Msd   I  couUl  wish  i<>«re  it  in  ti.'  ^-rt, 

ami  Surg.  Jemntal.  for  they  wili  Audit inyoiuaDie  lor  rcirrcuce  —  ;ii«4. 

The  publiiheri  have  oeeured  Ita  aneeesa  by  the  I  0**4tu. 

RICORD  (P.),   M.D. 

A  TREATISE  ON  THE  VENEREAL  DISEASB.    By  John  Hunttr,  F  R  8. 

Withfopiou»  Additions  by  Ph.  RicoRD,  MD.    Translated  and  Kditcd,  with  \'*!i 

J.  BrMSTKAO.  M.  D.,  Ijecturer  on  Venereal  at  the  College  of  rby*<cm(i.  and  ~  rfe. 

Second  cdiiirn,  revi«ed,  containing  a  rirumd  of  RtcoRo's  Rbc'kxt  LEcrtf.i  >  <>^  »  n  \>'  r  ■       In 
one  handconie  octavo  volume,  extra  cloth,  of  O'lO  pages,  with  eight  plate*.   $3  2^.   (Juj>t  Imutd.) 
In  revising  this  work,  the  editor  ha*  endeavored  to  introduce  whatever  matter  ol  inirre?i  the  re- 
cent invent i)i;;ation»  of  syphilograj^liers  have  added  to  our  knuwled|re  of  the  •ubjeel.     T*»e  f>rmrm«l 
•Otiroe  from  which  this  h«»  been  derived  ii»  the  volume  or"Lecture»  on  Chancre."  ptiMi'hr<l  a  few 
monthf  cilice  by  M.  Rirord,  which  allbrd:*  a  large  amount  of  new  and  intitruclive  niu  '  ^ny 

Controverted  points.     In  the  previous  edition,  M.  Kirord's  addiliim.^  amuiiiiled  to  i  ird 

of  the  whole,  und  with  the  mailer  now  introduced,  the  Work  may  be  cooisidered  to  pf  •■vn 

■nd  experience  more  thoroughly  and  Oiiinpletely  tboD  any  other. 

Ever)'  one  will  recorniif*  thr  ndrnplrTriiPM  and  i  seeretarips.  «Oinelimr<«rrre«lite»l  «n(<  njiirrtimfs  tiot. 
value  which  ihis  work  Of-ri         '<    .■  -rnilDR  1      Inihrnotnio    '  i.ioi* 

Iheopinioni'  of  ilicw  iwo  i-  Bui,  I  •clfforhisimerp'  -jhtt 

It  must  lir  nitintUrd,  wlm.  one  of    to  the  world  in    i  j.»n. 

till  !'■  fad  that  II  ■  nn-M  coni' i  iier.     Ii»<.  -on- 
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BY    THE  SAXK  AlTTUOa. 

RICORD'S  LETTERS  ON  SYPHILIS.  Translated  by  W.  P.  LArriMoaE,  3L  D. 

lu  one  peat  octavo  volume,  of  27U  pages,  extra  cloth.    Si  00. 


8LADE  (O.  O.).   M.  D. 
DIPHTHERIA  ;  its  Natare  and  Treatment,  with  an  Account  iif  the  History  of  ita 

Prevalence  in  various  countries.     Being  the  DiyjertatiuH  to  which  ihe  Fiske  Fund  Priw  *■« 
Awarded,  July  11,  l&liO.    In  one  Btnall  octavo  volume, extra  clolb ;  75  cents.  (Sow  li^atd^,  J$<Gl.) 

ROKITANSKY  (CARLJ,    M.  D., 
OaratOT  of  Ihe  Imperial  Paihulogica)  Maneum,  and  Proi'eaa«.>r  at  the  Uoiveraity  of  Vieana,  Ac. 

A   MANUAL  OF  PATHOLOGICAL 

bound  in  two,  extra  oloth,  of  about  1200  pages. 

XINQ,  C.  H.  MooKE,  and  O.  E.  DaT.     %5  50. 

The  profpiaion  ia  too  well  acquainted  with  the  re* 
palatioB  of  Rukktanaky'a  work  to  need  our  aaaur> 
anee  that  thia  iaone  of  the  moit  profound,  thorouith. 
and  valuable  booki  ever  iiiued  from  the  ine<lirai 
preu.  It  ia  $tii  f«M(r»'j,an(l  bnanoatandardof  oi^m- 
parison.  It  ia  only  nece^allry  tu  announce  that  it  ia 
laaurd  in  a  form  a*  cheap  a*  it  eoinpiitilile  with  lt« 
■ize  and  prraerration,  and  ita  tale  fullnwi  at  a 
matter  of  conrce.  No  library  can  be  called  com- 
plete  without  it.— fwjfa/o  Mtd.  Journal. 

An  attempt  to  give  our  reader!  any  adequate  idea 
of  the  Vaat  amount  or'  inslructiiiD  acruiniilnied  in 
theae  voluinea,  would  he  feeble  and  hopcleit.  The 
elTort  of  the  diitinf^oiihed  author  to  eoocentrate 
in  atmatl  apace  hia  great  fuad  of  knowledge,  haa 


ANATOMY.     Four  volumes,   octavo, 

Translated  by  W.  E.  Swaink,  Edwaki*  Siivk- 

ao  eharged  hia  text  with  volaable  Imttia,  that  any 
attempt  of  a  reviewer  to  epilomixe  m  nt  nner  par«> 
lyzed,  and  muit  end  ia  a  failure "°  '  ■»f*i. 

Aa  this  li  the  highe«l  toarce  or  ipua 

Ihe  iintportnnt  nubjccc  of  wnich     ■  rral 

■tuilent  ran  alTord  to  hr 
patillKherif  hnve  rniitl'  < 
Ihe  profeaaion  of  llieir  I 
beautiful  edition — M^itnUU  Jourik*U  •>/  .U>s;it<.««. 

Ai  a  book  of  reference,  tbercfure,  ttiia  work  innat 
prove  orineatimahlevalae.aad  we  cannot  totihifhlr 
recommend  il  to  the  profeaalua.— CAar/aiiaai  Al'a. 
JoMmal  and  Rtvitm. 

Thia  bortk  ia  a  neeeaaily  to  every  praeUttoi 
Am.  Mt4.  JkloniAlf. 


I 
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RIQBY   (EDWARD),   M.  D., 

Senior  Phyainna  lo  the  lieneral  Lying-in  Uc>tpiLal,  tte. 

A   SYSTEM    OF    MIDWIFERY.     With  Notes  and  Additional  lUustraddSC 
Second  American  Edition.    One  volume  ociavo,  extra  cloth,  4'2V  pagea.    92  ^0. 

ON  THE  C01JRTYC\3V\V>'&K\i  lYV^K^^W.-^^  v^^  ^^:^\K!iS.  \iVSR4&Ra 
In  one  nealmynl  vimo.  vo\uft\e,ex^VTw.c\ovV,v»\  '^WiVM3»'BMBfci-V^  '^i^ 
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STtLLE  (ALFRED),   M.  D. 
THERAPEUTICS  AND  MATERIA  MEDICA;  a  Syst^mafio  Treatise  on  the 
Action  nud  Lr«es  of  Mist)ici«iul  Ag»*itt»,  including  tb»*ir  J)c»^ripti<«n  uiid  Hi»tory.    In  iwo  large 

,      and  liHiidsnme  oclavo  vdume*.  of  1783  pages.     {Jttxt  Juitueti,  i8U0.)    tS  OO. 

'  Thit>  work  in  desisted  t*sp(!Ciallv  IbrltieistuHenl  aiid  firucii(  inner  of  tnedicine.  nndtKOtaHheviirioHii 
•rtick*  (if  the  Materia  Mcdi<*tt  from  \h<f  point  of  view  of  Hit?  bcd»i«(e,  and  noi  ol  the  shop  or  of  ihe 
ie*"!!* re- room.  While  iliu*  «;ndt?av<>riiig^  to  (five  ult  prBciictt!  intorniuiion  lilccly  Id  be  iiMsfnl  with 
njiijicfi  lo  ihc  eniplijyineni  o\'  fpiciul  rt* nieiiies  in  special  uritiction*,  ami  the  rcnll*  to  be  uitijoipated 
Jrom  ihcir  iMlminiMrution,  n  cupicm^  Index  ot  £li^eu''el*  and  ibeir  RomcdiL'*  renilerR  the  work  umi- 
tieiitly  (itifd  for  referfnce  by  allowing-  ul  a  glaiiLv;  ihe  different  in>^ftii.4  wdu'b  have  been  employedt 
and  enabling  the  prariiiiuner  In  extend  Uib  re»uuri;e8  lu  dilCi'ult  CB:es  Willi  all  that  ibo  experieuct) 
of  the  prules^Jitn  hu»  e<iis^esled. 

Rarely,  imlrrd,  have  wo  had  ■uhmittrd  to  ua  a    fi*d  us  Ihnt  wi"  wrre  not  miflnkcii  in  onr  nnli<;ipi> 
work  <in  mrdicine  ao  pnndproua  in  ill  dimcniinna    tinna  — AVu!  Orlran^  Mediral  HtuiM,  M&rcli,  tSiO. 


I 
I 


aa  that  nnw  li«rure  aa,  nod  y«t  «i>  faaffiiiating  in  itt 
euotrn'a.  It  i»,  therefore,  with  n  prPDliar  gratiii- 
C.itinn  that  Ave  rrcirgnizc  in  Dr.  Still6  thr  pi<s«ea- 
aioD  nfinuny  nrihr>af  mi>re  diilitii;L]i«ht!<l  quuliHuu- 
linna  which  rntiile  him  to  ii[)pri>l>iiiiriii,  and  whieli 
j(.iBti''y  him  Id  ctimiog  bcfure  nia  medical  bretnicn 
«>a  ao  itiatructor.  a  coiniir(>h<-n«ivc  knowlrdge, 
teateU  hy  n  aounti  ao'l  {i>-nelrulin^  juiJirinrat,  joiiietl 
|o  tt  love  iif  prnRreaa- which  a  OiaRrimio'ilinf;  apirit 
of  inquiry  hna  l^mpcrcd  lonii  toaccrpi  nmhing  new 
hecBU»e  It  ia  rew,  and  ubaDdun  tiuthmg  old  bet-auae 
it  itohl,  )ia(  which  (aiiiiiorira  either  neoori  itig  !<•  ila 
relnlinaa  til  a  jiiat  logic  noil  exjierienrr — nuinireila 
iiaelf  «vrry where,  and  gives  lu  the  guitliince  of  the 
amhi^r  all  >hc  naiurnnce  of  aafety  which  ihedifll- 
rnltiea  i'(  hiu  anci|cct  canallnw.  In  I'anclaaion,  we 
raroeallv  ndvla«  oar  reailera  to  naeertnio  for  thf  m- 
aelrca,  by  a  atudv  of  Dr  ^iillfr'a  v>>iuinra,  (he  great 
value  and  inlereal  nf  the  alorea  of  tcnowleilgs  they 
preaeni.  We  have  nlea*iire  In  refeiring  rather  lo 
the  ample  treaanryttrondiiuliied  irutha,  in«  rei«|  aiid 
aaanred  eonqueat  of  medicme,  accuinalnted  by  Dr. 
9tille  in  hia  pagei ;  and  comnimd  the  •uin  of  hia  la- 
bora  to  the  atrrncioa  of  our  readrra,  ab  alllce  honor- 
able  tn  our  acience,  and  crediLnble  tu  the  zeal,  the 
randor,  and  the  jnilirmeot  of  him  vvho  tiuagnrDPied 
the  wbule  an  carefully.— ^diaturf  A  Mtd.  Journtl, 

Onr  expectatirtna  of  the  value  of  thi»  work  were 
baaed  on  Ihe  well-known  repiituUon  and  character 
of  the  author  aa  a  man  of  acliolutly  attainm'-nra,  an 
elegant  writer,  a  onndiil  inquirer  nrier  truth,  and  a 
h^lotiiptiidil  thinker  ;  we  knew  ihot  the  taak  would 


c 


ro  conavieolioualy  peiformed.  and  that  few,  if  any, 
aiinmg  the  diatinguiahcil  luetlicnl  teaehera  in  thia 
C'lUQiry  are  better  qualified  than  be  to  prepare  a 
ayatenatic  treutiae  on  th«iapeuiie«  in  accordance 
With  the  preaent  reqnirementa  of  medical  acience. 
Oar  preliminary  examinaliun  of  tiia  wutk  baa  aaila- 


The  ni'iat  recent  nnlhority  ia  the  one  laat  men* 
tlonud,  i^'illi.  Ilia  great  work  on  '*  Materia  Medi> 
ca  and  Tnerapeutira,"  publiahed  latt  ye»r,  in  two 
oetnvu  yoliiaiei,  of  aoine  ajxteen  hundred  |»i{$ea, 
w^iilo  it  einbi-iiliea  the  reaulla  of  the  Jabrir  vf  ulliera 
up  to  lilt-  time  <if  puhliealion,  la  enriched  with  a 
rreat  amtiuyt  of  rirjKinal  uhaervulion  and  renenrch. 
We  Wi>u!d  drnw  attcniion,  by  tht?  wuy,  to  t»ie  very 
codvrnient  in'Mie  in  which  the  Indtx  ignrnmiird  in 
thia  work.  There  i«  firatao  '  lidet  of  Reniedieaj" 
next  iin  ■' ladrx  of  Diaenaca  and  their  Rrnifilica." 
SuciL  on  arrt^ingeinenl  of  the  Indicea,  in  our  opinion, 
ureully  eohitOL-ea  theprncti?al  valueof  bookanf  (hia 
kind.  In  teitmua,  uhatinate  caaca  of  dJaraae,  whoro 
We  have  to  try  one  remedy  after  another  until  our 
atock  la  pretry  nearly  exhauated,  and  we  are  iilinuat 
driven  to  our  wit'a  end,  aiich  an  index  aa  the  aecond 
of  the  two  juit  mentii>ned,  ia  precisely  what  we 
want. — London  Mt4-  Titn's  and  Uatcrt;,  April,  tWl. 

We  Ihink  thia  work  will  do  murh  to  ohviale  Ihe 
rrlueuince  toa  thurough  inveatigntionof  thia  branrh 
of  scJeniiho  atuily,  for  in  the  wide  range  ofni'-uical 
Ijterntiire  treaaurrd  in  the  Engliah  toDjrue,  we  atiitll 
burdly  find  a  work  written  in  a  aiyle  mure  cleiir  and 
aiinple,  Conveying  forcibly  the  facta  taugh(,Hiid  yet 
free  from  tntgidity  and  rr.ilundancy.  There  iaa  foa- 
cinatiou  in  ila  pagra  that  will  inanre  to  it  ii  wide 
pi)|>ularity  and  iittentive  peruial.  and  a  decree  of 
uaefulneta  not  otlen  attained  thruugh  the  irtl)ueuoa 
of  a  ijjigle  work.  The  author  hat  much  euhnored 
the  practical  utility  of  hia  book  by  paaaing  brietty 
ovei  tlie  pliyairnl,botaui*al,aiid  commcrciHTliiiiory 
of  inedlcinea,  and  directing  attention  chieDy  to  Ihi-ir 
phyaioliigical  aelion,  and  iheir  application  for  th« 
amelioraiinn  nr  eurcMtdiaeaae,  Heignoreahypolhc- 
aii  nod  theory  which  areaualldriBg  to  inany  medical 
writera,  and  ao  liable  to  lead  them  aatray,  and  con- 
finea  hiin  lelf  to  ancb  facts  aa  have  been  tried  in  th« 
crucible  of  experience. — CMeago  Utdieal  JovrnaL 


SMITH    (HENRY    H.),   M,D. 

MINOR  SURGERY;  or,  Hints  on  the  Every-day  Duties  of  the  Surgeon.     With 

247  iliustmtioaa.    Third  edilioa.    1  vd.  royal  12ino.,  pp.  4^j6.    la  Wther,  S2  25;  eluth,  $2  00. 

BY  THE  SAMK   AUTHOR,   AND 

HORNER  (WILLIAM  E.),  M.  D., 

Late  Prufeaaor  of  Anatomy  in  the  Univeraliy  of  Penniylvania. 

AN  ANATOMICAL  ATLAS,  illu.strat.ive  of  the  Structure  of  the  Human  Body. 

In  one  vokiinejHrge  imperial  octavo,  extra  cluth,  with  about  six  hundred  and  fifty  beautiful 
fi^tres.     $3  00. 


Theae  fianrea  are  w«ll  telected,  and  preaent  a 
a<iniplete  and  accurate  repreaeotatiiiD  of  tnnt  won- 
derful fabric,  the  human  body.  The  plun  of  thia 
Atlaa,  which  rendi-ra  it  ao  peculiarly  convenient 
for  the  Mudrnt,  and  ii*  aup«rt>  arliitical  execution, 
have  been  already  pitinted  out.     We  tnuat  congratu- 


late the  ttudent  npoa  the  fiompletioii  of  thia  Atlaa* 

na  it  ia  the  muat  Conveniebt  work  uf  the  kind  that 
haa  yet  nppeareil :  and  we  muat  add,  the  very  Uritn- 
liful  manner  in  which  it  ia  "  got  up"  la  to  crciiiinble 
to  the  country  aa  to  be  llattering  to  oar  national 
pride. — jimartcon  Mtdic<tl  Joumil, 


8HARPEY  (WILLIAMS    M.  D.,   JONES  QUAIN,   M.  D.,  AND 

RICHARD  QUAIN,   F.  R.  5.,  &c. 

HUMAN  ANATOMY.     Revi.9ed,  with  Not<>8  and  Additions,  by  Joseph  Lwdt, 

M.  D.,  Profefwir  ol  Aiiatoiriy  in  the  University  of  Pennsylvania.  CompleMe  in  two  large  o<.'Ibvo 
volumea,  leather,  ol  aboni  thirteen  hundred  pages.  Bcauiil'ull)  illuBlraied  with  over  five  hundred 
•ograviogB  un  wood.    96  00. 

SIMPSON  «J.  Y.  ,   M.  D., 

Prnfaaaorof  Midwiiery,  Ac.,  in  the  Univeiaiiy  of  Kdinburgh,  4c. 

CLINICAL  LECTURES  ON  THE  DISEASES  OF  FEMALES.    With  nume- 

roufl  illu»ir8tion«. 

ThJA   VBhiable  *eriea  of  practical  Leciurea  it  now  appearing  in  the  kMemcal  Nrwii  akd 
Libuary"  lor  18€0  and  IStiK  and  i;an  ihui^  be  had  without  co»l  by  aubscribera  lu  iba  "  AiuuOAII 

AI.  or  TUX  MSDICAL  SCJXKCKS."      Sf  P.  2. 


BLANCHA.RD   it  LKA'S   MEDICAL 


SARGENT  (F.  WJ,  M.  O. 
ON  BANDAGING  AND  OTHKR  OPERATIONS  OF  MINOR  SURGERY.; 

S«<H)»d  etlttion,  enlarged.     One  haiid>iome  royiik  liituo.  vol.,  of  nearly  400  page*,  Willi  ISS  wood' 
cuts.     Extra  clolh,  $1  40;  leotber,  SI  50. 


^HTjrTiJ't  Minor  Surgery  ho»  at wmy  t  been  popular, 
nu  'ivco.  Ii  rnrrtitlieithal  lcn>iwletigiM>rttir 

ily  requisite  |>erfi>rinHii<-ei  nf  surgicitl 
III  iiiiot  be  entirely  uniler»l«'<xl  byullmd* 

ini'  I  iMiir;ii  ifc-turea.  The  art  of  buiiiJnging,  which 
ij'rejfUlnrly  Inuglit  in  Europe,  ii  very  frequently 
overNxifccfJ  l>5"  Irnotiei*  in  thii  country  ;  the  »tuden» 
•nd  jUDi'ir  prartitioner,  therefore,  inny  nftoa  require 
thai  kii'>wlc<lf;e  which  thia  little  vifliinir  <u  lerxely 
Ulil  happily  aupplies. — CkarUnom  Mtd,  Joum.  »n<i  \  tm  Lanat 


A  work  that  bni  been  ao  lonfc  atid  favoraHr  Vi»<iw« 
to  the  prufeaaion  aa  Or.  3orf;cat'a  Mm- 
uceds  D<ici>inincii(la(iimfr»m  ua.   Wew 
hi'Wever,  in  thit  coanectiviu,  thut  rniii'>' 
dum  geta  that  alteation  iu  uur  tcl 
portiinre  iJeaervea.     Cur  larger  «■ 
defective  in  their  teaeliing  "ii  th' =■ 
puiDta.     Thii  little  btvik  will  aupply  I  ii>-  r< 
aJI  niual  feel  who  liuve  not  aiuilied  tla  pagea. — Wnlml 


SMITH  (W.  TYLCm,  M.  D,, 

Phyajciiiu  Aocuiichenr  to  St.  Mary'a  Hoapitsl,  ke, 

ON   PARTURITION,   AND   THE   PRINCIPLES    AND   PRACTICE  OFl 

OBSTETKIUS.    In  one  royal  12uio.  volume,  extra  cloth,  o(400  pag«e.    f  1  25. 

BT  TUB  SAME  AltTHOR. 

PRACTICAL  TREATISE  ON  TUE  PATHOLOGY  AND  TREATMENT) 

OF  LEUCORKHCEA.    With  iiuni«;ri>u9  illustrations,    la  oae  very  handsome  octavo  volume| ' 
extra  cloth,  o(  about  250  pnges.     &i  50. 


Of.l-YON  THE  BUMAN  BRAIN;  ttai«trQetare,| 
Phvaiol<*|»y,  and  niiruiaea.     F'mra  the  Second  nna 
much   euliii|(«<l    Limdon  edition,     lii   one  oclavt 
volume,  extra  cUilh,  of  6U0  pngea,  with  1'20  wood- 
CDta.     %'i  00. 
SKKY'S  OPERATIVE  SURGERY.    In  one  very  I 


haJidaome  octavo  volume,  extra  cloth,  nf  over  SM 
pa^itea,  with  ahnot  one  hundred  v^o<xl<cuta.  9335. 
81M1JN>  liE-NtHAL  I'ATHOUOGY,  aa  roodae- 
Ive  to  the    bslabliaoa-tnt  of  Rational    PriBei;>lea  , 
for  the  prrvetiltiin  aiiU  Cure  ol  biaraae      la  oitai 
octavo  volume,  extra  cloth,  of  «UJ  pugc«.    •  1  a4.  [ 


TANNER  (T.   H.),   M.  D., 

Pbyaicinii  to  the  Hoapltal  for  Women,  Ao. 

A  MANUAL  OF  CLINICAL  MEDICINE  AND  PHYSICAL  DIAGNOSIS,] 

To  which   i»  added  The  Code  ol"  Ethics  ol   the  Americao    Medical  Ae»ociatioa. 
Americoj]  Edition,    lu  one  neut  volume,  amatl  12mo.,  extra oloib,  87|  c«ats. 

TAYLOR  (ALFRED  8.),  M.  D.,  F.  R.  8., 

LcctureroniMedical  Jurisprndeneeaod  Chemiitrj- in  Guy 'a  Huapital. 

MEDICAL  JUKISPKUDENCE.     Fifth  American,  from  the  Pevrr*';    ■ 

nud  enlarged  London  edition.     With  Notes  and  References  to  Atnerican  Uecii-. 

HAitT8H0&N8,M.  D.   In  one  large  octuvo  volume,  leDiher,  of  over  TOO  pages.    i_.  ■ 

Thi.^  »timdnrd  work  having  hud  the  advnntajre  of  two  revisions  at  the  hands  of  the  ainhor  »1DC« 

be  appearance  of  the  last  Anierican  edition,  will  lie  found  tboroiigrhly  re^i^ed  and  broujjhi  up  ooai» 

pletely  to  the  present  •taie  of  the  ccience.     A»  a  work  of  auihoniy,  it  muni  there/ore  luuinlaiii  its 

posiiiun,  both  ai»  a  text-book  for  the  ^llJdenl,  und  a  compendious  treatise  to  which  the  praeUtiooer 

can  at  all  timcR  refer  in  co>es  of  doubt  or  dtlKcully. 

No  work  upon  the  aabject  can  be  put  Into  the  Ameriean  and  Britiah  \ff»t  medicine.  It  thottid  be 
handa  of  atudeDla  either  of  taw  or  medicine  which  in  Ih^  puBAetatuu  of  every  ptayaician,  aa  the  aubjc^l 
Will  engage  them  more  cloaely  or  profiubly;  and  ,  ia  one  of  great  and  incrcaiing  tmportiince  to  the 

none  could  be  offered  to  the  huay  practitioner  of    pablic  na  well  aa  to  the  prufeaaion. Si   Lamu  Mul 

either  calling,  for  the  purpoae  of  cnnuul   or  huaty    and  Surg.  Jeuriml. 

reference,  that  would  be  more  likely  toutford  the  aid  i 

demred.    We  therefore  recommend  itai  the  beat  and        Thit  work  of  Dr.  Taylor'a  ia  generallr  aeknow 

aai'eat  raanuu.1  fur  daily  uae. — Amtrican  Journal  c/  I  ledged  to  be  one  of  the  ableal  extant  on  the  aut-jrct 

Medical  Stitncis.  '  of  reedieal  Jariiprudeuce.    Itiacrr-  ,(  iha 

It  II  not  exceaa  of  praiae  to  *ay  that  the  volume  |  T'';"?"'" t "i"*!'  I'"'  ^^  **"'  •"'" 

before  ui  ia  the  very  beat  treatiae  exUnt  on  Med.eal  1  ^l',?«  ^,  ^'"^?    "'j''  ^'^  ml' r*»t  ihnt 


riieiva 


.  conceded  that  Tuylof  i.  anperior  tn  anything  that     ^kl'^'^  J^n^'^Vry^'^    '," 
.*  preceded  U.-;y.V,  Afrd.laio..  S-r^  7c:r.a;      {.Xcirrea^eliro^^^^^^^^^ 

It  ia  Bt  once  ei»mprehenitve  and  eminrntly  prac-  i  auhjeota  never  before  publlahed. CKarUsttn  Jt44^ 

ticaJ,  and  by  uuivefaul  con  lent  ilanaa  ut  the  head  of  '  Journnl  and  fiiiitw.  ' 

BY  THE  SAMK    AUTKOa.      (Nt>*tl  EdtttOH,  juft  iff  lied,) 

ON  POISONS,  IN  RELATION  TO   MEDICAL  J  CRIBPRUDENCE   AND 

MEDICINE.    Second  Amerit-un,  from  a  .•econd  and  revised  London  edition,     lo  one  lann 

octavo  Volume,  ol  7.'i5pogee,  Icttilver.     S3  50. 

Since  the  first  appearance  of  lhi«  work,  the  rapid  advance  of  Chemistry  has  inlr<  '  '  > 
Bpe  many  new  sutis'iances  wtueh  may  become  fulul  through  accident  or  de>i)?n  — u 
auroe  time  it  ha-  Ittewife  designuied  new  and  more  exact  inodesof  eountemciiiifror  dcir. 
previo^^Iv  treated  of.  Mr.  Toyfor'*  posiiion  a»  the  leading  meilioal  jurist  of  Euitland.  h»i»  ,hh,o* 
thiH  tieri<>«)  conlcrred  on  him  extraordinnrj'  udvaniage»  in  ucqutritig  expeneoc*  mi  tbe»e  subieci'  I 
nearly  nil  ca»e*  of  moricnl  being  re/erred  to  him  lor  examination,  a»  su  eir- —  "• 
is  genet  ally  accepted  w  Jiunl.  The  recultN  of  hi*  labors,  therefore,  a»  gin 
volume,  cnrelvtUy  wc\glftt(i  tvmd  *\(ted,  and  presented  in  the  clear  and  intel 
he  IS  noted,  may  \)e  lecewtd  ca  hu  tMi\uvQr<»i\«&%«^  wak.\M'(\v^^«Bi^  «»%^ule  to  be  luUuwcd  wuta. 
uplicit  con&deboe. 


AND   aCIENTlPIC    PUBLICATIONS. 
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TOOD  (ROBERT  BENTLEY),  M.  D.,  F.  R.  8., 

Fiutramn  o(  I'byitnlcg)'  in  King'i  Collrge,  London;  Bad 

WILLIAM  BOWMAN,  F.  R.  8., 

DemoRttrator  of  Anatomy  in  King'a  Collrge,  Londna, 

THE  PHYSIOLOGICAL  ANATOMY  AND  PHYSIOLOGY  OF  MAN.    With 

about  Ihnsv  hmidrrd  largv  and  b«aiitilul  iltuotralions  OQ  wood.     Cuinplete  ia  one  large  octavo 

Vuluine,  of  9^)0  pageii,  leather.    Price  $4  50. 

ty  Gi-nilemen  who  have  rewived  portioni*  of  lhi»  work,  a»  publiohed  in  ihe  "  Mkdical  Niw» 
akd  Libkakv,"  cnn  now  coiiiptete  tlicir  copied,  if  immeiJiate  nppliculii.in  be  mude.  li  will  be  fur- 
nished a»  fuJIuw!),  free  by  mail,  in  paper  cuverit,  wilb  cloth  baclu. 

Parts  1.,  11,  III.  (pp.  25  lo  552).  S2  60. 

Part  IV.  inn.  f>f^3  lo  end,  with  Title,  Preface,  Contents,  Ac.),  S2  00. 

Or,  Part  IV,,  Skction  11,  (pp.  725  lo  eod,  with  Title,  Frefaoe,  Conleots,  &e.),  f  I  25. 


A  mafrnifieeDt  contribution  to  Britiih  medicine, 
and  the  Amenmn  phyiicinn  who  ahull  fail  to  peruae 
It,  will  have  failrti  (■■  reaO  onr  nT  Ihe  nnoit  inalrac- 
tive  books  uf  the  niDcieenih  century. — iV.  O.  Mtd 
amd  S*rg.  JoMmt*l,  ^epl.  16^7. 

It  II  more r<inci««  than  Carppnler'tPrineinlra.nnii 
more  miHleru  thau  the  acceaiilite edition  of  XlQller'i 
{ulementa;  i(t  dr(«ilii  arc  tyricf,  hut  aulheieiii;  itt 
deacriptions  vivid  ;  ila  iiiaatratinnaexMirt  nnil  ropi- 

nut;    and    ila   Ungaafie  terae  and   pcrapicuuui 

ChttrltiKm  Mtd.  Journal,  Jaly,  l$S7. 

We  knuw  uf  no  wurli  on  Ibe  ■ubjeclorphyiiuliifcy 


•o  well  adapted  to  the  wantaof  tite  tnedicalatudent. 
Ita  completion  hni  been  thua  lone  d>*|aycd,  that  tne 
aothon  mirlit  arenre  Bi>curnpy  by  perminel  i>l>»eTVB. 
tion. — St.  Lauii  Mtd.and  Surg.  jDiiniai,Hept.  *57. 

Our  notice,  though  it  convey*  but  a  very  feeble 
and  iiiipcrfeci  idea  of  tlie  nognilude  .'<nd  tm|">riatiec 
of  Ihe  worit  now  under  c<iDaiiler»tion,  iilreudy  Irnn- 
«cendt  our  liinils  ;  and,  with  the  indo'gf  nre  of  our 
reiiriera,  and  the  hope  that  thpy  will  pt-raae  ihr  iHiok 
for  themaelvea,  aa  we  feel  we  c^n  with  roofidi-nee 
reeommend  it,  wo  leave  it  in  their  hiutda.  — >  Tk4 
tioTtKvsttltrtt  Mtd.  a»d  Syrg.  Jottmal, 


I 


TODO  {R.  B.)    M.D.,   F.  R.  8.,  &e. 
CLtiaCAL  LECTIJKES  ON  CERTAIN  DISEASFIS  OF  THE  URINARY 

OUGANS  AND  ON  UKOPSIES.    In  oue  octavo  volume,  28^1  pages.     »1  50. 

B?  THE  SAME  AUTHO&.      [Now  Readlf.) 

CLINICAL  LECTURES  ON  CERTALX  ACUTE  DISEASES.     In  one  neat 
octavo  volume,  of  J30  pttgee,  extra  clutb.    f  1  73. 


TOYN3EE  (JOSEPH),   F.  R.  S., 
Anral  Surgeon  to,  and  Lecturer  on  Sargery  at,  St.  Mnry'a  Hoapital. 

A  PRACnCAL  TREATISE  ON  DISEASES  OP  THE   EAR;   tlitrr  Diag. 

nojiiii,  Puiholog^',  and  Treatment.     Iltu5traied  with  one  hundred  t'ligrat'ing^s  on  wtxxJ.     In  one 
very  faandi<on)e  octavo  volume,  extra  cloth,  %'i  00.     (Jujt  Ltiiitd.) 

The  work,  ai  wai  staled  at  the  oottet  of  our  no-  i  ment,  and  with  a  sincere  ami  unhiaased  Indf  meni, 
tice,  ia  a  model  nf  ita  kind,  and  tvery  page  and  para-  wtien  wenlBiin  ihat  aa  a  treatise  on  Aural  Surgery, 
graph  III  It  lire  worthy  of  the  most  thorough  atudy .  it  ia  without  a  riVkl  in  Oiir  language  ur  any  ollinr.— > 
Omsidered  all  la  all — iii  an  original  work,  well  CharUtton  Med.  Joum.  and  Hivitv,  ^epl.  teOU. 
written,  rMloaophicallj- H.horateJ,  and  happily  il-  I  ^he  work  of  Mr.  Toynbee  is  iindouhtrdtv,  op.m 
lustruted  with  cnscs  and  drawings-it  li  iiy  Ur  the  n,,  ^hole.  the  ra^at  valuable  producii-n  of  lue  kind 
ablest  monograph  that  has  ever  appeared  on  the  |  j,,  „y  Unguage.  Ttit  author  haa  long  oern  knowa 
anatomyanddiseasesof  tlieear.andoneof  theiilosl  (  by  his  nuiiieruus  monographs  upon  suhjecu  eon- 
valuable  coniribuiioBs  to  theurl  and  science  of  aur.  ^^^1*^  with  discuset  of  the  ear,  and  is  now  regarded 
gery  10  the  nineu-cmh  c*nlury,-A.  Anur.  Jtf«/tea-  „  ,(,5  („ji,rsl  autfiorHy  on  moat  poiola  in  liia  do- 
Vhtrurff  /J<ti(fo,  Sept.  INJO.  |  purtmeut  of  acieuce.     .Mr.  Toyuliec's  work,  as  wo 

To  rc^commrnd  such  a  work,  even  after  the  mere  ^  nave  ul  ready  aaid,  la  Dudoubteoly  th»  most  reliable 
hint  we  havn  given  uf  in  original  excellence  and  auide  for  the  study  of  the  disens<*a  of  the  tar  in  any 
Vitlue,  would  hie  a  work  of  lapererogaiiun.  We  are  ,  langnage,  nod  should  be  in  the  library  of  every  pli}- 
kp««^king  within  the  Uaiits  of  tuodcsi  acknowledg-  '  aicitui.— C'lk«caf«  Mtd.  Jvurmal,  July ,  letiu. 


I 
N 


WILLIAMS  (C.  J.  B.),   M.  D.,    F.  R.  8., 

Prnfnssnr  of  Clinical  .Medicine  in  UBlveriity  College,  L(iBdua,fte. 

PRINCIPLES  OP  MEDICL\E.  An  Elementaiy  View  of  the  Causes,  Nature, 
Treatmetti,  I)ineno!>ia,  and  PrognoiiiA  of  D)i!iea!«e;  with  brief  remnrkti  on  Hyirieiiicfi,  or  the  pre- 
servation uf  heiillh.  A  new  Atnericun,  from  the  third  and  reivi«edl  London editiou.  in  one  octavo 
volume,  leather,  oi  about  500  pages.     H  50.    {Jutt  ltiu*d.) 

We  find  that  the  deeply-ioiereatiug  matter  and  1  expressed.    It  is  a  judgment  of  almost  anqnalified 
style  of  this  book  have  so  fur  fnscinalnj  us,  that  we    praise. — London  Lanctt. 
hnVe  unconn:iously  hung  upon  lis  pages,  not  too 
long,  indeed,  for  our  own  profit,  bat  longer  than  re- 
viewers can  be  permitted  to  indulge.     We  leave  the 


further  anah'sta  to  the  student  and  j>ractitioner.  Our 
Jadf  meal  oi  Iha  work  has  already  been  aalBcieatly 


A  text-book  to  which  nn  o(h<<r  in  oar  language  la 
eotnparable.^-CAar'tjfan  Mtdtcai  Jomrnat, 


No  work  haa  ever  achieved  or  ra<iint«iued  a  more 
deserved  reputation. —  T».  Uti.  and  Swrg.  Jowmal. 


WHAT  TO  OBSERVE 
AT  THE  BEDSIDE  AND  AFTER  DEATH,  IN  MEDICAL  CASES. 

Publi:*lM^duncIertheaulbority  of  Ihe  Londoo  Society  for  Medical  UbMrvalion.  A  new  American, 
from  Ihe  wcund  imd  revised  Londou  ediliou.  In  oue  very  haodeome  voitime,  royal  12mo.,  extra 
dolb.    SI  00. 

To  the  observer  who  preferi  acenraey  to  blunders  I  One  of  the  flneat  aidt  to  •  yonng  practlf  inner  wo 
•ad  precision  to  carelessness,  thia  little  hook  ilia-  |  have  evei  sees. — Psa«ss«/ar /emnsai  0/ M«dt(t»a. 
Taiaable.— AT.  H.  J»iimai  «/ Mtdiein*.  \ 
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LECTITRE3 


Kew  and  much  enlarged  edition — (Jastlftsaed.) 

WATSON   (THOMAS),   M.  D.,    ttc, 
Lfitc  Pliviiriiin  In  ihe  Mi4dleat<x  Uoftpitai,  &o. 

ON    THE    PRINCIPLES    AND    PRACTICE   OF 


PHYSIC. 


Dcliveretl  at  King's  Collejre,  LoiifJuii.     A  new  Amerifjin,  TrotM  the  laist  r<?vi«ed  and  enlarirml 

Englis'b  echliuu,  with  Addition*,  by  D.  Francis  Cosdik,  M.  D.,  niithor  of"  A  Practical  Treati** 

on  the  Diw^ases  or  Children,"  &c.     With  one  hundred  and  *ighty.fiv'e  ilIu«tralion^  on  wchnI.    Iq 

ofie  very  large  and  handj-ome  volume,  imperial  octavo,  of  over  1200  clo?«?ly  printed  pages  in 

small  type ;  the  whole  Mrongly  buuiid  in  leotber,  with  rair«ed  bauJit.     Price  $4  2.'). 

Thai  the  hiRh  repnlation  of  thi*  Work  might  l»e  fully  maintained,  the  author  has  subjected  it  to  ■ 

thoruiii{h  rt!vi»ion;  every  portion  lias  be«n  examined  with  the  aid  ol  the  most  recent  researched 

in  pathology,  and  the  rexulta  of  modern  investigations  io  both  theoretical  and  practical  ••uhjecijt 

have  been  ouretiilly  weighed  and  emb<idit'd  throughout  it«  pages.     The  waichlul   ^  f  the 

editor  hit*  liWewt>e  iiilrodiieed  whatever  po^^eN'e>^  immediult;?  iiri  port  tin  ce  to  the  Aii.i  I'laa 

in  relation  to  di^ea^es  incident  to  our  climate  which  are  little  known  in  Cugland,  .:  iio>e 

puiiit^  ill  which  experience  here  ha*  led  todiflcrent  mode*  of  practice ;  and  he  ha^  al-o  ujJtJ  Imijiely 

lo  the  mrie^  of  illU'«irBtion»,  believing  thai  in  IhJK  manner  valuable  at>>iii>tance  may  be  coaveyed  to 

ihe  student  in  cliiciduting  the  text.     The  work  will,  therefore,  be  found  thoroughly  uu  a  level  wuJi 

the  nioiil  advanced  xtale  of  meilical  i>cienoe  on  both  aides  of  the  Atlantic. 

Th"  niMtMniia  which  the  work  ha*  received  are  »hown  by  the  fad  that  notwtihftanding  an  en- 
Ik:  the  eize  of  the  page,  more  thiin  two  hundred  additional  pnges  have  l>eeii  iiecev<4ry 

I  liile  the  two  lurjp;  voluitie»  of  tl>e  London  edition  (which  cells  at  leu  dollars),  wiilim 

li!'.  -  ,  _  -  of  a  single  volume,  and  in  its  pre»ent  form  it  coutains  the  matter  o(  al  Irii^t  tbrc< 
or<linary  oelavfVR.  Believing  it  to  be  a  work  which  should  lie  on  the  table  of  every  physician,  and 
\h:  in  the  bands  of  every  student,  the  publir-hers  have  put  it  at  aprice  wiihiu  the  reach  oJ'  all,  making 
It  one  of  the  eheapei^t  Iniokt)  b.<«  yet  pre9<«nted  to  the  Amerirao  profei^»ion,  while  al  Ihe  same  tunc 
the  beauty  ot  its  mecbaiiical  exeuulioa  renderi^  it  an  exceedingly  attractive  volume. 

The  foorth  pdilion  nnw  appear*,  «o  carcfullv  re-        The  lecturer't  skill,  hii  wi- '   ■      ''    '    - 
Ti»ed,  at  lii  adil  con»nJcr((l>ly  to  the  vulu*  of  u  l>iiok    equalled  by  tlie  ea»c  of  lu»  s; 
alrrady  HPlJiiowletlgul,  wherever  the  Kngli»h  Un-     (|Ui-nco,  auJ  the  far  liifthcr  .. 
gunge  la  retul,  to  bf  heyonO  all  coinpAriBnu  the  beat    c<>urt<!ay ,  nf  iiuMirstr,  aud  hi  eru-  ■  ima 

■)Bltniatic  work  on  tliB  Principle*  and  Practice  of    of  merit  in  utlier«.    May  lie  long  [•  -  ruct 

Pbyitc  in  the  whole  mage  of  mrdicnl  literuLure.     ui,  uud  to  ecijoy,  ia  tlie  glorioua  '  •  de- 

F.very  lecture  eoiiiaina  proof  of  the  exirpinp  iinxieiy  chain*  ycrtra,  the  honi>ra,  the  coi.n.i.uoc  iinii  Invt 
of  the  author  to  krcj,  puce  with  lie  aUvauKUif  know- I  crilaeiT  daring  hia  uacful  life.— iV.  A.  M»d -Ckir. 
Irtlge  of   the  day,  and   in  bring   the   reaulti  of  the  ^  RtvieiB. 

Wataon'a   unrivallf^d,    perhapa    ntvapprnnchtbla 
work  on   PruL'tire — tlie  copiuua  ndi)oii>ua  made  lo 


I 
I 


art 

.  «.f 


laliora,  not  only  of  pltyairjana,  hut  of  chemiata  and 
hiatrili.^iata,  before  hia  reudeia,  whcrrvcr  tliey  can 
be  turned  to  uaeful  account.    And  thia  la  done  with 


auch  a  c<.tdiul  appreciation  of  the  tiictit  due  to  the  '  *'')"•''  <"'"  '"""V''  ^,''''""»)  '"•»•«  K'J">  "  "U  thea.- 
induatrioua  nbaerver.  auch  a  g.-iieroua  dcaire  to  en-    »«'»>•  "nd  •""'^•>  '>'^  ••»<  intereal  of  a  aew  Iwok.— 


ruurage  younger  and  riaing  men,  and  auch  a  candid 
■ekonwiMlginfiit  of  hia  <^Wll  oliltgHlnina  tci  thtin, 
ihiil  onr  •curcely  knowa  whether  to  admire  inoai  the 
pure,  aiinple.  forcible  Rngljah — tde  vii»t  nini>UDt  of 
uacful  pmctiCHl  inforniiiIi"n  condi-iued  inio  the 
l.pclures — or  the  manly,  kiod-hfartcd,  unaaaumirig 
eliitrarler  of  the  Ireturer  ahininir  through  hia  work. 
— LoHd»»  Med,  7'ifn<J  unit  iiazrtu. 


Charltilem  Mtd.  Journal. 


I,,wtiircra,  prii' 
will  equally  h.i 
Dr.  \Vut»"t»  in  I. 

We  merely  do  jiiiil.t;i;  lo  out  o«j, 
are  aure,  of  the  whole  prtifetaiun. 
for  huving,  in  the  trouble  nmi  i 
practice,  nudo  leisure  IO  «"■ 
Tliua  theae  admirable  volumea  come  before  the  ,  l»y  the  eximualson  of   tlir  pi 
priilpasion  in  thfir  fourth  e<tiiioji,at>ounding  in  ihOKc  '  third  e<llUi>n,  which  haa  l- 
diitiii)riii»hfd  BitrihulPB  of  modcrulioii,  juilgmrnt,  I  luat  thrcr  yeitri.     For  |)r.  V. 
erudite  cultivation,  rlcarnraa,  and  eloquence,  with    oiiiard  the  Ircturea  to  be  r 
which  they  were  from  the  first  Inveatrd,  bat  yet'  through  the  whnle  work  *■  • 
richer  tliuu  before  in  the  reaulta  of  more  prolonged  '  llocu  which  prove  tliiit  th«  « 
ohkrri'atloD,  and   in   the  able  apprrciiitioa   of  the  |  aoughl  lo  bring  up  hia  learn 
latcat  advance*  in  pathology  and  medicine  by  one  j  mn«t  recent  ucquiaiiiona  in  »   . 
of  the  moat  profound  medical  Ibinkera  of  tha  dax.—    M*Uii9-Ch*r.  K*vU«. 
London  Lanctt. 
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WALSHE  (W.   H.).   M.  D., 

Profeaaor  of  the  Prinriplea  and  Practice  of  Medicine  in  Itiiiveraity  College,  Loudon,  ke. 

A  PRACTICAL  TREATISE  ON  DISEASES  OF  THE  LUNGS;  ioclttdiogj 

the  Principles  of  Phy.«.ieal  Diagnosis.    A  new  American,  from  lb<.^  third  revi»ed  and  nii>ch  « 
larged  Loutfon  ediliut).     lu  one  vol.  octavo,  of  468  pages.     (Juiti  Ijtt-fi/,  June,  ItyJO.;     $2  25, 
The  present  edition  hns  been  carefully  revj«ed  and  much  enlarged,  aud  may  be  j-uiJ  iri  rfir  luain 
lo  \m!  rewnllcn.     Descriptions  of  several  diheaf-es,  previ,>u»ly  omitted,  are  now  i  ,  Utm 

caustew  uud  mode  of  produution  of  the  more  important  nUecliont^,  no  far  a*  they  jio-  rac- 

licul  sigiiilicunce,  are  ^iiccincily  inquired  into;  an  elfort  hu:»  beeu  made  to  brtiig  ii.  >i  ol 

BiiatomicaJ  chaructera  to  the  level  of  the  wants  of  the  practical  phyi^ician ;  aud  tl.  and 

prognosis  of  each  compluiiii  are  more  completely  considered.     The  feciion*  on   i  i  aiiJ 

the  Appendix  (concerning  the  innuence  of  olimalo  on  pultuunar)*  di»ordura],  have,  e-pcciitlJi,  bee« 
largely  extended  —  Author^ i  PrefaM. 

•*«  l^o  ^  followed  by  a  Mroilar  voliune  on  Diwnees  of  the  Heart  and  Aorta. 


WILSON  (ERASMUS),  F.  R.  S., 

Lecturer UD  Anatomy,  London, 

THE    DISSECTOR'S  MANUAL;  or,  Practical  and  Sardcal  Anatomy.    Third 

Aincrioai\,  from  the  la.-l  revised  and  enlarged  English  edition.  ^Iodlfied  and  rearraased,  bf 
Wlu.JAa  UtsT.Nl.  \i.4  WvttOfttiVtuVijt  o^  Kw^vovnv  in  the  University  ol  I'etuuiylvaaiarui  oiM 
large  and  haadaume  ro^aV  Vimo.  Ntci\Mi!Dn,Vb<*^^f  i  ^  '<^^v*9gM^ '«'«!». V^vSLluairaUooo.    fil  00. 
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New  and  much  enlarged  edition— (Just  laaned.) 

WILSON   (ERASMUS),  F.  R.  S. 

A  SYSTEM  OF  HUMAN  ANATOMY,  General  and  Special     A  new  and  re- 

vij^ed  American,  from  ihe  lo"!  nnd  enlnrged  Eng'li^h  Edition.    Edited  hy  \V.  H.  Oobrecht,  M.  D., 

Profe^MLTof  AnBlomy  in  Ihe  l*eno^ylvllnla  Medical  College,  &c.     IlluMrated  with  Jhrwj  hundred 

and  niiieiy-^vL'n  eii^ra%-ing»on  wood.     In  one  large  and  exquisitely  printed  octavo  volume,  of 

over  600  large  page.*;  lealfcer.     $3  25. 

The  publi«hers  trust  that  the  well  earned  reputation  so  long  enjoyed  by  this  work  will  be  more 

than  nininlHlned  by  the  present  ediimn.     Be«ides  a  very  thormigh  r»vi*i()n  by  the  aiilhor,  it  ho*  hem 

m(i!>t  rnref'uliy  examined  by  the  editor,  and  the  elTurt!^  of  l<olh  have  been  directed  lo  introducing 

evervlhiiig  which  incren-ed  exp^rrience  in  its  u«*  ha*  Buirttei>led  as  derirable  lo  render  it  a  coinpleie 

text-book  lor  iho>'e  se^jfcirig  lo  ohtuin  or  lo  renew  an  actjuainlnnce  with  Hyman  Aiiaiuiny.     The 

amount  of  addilions  which  it  has  thu*  received  may  be  estimated  from  ihe  fact  that  the  precetit 

edition  conitiins  over  onc-frmrth  more  mntier  ihnn  the  la^?t,  rendering  a  smaller  type  and  nn  ei)<urged 

page  requi«'ile  lo  keep  the  volume  within  a  convenient  t^ixe.     The  author  has  nut  only  ihui«  added 

largely  to  the  work,  but  lie  has  aico  mude  alterations  ihroiighout,  wherever  there  apjienred  Ihe 

opportunity  of  improving  Ihe  arrangement  or  Myle;  •(!  n!>  lo  present  every  fact  in  ii.>«  niuHi  appro* 

priate  manner,  and  lo  render  the  whole  a«  cleur  and  inlelligiblo  ai«   fM.n's.ible.     The  editor  has 

exerci^ed  tlio  utmost  caiiiK^n  to  obtain  entire  Hocuracy  in  the  text,  and  htt*  largely  incrcaJed  Ibis 

rmmlier  of  illu^irations,  of  which  there  are  abuui  one  hundred  and  lit'ly  more  in  this  edition  than 

in  ihe  last,  thu»  bringing  di^tinclly'  before  the  eye  of  the  student  everything  of  inleresil  or  impurlonctf . 


It  mny  l>e  recnrnmenilcd  to  tfac  ittideDt  nanolpsa 
diKin^iiinhcd  by  its  acearocynnil  clcarneia  of  de- 
BcripiKin  llirn  l>y  in  iypi>gi'n|>1ii(':il  clcKaoL-e.  Tlie 
WM«.il-cut»  are  exquisite.— i>r»<.  omi  for.  Uedital 
Rtviiw. 


Mccuotr  lyatrmt  of  HiiatiinticnJ  ■cirnee  whicli  baa 
l><:en  ii>tieil  frmn  ttie  prrci  The  illuilrution*  are 
really  t>Miutiful.  In  ita  iiyle  the  work  laextrrniely 
eniiriscaiht  inteltijTililr.  No  "lie  ran  pnsait^ly  ink** 
up  Uiia  volume  withual  bciog  itrack  with  the  great 


beauty  of  it*  meebnnicHi  exrcutinn,  and  Ihe  rlenr- 
oeaa  of  the  tle»<ripii(ini  which  it  cuntaioi  m  equatiy 
evident.  L.et  atudcDti,  by  all  meana  eKiiniiuo  (ne 
claimi  of  thiB  wurk  on  their  notice,  lirfnte  tbcy  pur> 
chftie  atexi-biiok  of  the  vtlnlly  iinpi<riaut  >ctenva 


,    .,,,        ,  ,  ..  .        r  1        1    which  tbit  volume  ki  fulJy  and  eaaily  uafulda 

An  elegant  edition  of  one  of  tha  nmit  niefiil  and    i,amcet. 


W't  regard  it  at  the  beat  lyatem  now  rxtnut  for 
■tadenti.— ir<!J/«rM  Lnnttt. 

\t  therefore  rereive*  our  hlirheitcommeiiJattQii^— 
5o«M*ra  Med.  and  Surg.  Jommal. 


BT  THE  SAME   AUTHOR.      {^Just  I»»ned.) 

ON  DISEASES  OF  THE  SKIN.     Fourtb  and  enlarged  American,  from  the  last 
ftnd  improved  London  edition.     In  ont  large  octavo  volucne,  ofOdO  page?,  extra  cloth,  $2  73, 

Thewriiingaof  Wtlann,  npnQdiieBae»orth«»kin,  |  at  aome  of  Ihe  more  Mtient  pnlnts  with  which  it 
are  by  far  the  mott  acientitic  and  practical  that 
have  ever  been  jireaenteU  lo  the  [neuicul  worlU  on 
Ihlaauhjeet.  The  present  eaitinn  iao  great  impnive- 
ment  on  all  it*  predeeeaaor*.  To  dwell  upon  ull  the 
great  merita  and  high  cinima  of  the  work  belnro  u«, 
Knarirn,  woald  indred  be  an  agreeable  aerviee;  it 
wuuld  be  a  m(;ntnl  homage  which  we  could  freely 
oHer^but  weahnuUJ  thua  oecupyau  undue  amount 
«(  apucc  in  this  yoamai.    We  will,  howtver,  look 


i|bimndB,and  whieh  make liiricoini 'lorin 

excellence  lo  all  other  trealitetiiii  '  iter- 

mutoUitry.     ]\n  mere  Bp«cn(mive '.I  I'Wrd 

a  place  in  this  volume,  whieh,  witliimt  mj.xiiu  will, 
for  a  very  long  perioii,  be  ac  know  I  edged  us  llie  ctiier 
standard  work  on  derinatolo([y.  The  proictplei  of 
an  enlightened  and  raiioniil  tlierapeia  arc  inlriHluccd 

'  on  every  appropriate  occusioo. — Am.  Jour,  M»d, 

'  StitHct,  Oct.  1457. 


Al*0,  NOW  SEAPT, 

A  SERIES  OF  PLATES  ILLUSTRATING  WILSON  ON  DISEASES  OP 

THE  SKJN  ;  oonsiMing  of  nineteen  bcaiilifully  executed  pinle*,  of  which  twelve  are  cxquiKJlely 
colored,  presenting  ihe  Nurmel  Aiibtumy  and  Pathology  of  the  Skm,  and  containing  accuiate  re- 
nre«eniation)t  of  about  one  huodred  varietiea  of  diaeaae,  moat  of  them  Ibe  sixe  of  naiure.  Frioa 
in  cloth  $4  25. 

In  beauty  of  drawing  and  accuracy  ond  finish  ofooioring  tbe«e  platen  wilJ  be  found  equal  to 
anything  of  iho  kind  aa  yet  ia«ued  in  thi»  couulry*. 

Ttie  plates  by  which  this  edition  la  aeeompaBied 
leave  nolhinf  to  be  desired,  an  far  as  cxeelieDce  of 
<telineati(iQ  ood  perfect  accamcy  of  illastration  are 
concerned. —  itftdi'fo-CAirKrKif  a/  Kteuur. 

Of  these  plates  it  is  impossible  to  speak  too  highly 


The  represeatations  of  the  various  forma  of  cutone- 
ous  tliscttse  are  singularly  accurate,  and  ihe  color, 
inc  eaccecls  almott  tiuyihiag  we  have  luet  wiili  io 
point  of  dnlicdcy  and  bniah.— Bri<««A  tmJl  fwttign 


We  have  already  expretaed  our  high  appreciali<« 
of  Mr.  Wilson's  treatise  on  DiseRsrs  of  (he  i<ktn. 
The  plates  are  comprised  ia  a  separate  volume,  . 
which  we  counsel  alt  those  who  possess  the  tcai  lo 
purchase.  U  is  a  beautiful  ipecimen  of  color  priat' 
ing,  and  the  rept74eniations  of  the  varnius  forms  of  < 
skin  disease  are  aa  faithful  as  is  possible  in  plittea 
of  the  sixe.— SoJioa  Afnil.  and  Syrg.  Joutnal,  April 
9,  is>3a. 


BT  m*  tAMX  AOTBOa. 

ON    CONSTITUTIONAL   AND    HEREDITARY    SYPHILIS,   AND    ON 

SyPiilLlTIC  ERLTFTIONS.  In  one  small  ot:tavo  volume,  extra  clutb,  beautifully  printed,  with 
four  exquisite  colored  platea,  preseutuig  more  tbtui  ihirly  varietiea  ol  ayphihlicerupliuua.  <2  25. 

BY  THK  SAMB  AUTBOB. 

HEALTHY  SKIN;  A  Popular  Treatise  on  the  Skin  and  Hair,  their  Preserva- 

lioa  and  Management.  Second  American,  from  the  fourth  Loudon  cdilioa.  One  neat  volume, 
royal  l>mo...  extra  ctothj  of  about  :iUU  pagea,  with  nuiDeroueiUuatratiuiia.  tl  00;  p«per  cover, 
75  cents. 


VTHITF.BRAD  ON  THE  CAUSK9  AND  TREAT- 
MENT OP    ABORTION    AND  8TBRIUTV. 


fteeoBd  Aaerjeaa  EdItioB.    Is  os«TOl 
vo  extra  ciolh,  pp.  sue.    ft    7C. 


I 
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WINSLOV\^   (FORBES),  M.  D.,   D.  C.  L.,  &e. 
ON  OBSCUHE  DISEASES  OF  TUE  BRAIX  AND  DISORDERS  OF  THE 

MIND;  their  (iifipieiit  Symplums  Pa'MuR^',  DiiiRnoJ.!*,  Treulment,  and  Prophylaxi*.     la  one 

hjuid'iiiiH;  ooittvo  vuluinc,  u(  iif»rly  60(1  lugeit.     (Jtut  luutd.)     |I3  00. 

\Vc  rl('»e  iho  l)li»>(  Had  nepe«««rily  vety  imperlect  |  youriel vet ;  and  wr  ciffTid  tlir  tn^'Uitlnn  I<>  nnpro 
notice  !•(  Dr.  \Viq«l»w'»n«'oi  •ri"]  c)»*»ieul  work, 
by  ezprpckiiiK  our  ci>i)virli<>n  that  it  ii  lonfr  «iuo«  to 
tin|w>rliujt  ■!■(]  Iiraulifully  writfcn  ii  voliiiiie  hwa  ti- 
•Ued  from  ihr  Briiiili  medical  prcii. — DuliltmSlid. 
rt*$»,  July  26,  IMU. 

W«  hitorctlT  Itplievp  tbi«  to  tir  (he>  hrit  boo%  of  the 
M««or. — HanltHg't  Jbiifoel,  July,  ]>A0. 

(t  rairiril  iiihack  toour  uld  ilayanf  nn«r«l  reading, 
It  ktpt  u*  fritii  I  ur  ilii  ner,  rrum  uur  ttiuiiiria,  nnil 
rroin  our  •lutii)>er»;  in  ■Imrl,  we  luiil  it  <1i>wd  inily 
wlieo  WF  hud  jf'it  t>>  the  end  of  the  init  riKrni;rn|)h. 
anil  ev'u  llirii  mrurO  tiaoK  to  the  rrpei  un.tl  »f  (xver'n 
|tNii>iigeii  winch  wr  li  nl  innrlKd  lu  tttjuirini;  fur  hrr 
aluily  Wr  h.ive  I'mlcil  Piilirrly  in  flic  «Ih>vc  mnire 
to  give  nil  Milri[iinif>  HckniiwIetJicMifnt  i<{  the  proht 
and  |>le«aure  wtiii  which  wr  )ia<e  [»-rij»ed  lltrnbove 
Wora.     We  can  unly  aay  to  our   reoiltri,  asudy  it 


feaaional  ua  ureit  iir 

it  couiain*  nnnin 

ciana  kU'DC.  Ijat  I" 

"  The  pi  lifter  aiiirtv  "f  m  'hkiuiI  i» 

Mutual  KitOTil,  July,  IKKt, 
Tlie  latter  portitin  <'f  Dr.  WinaloW'a  Work  )■  ex- 

rliiBivrly  deVHleil  ti>  the  cuD»i<lfra(lna  of  C^ielirnl 

PnttiiiluKy.     It  enniplrtely  exlinuiK  rlie  aubjecl,  in 

ihc  B'ime  iri«n"""  m.  ii,f  ptr>fii.u»  »ev»Tr.-^i.  rh.  .  nt^rg 
i  reiatiitp  t<>i>  .nl  rlitnnni'  r.g 

i  unniiliced  ir  •  iheiue/ilai  re- 

iiioniliiry  <>i ^..iiLeaic.     it  i  to 

{  oveiiale  the  tieiirlita  likelv  to  re*ul>  rii| 

peritaiil  III  Ur.  Wieitlnw^t  valuii  >l>-  lo- 

teretting  work  —Lomdom  Laatti,  Jut..<.  .^    ,  •^. 

It  oiintaini  an   iniinniM*   mafa  of  inriiriiintiiin.^ 
Brit,  ami  For.  M«l.-Ckir.  Attitw,  Oct.  leflU. 


WEST  (CHARLES),    M.  D., 
Aeeouchear  toknd  Lecturer  on  Miilwifery  at  !^t   Bnrthojomew't  Uuapltal,  Pbynelaa  to  the  Ho«pil«l  for 

Hick  Children,  ^tc. 

LECTURES  ON  THE  DISEASES  OF  WOMEN.    Second  Aracricao,  fmm  tLo 

wcniiii    Loniliin   ediliaii.     In  oiio    hAti<l«ome  octavo  Vuluine,  extra  clulli,  uf  about  5<XI  p«^»: 
prict;  #V  .OlJ      (jV«f#'  Kfo/dy,  Jul),  ItMil.) 
*^*  Goiilli'Hien  wlio  received  llie  fir-»l  portion,  n«  indued  iti  the  '*  Mediml  New«  am!  Library,"  can 
now  CKiiip  eie  ihcir  cipies  by  procuring  Part  II,  being  pnge  ^00  tu  end,  witb  Index,  Title  matter, 


&e.,  Svo  ,  cloth,  prii-e  $1. 

WctiiuatnxweiiDclude  thi«  haitily  writteoaketch  I  proverb,  along  a  royal  road  tnlfaminr 

noe  to  our  readeia  that  the     la  iWe  whtoii  will  m.tt  in"     '      ' 


vrith  tilt  ciitifiilriii  ittiuru 
work  will  well  repiiy  prruaal      The  eon»cipniiou»,  j  iidr,  hut  it  i»  one  thai  v. 
(nilnitHhinK.l>r>«<"ieHlpli)>|ciaiiiatippareuloD  rver)   '  who  itre  •cekiii||!   truth 
paf^e. —  jV.  V  Jotinntl  of  \Ui1uint,  Marcb,  lE>9a.  \  U\f  ■tudcnl  that  he  hiii  i- 


Hia  wnr k 

•  .  •.  cier 

•iiy 


iiniU'-<l  111  III  aril  ii>  .i  caji- 


We  kDow  of  no  tieatiac  of  the  kind  *n  coinplett 
an  I  yet  lu  coinpuct. — Chuago  Mid.  Journal,  Janu- 
ary, 1638. 

A  fairer,  more  hnnett,  more  eameat,  and  more  re 
UaltJe  inveatiKUtor  of  the  iiiHny  dlaeHtca  of  WomcD 
aud  chiltlren  la  not  to  be  found  lu  uuy  country.— 
5aMl4cr«  Med.  and  Surg.  Journal,  January  IMSt^. 

Wr  gUdly  recommend  hif  Lccturrani  in  the  high- 
eat  dcKree  luitructivc  to  nil  who  are  lutcretted  in 
uiiatetric  practice. — London  Lnntit. 

We  have  to  any  of  it,  briefly  and  decidedly,  that 
it  ia  the  heal  work  on  th«  au(>ject  id  any  language,' 
and  that  II  atuinpa  Ur.  Weat  ua  the  JatiU  prtnetpt 
of  Brilisb  oliatetric  nutbura. — Etlinb.  M'd.  Journ, 

Aa  a  writer.  Dr.  Weit  atanda  in  nar  opinion,  ace- 
ond  only  to  Wutwm,  the  "  .Macuulay  of  Sledicinei" 
be  p»a»ef  aea  tJiat  hiippy  faculty  of  ciotliing  inatruc 

tlon  in  eaay  gttniieuiai    cjuibining    pJcuaare  wilh  |  chapirr  ui  ilic  uook.    rrmn  ll»  peruaaJ  we  (tare  <!«• 
profit,  he  Icada  ilia  piapila,  in  apjic  of  the  aacieat  I  rived  uiimixcd  Miiafactioii. — Vttiiim  ^carl.  Jmurn. 

BY  TBI  RAMX  AUTtiOK.      {Jitjt  hsned.) 

LECTURES   ON   THE    DISEASES   OF  INFANCY  AND  CHILDHOOD. 

Third  American,  I'rotn  the  fouctb  enlarged  and  improved  London  edilioa.     In  one  haiid^otne 
u<7luvo  Volume,  extra  clotn,  of  ubiiui  r\x  tiuiidred  ami  lilty  |>ugei>.     S'  7o. 

The  three  former  editiont  of  (he  work  now  before  ,  diaeaaea  it  oinili 
ui  hitve  plui-rd  the  author  in  lue  loreinoat  r«uk  if  who  know  Huyil 
thuac  phyaiL'iHni  who  havecevoted  tiieoiul  altcatiou  ,  pirdiatrica  Will 


did,  tale,  and  valunbic  guide.  Weanilnpute  with 
pleaaure  the  appejinuice  tti  the  aecotiti  purl  of  tt>e 
work,  which,  if  It  equal*  Ihia  pait,  will  complete 
O0«  of  uur  very  heat  volumea  U|i'-ii  di»ra»vt  of  fe- 
nalea  —N.A   MtJ  -Chirurg.  i^crifu-,  Jul),  Itde. 

Happy  in  hia  aimplicity  of  manner,  and  modemte 
in  hia  expreaamn  ui  opinloti,  the  ao(lt«>r  it  a  •ongd 

reaaoaer  ar-''  -  - ■   -  :■■   -    -       -  •  -^  -     ■      •,■   „ 

worthy  or  up. 

pen  red  from  ,cja. 

—  Virginia  iii'i.  jvurn-n. 

Womuattake  leave  iif  I>r.  Wcil'a  very  naeful 
work,  with  our  coininendumro  ol  Itie  elearoera  of 
Ita  aiyle,  and  ihe  ini  uattj  aiid  aobrirty  ol  judantent 
of  whicii  It  givea  evidence.— LoiMfira  M*d  Tirrut 
and  Unztllt. 

SnuDd  judgment  and  good  aeoae  pervade  evoty 


to  nolicfl  altdgetber. 

IIIK       Iff     Ihr      Illr-i.-tll      f 


Hut  tboac 

riiijin'o    of 


lu  the  dikcaaea  uf  early  life  Wr  aitriiipl  ni>  una 
lyaiaof  ihia  edition,  but  iitay  refer  the  rrudrr  to  atirae 
of  Ihe  riinpieri  to  which  the  largest  adciitiuna  huve 
been  iiiiidr — ijioae  on  Uiphiheriu,  DiaoiiJcri  of  the 
Mtnd,  und  liliocy,  for  inatuucc— «a  u  pruui  Ibitt  the 
infotti.  IB  rcitily  n  new  ciitii<>n;  not  a  mere  repriut. 
In  ita  proieiit  ahape  ii  will  be  iniiDil  of  the  grrateil 
puaaible  irrvicc  ui  the  every-day  practice  of  nine- 
iralha  uf  Ihe  pruleiaion. — Mtd.  Timt*  and  GA««tM, 
t.iindoB,  Dlc    IU,  ISJV. 

All  thing!  oonaid' red  thia  book  of  Dr.  Weat  fa 
by  far  the  brat  irraliae  in  our  luiiguugr  up^>n  auch 
nioaih:iiti,.u«  ol  inoibid  action  and  diaeite  na  are 
w|ta<ta<-d  whrn  we  have  to  deal  with  infancy  and 
OJtildhood.  U  I*  true  thut  it  coniinea  itaeif  to  auch 
diaorderaaa  come  wuhin  the  provuce  of  the  yh^- 

•ician,  anu  evru  with  teamed  to  Uteae  it  la  unequal  j  piini    tw.  ity    year*,   iiavr    ifru    urujcf 
M  TcgarUk  tuinutButaa  ol  conalderalion,  and  aoiuc  {  ilrilua  .11«f,  Journai,  Oct.  I,  liii\l. 


tu  impoBBible  to  <  ..  „o 

the  accoucheur  of  .-      i  a« 

Bingte  V'oiuinf.     'I'l«<  It,  , ,, 

ol'  Ihe  Aliud  in  eliilurcn  i  ,)f 

the  vulue  Ol  the  Irtler  ni  ,        ...   lIi« 

Lecturea  of  ur.   Chailca  \\  e*i.—2.omUom  lAmut, 
Oct  -itf.  I8SD. 

Since  the  appenr  —  r-  ,~'  -i--  '--^  ^' i'-..at 

eleven  ye«iaa||o,  .  >,,.« 

uoulib  d  ;  ii>  tiijl.   r  .-r0 

founded  on  aix  iiui  m. 


I 


died  iiiid  eigiii  )  '!,■< 
leen  liiouaand  cha< 
lit  nine  hunurr-d  hIh 
eight) -ciglilpi.iBt' III 
uraily   thirty    Ukiub^uu 


m  Twu  u>3a%  MnML^x. 


HI 


